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ABSTRACT

Title of Dissertation: An Integration of Prices, Wages, and Income
~ Flows in an Input-Output Model of the United
States
David Bruce Belzer, Doctor of Philosophy, 1978.
Dissertation directed by: Dr. Clopper Almon, Jr., Professor of
Economics

An existing input-output model of the U.S. (iNFORDM, Intefindustry
Forecasting Model, University of Maryland) was expanded.to incorporaté
a consistent set of submodels explaining'prices;‘wages, and income dis-
tributions by industry. Amn “income" submodel was developed to provide
forecasts of major income components for fifty industries in the private
economy. Aggregate tax and transfer payments functions were estimated
to derive nominal disposable personal income. An esﬁimate of the Per-
sonal Consumption Deflator-—-to deflate this nominal income--is provided
by a separate price and wage forecasting model. The resulting value for
real disposable personal income, which is used as a major explanatory
variable for the consumption functions in the existing INFORUM model,
serves to close the expanded model on the income side. The price-~wage
model also generates forecasts of prices for approximately 200 goods
and services, which also are used in explaining consumption as well as
in the foreign trade equationms.

With given vectors of product outputs and pfices, the income model
generates industry value added which is consistent with the Bureau of

Economic Analysis's series on Gross Product Originating (GPO) by industry.



A procedure to bridge between the concept of value added in the U.S.
input~-output tablés and that in the GPO series was developed. Functions
for labor compensation, proprietors' income, capital consumption allow-
ances and indirect business taxes were estimated.

Labor compensation is derived from forecasts of total manhours and
BLS hourly earning indexes by industry. Equations within the income
model (1) divide the manhours forecasts between employees and the self-
Memployed and (2) bridge between the BLS hourly earning indexes for "pro-
duction" workers and "average" wages and salaries per manhour for all
employees. Proprietors' income equations——for 23 sectors——use the self~
employed manhours estimates, labor compensation rates, and the total
nonwage factor income in the sector as explanatory variables. Capital
consumption allowances are forecasted for 36 industries by depreciating
a set of vintage stocks at historical prices (for both equipment and
strucutres) with a combination of straight-line and double-declining
balance methods. Indirect business taxes by industry, with the excep~
tion of federal excise taxes, are estimated on the basis of a regression
shares model applied to estimates of aggregate tax payments. The
remaining items of'GPO by industry are (i) corporate profits plus IVA,
(1i1) net interest, and (iii) business transfer pajments; the sum of
these three items is obtained as a residual. A set of aggregate tax
and transfer payment functions was estimated to convert the industry-
related factor incomes to disposable income estimates.

The separate price-wage model provides a set of annual prices and

wages for approximately 200 products which, in turn, are aggregated to



display the major GNP deflators and the wholesale price index. The
model itself is a dynamic, input—-output system which operates in a
quarterly time interval. Wage-change equations were estimated for four
major aggregates in the privafe economy; wage indexes for 100 industries
are obtained through a set of relative wage functions. "Value-added"
price equations were estimated for approximately 40 sectors which use

. measures of demand pressure from previous runs of the real side of the
INFORUM model. These equations assure reasonable behavior of factor
income shares for medium—term forecasts. Indirect business taxes are
included in the determination of output prices; a procedure to convert
wholesale prices to retail prices was also developed.

A test of the price-wage and income models was conducted over the
1972-75 period. An analysis of errors strongly indicates that a number
of published wholesale prices did not reflect transactions prices for
the 1974-75 period. A multiplier analysis of the integrated system of
models was carried out, and the real GNP-government expenditure multi-
pliers were generally consistent with those of other large-scale models.

A forecast for the period 1977-82 was also developed.
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CHAPTER I

OVERVIEW OF MODEL

1.1 Introduction

For the past ten years a group at the University of Maryland has
been operating a detailed input-output model of the U.S. economy. The
INFORUM model (INterindustry FORcasting Model, University of Maryland),
as it is now called, has been used in a large number of planning and
policy simulation studies by both private corporations and govermment
agencies.l Its great industrial disaggregation (nearly 200 industry
sectors) makes it useful in analyzing a variety of problems that cannot
be addressed by the available "macro" economic models.

Throughout most of this decade, the model éould be characterized
as a dynamic, open Leontief-type model operating in real terms., The
term dynamic refers to thé fact fhat at least some components of final
demands notably investment expenditures are dependent on previous levels
of #ctivity. It is "open" in the sense that there is no explicit scheme
of generating factor incomes. Thus, one important determinant of con-
sumption behavior, real disposable per capita income, has been exogenous
in the INFORUM model. |

This thesis deals with a project to expand the current version of

the INFORUM model to incorporate prices, wages, and income flows at a

lA complete description of the model can be found in Clopper
Almon, Jr., Margaret B. Buckler, Lawrence M. Horwitz, and Thomas C.
Reinbold, 1985: Interindustry Forecasts of the American Economy,
(Lexington, MA: D.C. Heath, 1974).



highly disaggregated industry level. As a general statement, a complete
nominal side to the existing "real" model is developed. The models des-
cribed in this thesis have as their primary purpose the "closing" of the
INFORUM model on the income side. Estimates of both real disposable
income and relative prices by product, which over much of the history of
the INFORUM project have been exogenous, are now endogenous variables in
an integrated system of models. A method is developed to forecast dis-—
tributions for five major income components for 50 industries in the
private economy. This effort is the first econometric model to attempt
to estimate nonwage incomes for industries at the two-digit SIC level in

a theoretically consistent framework.

Rationale for Expanded INFORUM Model

The motivation for undertaking the work in this study will become
apparent after a brief discussion of the existing INFORUM model. We can
start simply by looking at the solution procedure of the existing INFORUM .
model prior to the modifications developed here. One begins with an
assumed level of real per capita disposable income for a given year.

This, along with the change in income, relative prices, and trend effects,
determines consumption demands by product. The remaining final demand
components -- exports, imports, investment, and govermment — are deter=
mined by econometric functions or are exogenous. Given the vector of
total final demand, f (t), a vector of real gross outputs by industry,

s (t), is obtained by solving the familiar Leontief rela.tion:2

2This procedure is highly simplified as compared to the actual
INFORUM procedure. The complexities in the actual procedure stem from
the simultaneous relationships between current output (X(t)) and (1)
the investment, (2) imports, and (3) inventory change components of
the current final demand. ‘



x (t) = A (t) x () + £ (t). The matrix of input-output coefficients,
A, is time subscripted since certain portions of it are projected each
year.

Given the vector of outputs by industry, the final step for a given
year is to generate the number of manhours employed for each industry by
using industry trends in labor productivity. After adjustments for
length of the work week, multiple job holders, and government employment,
the model predicts the level of total employment. This magnitude is
compared to an exogenous estimate of the total labor force and an overall
unemployment rate is computed.

If this unemployment rate is quite different from its "desired"
magnitude, the most expedient method of changing it is to try a new
level of disposable income. This, of course, generates a new vector of
consumption demands and industry outputs; and finally, a new level of
overall employment. The process of readjusting disposable income con~
tinues until the calculated unemployment rate is sufficiently close to
the target unemployment rate.

This procedure has normally been justified on the grounds that
government policymakers will eventually pursue policies which will
lead to the full employment level of disposable income. The key word
here is eventually. For long-run forecasts of the economic activity
(say, more than five years into the future) this assumption may be
adequate, since the govermment will have had time to revise fiscal
and monetary policies to counter adverse shocks to the economy.

However, this assumption certainly is not true in the short run,

as recent economic conditiions demonstrate. The U.S economy suffered



two full years of high unemployment rates (1975-76) in the wake of
the extraordinary events of 1974 and "full" employment under the loosest
of definitions is some distance away.

The development of an income side permits levels of income and
unemployment in the near term to be endogenous, rather than exogenous
variables, in the INFORUM model. ﬁith the addition of the income side,
we are required to make explicit changes in tax policieé that affect dis-
posable income. In long-run forecasting applications, we are also forced
to look more carefully at all sources of aggregate demand, not only con-
sumption. That is, if we required an unreasonable reduction in personal
income tax rates to achieve full employment ten years hence, we would be
justified in being suspicious of our final demand projections for govern-
ment, foreign trade, or (exogenous categories of) investment.

Nearly all econometric models have treated income components in
current dollars and this model follows that procedure. Thus, the
development of a system to forecast wages and prices is required.

The price and wage model also serves to forecast cyclical and secular

income shares to labor and capital.

Order of Presentation

The preceding discussion describes briefly the context im which the
work of this thesis was undertaken. In Section 1.2 we provide a brief
exposition of the interrelationsﬁips between the real, the price-wage,
and the income models. F;nally, we summarize earlier work by two
previous INFORUM researchers toward the building of an integrated model.

First, the reader may be aided at this point by a brief account of

the contents of the remaining chapters. In Chapter II we look at the



1967 Bureau of Economic Analysis (BEA) input-output table and discuss in
detail the treatment of value added by industry. Chapter III follows up
on this topic by describing our method of forecasting current dollar
gross product originating (i.e., value added) for fifty sectors in the
private economy. Chapter IV shows the use of a perpetual inventory
method to forecast (original cost) capital consumption allowances by
industry. Wage determination is the subject of Chapter V where we
present a scheme which uses both conventional and absolute wage-change
equations and relative wage equations by industry. Chapter VI explains
our procedure for forecasting the hours worked by proprietors and pro-
prietors' income for 23 industry groups. With the exception of an ex~
planation of industry price formation, Chapters III-VI together are
sufficient to explain functional distributions of income in the aggre-
gate. Chapter VII describes the aggregate tax and transfer functions
which are required for the derivation of disposable personal income.

Chapters II-VII comprise the original scope of the estimation
phase of the thesis., Deficiencies with the then available industry
price model £equired an alternative approach to make the overall model
fully integrate prices, wages, and incomes on an industry basis.
Chapter VIII describes the specification and estimation of a set of
price markup (over unit factor cost) equations for two-digit SIC indus-
tries. These equations, while lacking the industrial disaggregation
of the earlier price model, have more desirable equilibrium properties
with respect to functional income distribution.

Chapter IX describes the mechanics of the price-wage submodel.
The submodel may presently be characterized as "quasi'-quarterly.

That is, most of the demand-pressure variables for both product and



labor markets are 1nterpoiated from the annual output of the standard
INFORUM model. Although such a procedure cannot pinpoint the exact
timing of fluctuations in demand, the quarterly format is useful

in a variety of situations. A realistic view of the inflationary
process in a modern industrialized economy suggest that prices and
wages (and costs) are constantly in a state of dynamic disequilibrium.
Prices lag unit costs; wages lag prices, wages lag other wages, and
so on. The quarterly format allows the introduction of exogenous
shocks to this system.whose impacts will not be fully worked out

in the given period. Thus, we expect an 1mprovément in our annual
forecasts, given that we know that a certain price changes in the
fourth quarter of the year rather than the first quarter. Although
the system of lags uged for this present model are quite rudimentary,
the foundaéion is laid for future refinements.

In Chapter X we make a test of the price-wage and income models
over the period 1972—75. Model prices are generated first with industry
wages fixed at their actual levels and, second, with wages endogenously
generated by the absolute and relative wage equations. Incomes by
industry are compared with known GPO data and errors for personal income
are displayed for alternative runs with varying degrees of endogeneity
within the complete model.

A multiplier analysis is presented in Chapter XI to demonstrate
how the complete system operates. The income and price effects over
a four year period following a change in federal nondefense spending
are displayed. In the second part of the chapter a forecast of incomes

by industry for the 1977-82 period is presented.



In Chapter XII we review some of the major accomplishments of the

thesis and lay out some directions for future improvements of the model.

1.2 Structure of the Model

As an aid toward understanding the integrated INFORUM model, the
reader is referred to Chart I-1l. The boxes with double borders
represent the real INFORUM model which has been in operation for the
past decade. In the other boxes to the left of the double lines we
have indicated the major items comprising the income submodel. To the
right of the double lines are the major elements of the price-wage sub~-
model. The arrows crossing the double lines, of course, show the major
links between the price-wage and real-income models.

A word may be helpful on our use of the word "model" in this and
subsequent chapters. In many large~scale econometric models, groups of
equations dealing with a particular subject are often termed "blocks.™
I have instead used the word "model" to refer to the work on prices
and wages, and incomes because the computer programs dealing with prices
and wages, and incomes can be operated independently of those making up
the real model. ''Submodel" will be used when we wish to emphasize the
solution of the complete system as a whole. For the price-wage model,
in particular, a wide variety of amalytical studies could be undertaken
without reference to a particular solution of the real model. (As a
simple example, the magnitude and timing of the change in the aggregate
deflators from a change in a raw materials price under simple "pass-~
through" assumptions.)

We may now trace through briefly the mechanics of a solution to

the complete system with the help of Chart I-1l. We begin by forecasting
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a vector final demands (in the large box on the upper left) given an

assumed real disposable income and relative prices by product. Product

outputs are next determined for 200 sectors, given a matrix of input-
output coefficients. The oﬁtputs are aggregated to 88 sectors and then
employment is determined, via slabor productivity equations, for these
same 88 sectors. From the top box in the chart we take an exogenous
estimate of the labor force and, together with our employment forecast,
obtain the overall unemployment rate. This completes the solution for
the conventional real model. As we have stated earlier, the level of
real income has been the usual tool used to obtain a "target" unemploy-
ment in forecasting applicatioms.

A major purpose of the income model is to force the disposable
income estimate assumed for the consuﬁption equation to be the same as
that accruing in the productive process. We first determine GPO for
fifty industries in the private economy, Household, Rest of the World,
and four government sectors. The box for this step is shown below that
for the real output determination. Arrows from the 200-order outputs,
prices, the I/0 matrix, and secondary products coefficients illustrate
all of these items as determinants of GPO. Capital consumption allow-
ances (CCA) and indirect business taxes (IBT) are first deducted from
GPO to arrive at basically national incomes by sector. The arrow ex-
tending "southeast" from Final Demands to CCA and IBT box represents
fixed business investment.

Wages and salaries plus wage supplements are determined next for
the same 56 sectors. The estimates of total manhours by industry are

adjusted to exclude the hours of the self-employed (not shown in chart).
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Once that is done, an aggregate "average compensation per manhour"” can
be computed for each sector.

Proprietors' income, shown in the lower right of the real-=income
model can theﬁ be determined on the basis of total nonwage factor income
in the (appropriate) sector, the employee compensation rate, and the
number of proprietors. A breakdown of proprietors' income to the full
50 sectors in the model is accomplished by assuming that each subsector
within the 29 sector aggregation maintains the base year proportions of
income. With proprietors' income in hand, "Other property income"
(corporate profits + IVA, net interest, business transfer payments) is
obtained as a residual for the 50 sectors in the private economy.

The labor and property incomes are finally aggregated across
industries as shown in the box labeled "Aggregate incomes." Tax and
transfer payment functions are applied to obtain disposable personal
income per capita (DPI) in current dollars. DPI in constant (1972)
dollars is calculated by simply dividing the current dollar figuré by
the annual Personal Consumption Deflator from the price-wage model. This
linkage is illustrated, of course, by the horizontal line extending across
the bottom of the chart. ,

The computer routine making up the incoﬁe submodel can be run
independently from the real model or as simply an extension of the real
model. .In this latter mode, the program checks the real DPI emanating
from the income submodel with that used in the consumption functions.

If the difference is greater than some tolerance value (presently $3 per
capita), the program automatically uses the new disposable income in
the calculation of new final demands and thus, a second estimate for DPI.

The entire procedure is repeated until a consistent solution for real DPI



is obtained. An aggregate marginal propensity to consume which is less
than unity assures convergence toward a unique solution. In practice, the
model requires usually no more than three iterations with a reasonable
first guess of income.

We have briefly sketched the structure and ‘'solution procedure- for

the real and income model, given vectors of wages and prices. A full

model solution next requires the solution of the price-wage model con-
sistent with the latest output of the real and income model. The top two
boxes in the right portion of Chart I-1 illustrate the aggregate unem-
ployment as a key variable affecting rates of changes for four aggregate
wage indexes as well as relative wages by industry. The rate of change
of industry employment also affects industry wages. The value-added
price markup equations, in the fourth box down, are affected by unemploy-
menf rates, changes in output, and output/capital stock ratios. Gross
output prices depend on the real model for the matrix of input-output
coefficients and labor productivity by industry. Final demand deflators
are obtained by aggregating the gross output frices with fixed weights.
Since the output of the price-~wage model is quarterly, the vectors of
prices and wages for use in the real and income model are annualized by
simply taking four—-quarter calendar year averages.

| At this point we have made one iteration of the complete system.‘
The first step in the second iteration is to use the revised vectors of
prices and wages to solve for real outputs, income, and the unemployment
rate. The solution procedure thus consists of iterating back and forth
between the two models until all outputs and prices (and ingomes) do not

differ by more than a specified tolerance from one iteration to the next.
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The details of a rigorous solution to the complete model are
described in Chapter XI. In practice, this solution procedure may extend
over a period of weeks prior to the completion of a formalNINFORUM fore~
cast. The models are iterated against each other as changes are made in
the exogenous assumptions and errors corrected. If these changes are not
large, revised solutions may not require more than several iterations of

the complete system.

1.3 Previous Work Toward a Complete INFORUM Model

‘ The work described in this thesis is not the first in the history
of the INFORUM project dealing with income and price determinationm.
These two areas have been the subjects of two previous Ph.D diséerta—
tions. In this section we review the major results of these studies
and explain why much of this prior work could not be incorporated

in the full model outlined in the previous section.

Q' Connor Income Model

Brian O'Comnor completed a thesis in 1973 entitled "An Income
Side to an Imput/Output Model of the United States."> The major focus
of this study was to close the INFORUM model on the income side, as
well as providing an industrial orientation to the income flows.
However, O'Connor worked under the handicap of not having a set of
price and wage equations. Industry prices and industry wages were

the topics for two other doctoral research projects which were yet

3Br:l.an 0'Connor, "An Income Side to an Input/Output Model of the
United States," unpublished Ph.D. dissertation, University of Maryland,
1973.
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in the formative stages. As a result, rather ad hoc procedures were
required in order to generate an actual forecast of the O'Connor model.

Wage and salary (per employee) equations were simple time trends and
(nomial) gross profits by industries were regressed against constant-
dollar shipments and time. The nominal incomes generated by these
procedures were then deflated by exogenously given values of the P
Personal Consumption Deflator. These procedures, of course, divorces
any link between real wages and real incomes and provided no built-

in constraints on functional income shares by industry for long-range
foreéasts.

The most significant contribution of the O'Connor model was the
development of a system to forecast wage and salary income distributions
by size-class for individual industries. The Bureau of Labor Statistics'
1965 industry-occupation matrix was used to infer income distributiomns
for 54 industries. The purpose of this exercise was to improve the
accuracy of the federal individual income tax forecasts. Accordingly,
incoﬁe distributions for rental income, interest income and proprietors'
income were also developed.

Given the computer requirements of achieving consistency between
prices and incomes in the current model, thé maintenance of income dis-
tributions by industry did not seem to have a high benefit/cost ratio.
Moreover, the O'Connor distributions for future years required the use
of a projected BLS industry-occupation matrix. Besides the uncertainty
involved in the use of such projections, the updating effort itself (to
use a more recently projected matrix would have been considerable. Ac-

cordingly, the study here has used a simpler, more flexible aggregate
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approach to forecasting federal individual income taxes, as explained
in Chapter VII.

I have also omitted the industry functions, as estimated by
0'Connor, for both dividends and corporate income taxes. Such equations
would be required to derive retained earnings by industry, but nowhere
in the model are retained earnings themselves required as explanatory
variables. Aggregate funcéions appear quite satisfactory in explaining
total corporate taxes and dividends. The latter, of course, are a part
of personal income.

The O0'Connor model made use of published industry data classified
on a company basis only. For the present study, the industry data
derives from the Bureau of Economic Analysis' (BEA) Gross Product
Originating series which is adjusted to an establishment classification.
We have been able to develop a correspondence between their time geries
industry data and that for the (1967) U.S. input—-output table. Thus,
the incomes by industry can be explicitly related to the forecasted
input-output tables (and prices) rather than being independent as
0'Connor was forced to make them.

Significant improvements have also been made in the computer
structure of the income model. O'Connor's model could only be run
independently from the real model. Each model was run for a 10 to
15 year forecast period, in tufn, and each new sequence of disposable
incomes coming out of the income model was entered manually as input
to the real model for the next iteration. The model here has bgen
programmed to automatically seek a disposable income solution on a

year=-by-year basis.



In conclusion, the building of the current model, at least in its
initial stages, was alded by the existing conceptual framework of the
O0'Connor model. However, the development of consistency between the
income model and, in turn, an endogenous price and wage system, the GPO
industry data conventions, and the published input-output tables, re-

quired research efforts in many totally new directionms.

Gilmartin Price Model

A Ph.D. thesis dealing with industry price determination was com-
pleted by David Gilmartin in 1976.4 In "Forecasting Prices in An Input-
Output Framework,'" Gilmartin comstructed a disequilibrium model which
sought to forecast prices at the fﬁll industry detail of the INFORUM
model. In our review of literature on price determination in Chapter VIII,
we discuss the Gilmartin model in some detail; therefore, only a general
overview is needed here.

An important characteristic of the Gilmartin model preserved in
the price-wage part of the present model is that it is totally recursive.
Price equations using monthly data were estimated for approximately 130
industries where distributed lags of unit costs and output levels were
the sole explanatory variables. The wage equations in the model (which
were estimated by the present author) used only_ lagged prices in addition
to other explanatory variables supplied by the real INFORUM model. Con~
siderable attention was given to the estimation of the lag distribution.

Thus, given the history of each industry's price and wage levels over

4pavid Gilmartin, "Forecasting Prices in an Input-Output Framework,"
unpublished Ph.D. dissertation, University of Maryland, 1976.
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the previous 12 to 24 months, plus the explanatory variables exogenous
to the price-wage model, the current month's prices and wages could be
determined. Once the history (in terms of a computer file) is revised
to include the new month's output, the model is ready to calculate
prices and wages for the succeeding month, and so on.

Several main features of the Gilmartin model have been carried
over in the price-wage model constructed here. First, the recursive
structure is maintained except that the solution interval has been
changed from months to quarters. This change was motivated primarly
by a desire to decrease the rather substantial computer time require-
ments of the Gilmartin monthly model. The quarterly format also en-
hances the availability of certain time series for estimation purposes
and provides a more accessible basis of comparison with the results
of other researchers. I have also retained the price-wage model as
an independent set of computer routines as in the Gilmartin model.

The programming requirements to link the real, income, and price block
within a single computer program would have been enormous.

The regression equations of the Gilmartin study were dropped in
favor of a more deterministic approach for the present model. Basically,
these equations could not be relied upon to provide reasonable income
distributions by industry for long-run forecasting. A discussion of the
issues involved here is given in Chapter VIII. The procedure in the
present model ensures that the predicted behavior of prices, at least
at the two-digit SIC industry level, is at least consistent with past
behavior of value-added shares by industry. We also explicitly in-

corporate indirect business taxes in our price determination procedure,



17

a factor which the Gilmartin model omitted. More careful attention is

also given to the derivation of the aggregate consumer price indexes.

A Perspective on the Current Model

Unfortunately, the O'Connor and Gilmartin studies — as means
toward a complete, disaggregated model of the economy — fell prey
to one of the major stumbling blocks of the original Brookings model.
In the de-velopment of the Brookings model, each block of equations
worked fine as long as it was in the hands of the expert who built
it. The problem, however, came when the entire system had to be put
together.. The eventual result was that the entire model had to be
re-estimated with a consistent set of data and with the recognition
of which (potential explanatory) variables would be endogenous in
the final system. |

As I have discussed sbove and will demonstrate in the succeeding
chapters, the development of a consistent model required far more than
a simple re-estimation of existing equations. The entire model had to
be conceptualized in advance of major empirical work on individual
sections of the model. As a result, most of the structure of the
previous income and price models had to be abandoned.

The foregoing discussion provides the reader with a rationale for
the broad scope of this study. However, in pursuing a consistent, com—
plete model, I have not tried to substitute breadth for depth. 1In the
following chapters I have attempted to be as rigorous in specifying
equations as possible, given the restrictions of a complete econometric

model.
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Chapter II

THE STATISTICAL FRAMEWORK OF INDUSTRY VALUE ADDED

The input-output tables prepared by the Department of Commerce
have been constructed within the framework of the U.S. National Income
Accounts (NIA). This implies immediately that both the sum of final
demands, aqd the sum of value added by industry are each equal to
Gross National Product. Our concern is with the statistical relation-~
ship of the industrial distribution of wvalue added in the published
input-ocutput table to the series prepared by the Bureau of Economic
Analysis (BEA) for gross product originating (GPO) by industry.

The first part of this chapter analyzes this relationship in
the 1967 input-output table. The information behind this study was
painstakingly assembled from worksheet data graciously provided by
BEA., 1In the second part of the chapter, we discuss how we employ
this supplementary data in updating the INFORUM input-output table.
Chapter III shows our use of this information in the income model

proper.

‘2.1 Description of the GPO Data Series
We begin with a brief description of the statistical sources and

methods underlying the GPO industry series.l This program began in

lsee "GNP by Major Industries - Concepts and Methods," BEA un-
published document, 1966. Also see Jack J. Gottsegen and Richard C.
Ziemer, "Comparison of Federal Reserve and OBE Measures of Real Manu-
facturing Output, 1947-1964," The Industrial Composition of Income and
Product, ed. John W. Kendrick. (New York: Columbia University Press),
NBER Studies in Income and Wealth, vol. 32, 1968,
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1962 with the purpose of developing measﬁres of the industrial origin
of existing series of gross national product. BEA compiles this data
for 64 two-digit SIC industries; within each industry thirteen separate
value-added components are given as listed below:
1. Wage and salaries
2, Wage supplements
3. Corporate profits
4. Non-corporate income
5. Corporate inventory valuation adjustment
6. Non-corporate inventory valuation adjustment
7. Net interest
8. Corporafe capital consumption allowances
9. Non-corporate capital consumption allowances
10. Indirect business taxes
11. Business transfer payments
12. Rental income
13. Subsidies
The data begins in 1947. The two-digit SIC data is not considered by
BEA to be of publishable quality, but it can be obtained upon request.
Totals for broad groups are published annually in the July issue of

the Survey of Current Business.

The largest component of GPO is, of course, wage and salary
payments. The primary source of wage and salary data is from tabu-
lations prepared by the state Unemployment Insurance agencies (UI).
This data is reported quarterly to the Department of Labor on a three-

digit SIC basis and contains both total payroll and employment. These
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programs now cover about 85 percent of the employment in the private
non—-farm economy; BEA constructs estimates for the remainder from a
variety of other sources. Wage supplements comprise employer contri-
butions for social insurance and for private pension and welfare plans.
The industrial composition of the social security contribution is
based on reports to the Treasury. Employer contributions for pensions
and other benefits are taken primarily from corporate tax returns sub-

mitted to IRS and published in Statisties of Income.2

An industry allocation of indirect business taxes and nontaxes
is determined on the basis of legal responsibility for payment. The
estimates are made for the following three categories:

(1) Excise taxes and customs duties

Specific excise taxes are not difficult to allocate since
they are easily identified at the two-digit industry level.
Customs duties are put into the value added for wholesale
trade.

(2) Property taxes

The estimate of property taxes paid by industry are prepared
so that the sum matches the total tax revenues reported by
the individual states. This source, however, is not used for
constructing the industry allocations. Some regulated in-
dustries provide data in their reports for the regulating .
agencies from which property taxes can be determined directly.
In manufacturing, a primary source is the 1958 Census which
published estimates of property taxes paid by each four-
digit industry. These payments are moved forward by IRS
depreciable assets data by industry and adjusted to conform
to appropriate totals.

2This procedure may be. changed substantially in the recently
issued 1972 benchmark revisions of the National Accounts.
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(3) Sales and other taxes (including nontaxes)

Sales taxes are allocated primarily to wholesale and retail
trade. The remaining items in this category (mainly licenses
and fees) are assigned on the basis of detailed examination
or allocated by industry sales or income originating.

Business transfer payments are of three types: consumer bad debts,
business gifts to institutions, and other payments (mainly payments for
personal injury). The first two are allocated primarily on the basis
of IRS data. The greater part of personal injury payments is allocated
by industry motor vehicle license fees.

Federal subsidies apply only to a handful of industries and are
easily éssigned by examining the specific program under which the pay-
ments are made. Farm subsidies comprise the largest portion of total
subsidies; with railroads, water transportation, and real estate re-
ceiving the remainder.

A consideration of the remaining items of gross product origi-
nating—net interest, depreciation, and profits—~leads to one of the
most difficult measurement problems of national income accounting.

This difficulty stems from the common ownership of establishments
classified in more than a single industry. Conceptually, at least,
two approaches are available to measure capital income for "pure"
industries.3 The first is to estimate profits directly from data for

establishments. In manufacturing, annual Census data for value added

by four-digit industry would provide a logical starting point. However,

3Michael Gort, "The Analysis of Factor Shares by Industry,™ in
The Behavior of Income Shares, NBER Studies in Income and Wealth,
vol., 27, (Princeton, N.J.: Princeton University Press for NBER,
1964), pp. 287-316.
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there are a host of serious problems associated with this approach.
First, since Census value added data includes purchased business
services, an estimate for these would be required on an annual basis.
Secondly, an estimate of operating income derived as the difference
between vaiue of shipments ahd expenses for an establishment may not
be a satisfactory measure of property income. The prices of shipments
between operating plants of the same company may deviate from market
prices. Furthermore, for multi—establishmenf campanies, a significant
portion of expenses is omitted in reports of manufacturing establish-
ments. Expenses for sales, advertising, engineering, legal services,
and central administration are common to more than one establishment
and in large companies, common to establishments classified in separate
industries.

Finally, a major problem in using Census value added data would
exist in making estimates for industries outside of manufacturing
where no annual establishment data are availabe and in fitting all
of the industry estimates within the totals provided by the IRS.

BEA takes the alternative approach of beginning directly with
the IRS data on net interest, depreciation, and profits and reallocat-
:Lng the published totals on the basis of information linking companies
to specific establishments. The source for this reallocation is the
Census Bureau publication Entégg‘ rise Statistics. The Census link was
first made for the 1958 Census and has been published for both the
1963 and 1967 Economic Censuses. Part three of this report shows a

cross classification of employees by the industry of the owner company
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(IRS classification) and the industries of the associated SIC classi-
fied establishments.,

The Census link data is collapsed to approximately a 90 by 90
‘matrix. Each column of this ﬁatrix shows the distribution of employ-
ment in all SIC establishments owned by companies in a given. IRS
classification. That is, the ‘e'ntI:'ies in each column sum to 1.0.
Profit and depreciation totals are then constructed for each of 90 IRS
industries. The reallocation procedure followed for obtaining capital
income by establishment based industry is akin to the 'burification"
of the INFORUM input-ocutput table. In the INFORUM procedure, inter-
mediate inputs are reallocated by outputs; assuming (initially, at
least ) that the input structure for a given product is the same regard-
less of where it is produc:ed.4 'I_.‘he assumption underlying the BEA
reallocation pr?cedure is that profits or depreciation per employee
is the same in all establishments of a given industry regardless of
the classification of thé parent company. Thus, once the data are in
hand, the solution is obtained by simple simultaneous solution of the
90 linear equations. In the 1972 bénchmark BEA used the 1963 and 1967
enterprise-establishment studies to reallocate the more recent IRS
data.

For certain industries (Transportation, Conmmic#tion, Utilities,

Finance) the SIC definition is that of an enterprise rather than an

4See Chapter 10 of Almon, Buckler, Horwitz, and Reimbold, 1985:
Interindustry Forecasts of the American Economy, (Lexington, Mass.:
D.C. Heath, 1974).
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establishment basis. No adjustment was made for these industries as
well as most service industries in ﬁhich the problemof company and
establishment classification is small. Net interest is a relatively
small share of value added and is not allocated with the above pro-

cedure. It is taken directly from Statistics of Income and classified

on a two-digit SIC basis. The above adjustments apply only to corporate
profits and depreciation. Proprietor ownership of establishments in
more than a single industry is rare, and so industry data for propri-
etors comes without change from IRS.

Estimates for the corporate and non-corporate inventory valuation
adjustment are made for each two-digit SIC industry. There is presum-
ably no problem with enterprise-establishment classification as these
estimates are worked up primarily from Census establishment information
on the book value of inventories and BLS wholesale prices.

The sum of the components for each industry is taken to be the
gross (national) product originating (GPO) in that industry. The dis-
cussion here has been limited to allocation of current dollar items;

a large portion of the BEA program is devoted to deriving constant
dollar magnitudes. We shall consider briefly this aspect in the next
chapter. We now turn to comparison of the GPO allocation of industry

value added with that published in the 1967 input-output table.

2.2 Value Added in the 1967 Input-Output Table

Our objective in comparing the GPO series with the value
in the published input-output tables is not merely to explain the

source of the differences, but to develop an explicit transformation
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between the two data sets. We desire a transformation, F, such that
I/0 Table Value added = F (GPO, Supplementary Census Data) and,
GPO = F~1 (I/0 Value added)

F is necessary if we wish to use the available GPO data to help
update the input-output table. F-l is required if we want to use the
INFORUM forecast values of input requirements, outputs, and prices
to forecast the only consistent (and generally accepted) series on

" ladustry falue added, namely, the Commerce Department GPO series.
Since the INFORUM moﬁel operates from a given base year, we expect F-l
to reproduce exactly the GPO for that year. Aggregate values of the
GPO components for forecast years are, of course, used to affect final
demand expenditures and thus close the model on the income side.

We turn next to an analysis of the 1967 input-output table with
respect to its treatment of value added. Further on in Chapter II we
will lay out explicitly the F transformation, our procedure for up-
dating value added in the INFORUM table. In Chapter III we will con-
sider the forecasting of GPO from our input-output model, i.e., F-l.

The development of F begins with an article in the Survey of

Current Business describing value added in the 1963 input-output

study.5 The appendix of this article presented a reconciliation of
the 1963 Gross Product Originating and value added in the 1963 table

for a dozen or so broad industry groups. This broad reconciliation

5Albert J. Walderhaug, "The Composition of Value Added in the

1963 Input-Output Study," Survey of Current Business, vol. 53, no. 4
(April, 1973), pp. 34-44.
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was of little use in preparing industry value added for a more current
year at the 200-order sector level of the INFORUM table. I was fortu—-
nate, however, to obtain from BEA much of the detailed data unﬂerlying
the published value added for the 1967 1/0 study. This data included
estimates of value added-—-at seven component detail-—for each of 484
industries. From this and other supplementary information, a recon-
ciliation similar to that for the 1963 study was comstructed. It is
shown in Table II-1,

Column 1 of this table shows the GPO estimates of total value
added which incorporate the revisions for the 1967 benchmark of the
National Accounts.6 The industry estimates do not include the in-
ventory valuation adjustment which is shown at the bottom as a total
for all industries. The category "Other" includes private households,
govermment and govermment enterprise, and rest of the world. Columm 2
shows several revisions that were made subsequent to the initial 1967
GPO benchmark figures and were incorporated in the table.

Before considering the remaining columns we note that an impor-
tant objective in the construction of the U.S. input—output tables has
been to achieve homogeneity of input structures of the commodities or
activities within a single input-output sector. Industries with
similar output distribution patterns were also considered for aggre-

gation.

6This data was obtained about a year in advance of the scheduled
publication of the 1972 benchmark of the National Accounts and may
differ from the final BEA values for industry GPO.
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Ag. Serv,
Mining
Constructign
Manufacturing
Transportation
Communications
Utilicies
Trade |,
Finance & Ins.
Real Estate
Services

Other

VA

Stat. Disp,.

TOTAL

TABLE II-1

Reconciliation of 1967 Input-Qutput Value Addcd and Industry GFO ~ Industry Groups

1967 GPO
Benchmark

(1)

23598.0

1881.9

14221.5

36640.8

223075.3

32385.8

17623.3

18775.2

129789,2

27028.8

83437.5

83685,7

105167.6

-1843.0

1143.0

796610.6

SIC Space Force
Revisions Reclassification Rental & MSO Acpount
(2) (&) . 4) - (5)
-1559.2
-393.5
*=1037.7 -524,5
+1037.7 9715.9
+3754.0 =542.6
-875.5
-20,1 - =489.2
-14:.0 -1007.7
39.8 98.6 -3816.8 -50.9
-11.8 -20.0
238.0 ' 1861.8  -1616.8
59.4 294.9 -1625.1  -150.4
-4438.3
*
=1222.4 0.0 0.0 0.0
VR e T s i oan i by Wt L i e, et l‘.;”\,. H <I'm

Activity
Redefinition

(6)

+558.9
-1208.3
+421.4
-2,5

-6313.4-

152.2

6391.7

0.0

Miscellaneous
& Unallocated

@)

£319.4

0.0

Table
Control

(8)

22038.8

2047.3
12339.9
46186.1

226684.8
31507.8
17456.7
17625.5

119746.5
26997.0
84072.7
88655.8

100729.3
-1843.0

1143.0

795388,2

Input-Output
Value Added
(9)

‘ -

22038.8
2343.0
13490,2
45575.0
225995:1
30996.,2
17608.9
17712,0
118265.0
263994
84072.7
88505,6
100729.3
~1843.0

795388.2

Lz
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One means of satisfying these criteria is reclassification of
minor SIC industries. An example is the treatment of SIC 0772,
veterinary services; which is moved from Agriculture Services, Forestry
and Fisheries (SIC 07-09) to Medical Services. Column 3 shows the
net effects of these adjustments. The entries in mining and con-
struction show the reclassification of SIC 138, oil and gas well
drilling. Trade has been increased by the value added of trading
stamp companies (SIC 7396) moved out of Services.

Two special adjustments are shown in column 4. The gross margin
of manufacturer's sales offices in trade (MSO's) are taken out of
trade, where GPO put them, and moved into manufacturing. Presumably
these margins are covered by the value of shipments reported in the

Census of Manufactures. The industrial distribution within manu-

facturing is based on data for employment and payroll of MSO's in

the Census of Wholesale and Retail Trade. The space rental adjustment
moves all the rent receipts of non-manufacturing industries into the
real estate industry. (The rents and royalty receipts for manufac-
turing industries are also moved into the real estate sector, but

this is done via explicit "transfers." As such, they would appear

as entrieé in the 484~l1level table obtainable from BEA on magnetic
tape.)

| The primary means of achieving more homogeneous groups is through
"redefinition" of certain activities from one industry to another.
Estimates of all construction work performed by employees not in the
construction industry (force account) were transferred to the con-

struction industry. As shown in colummn 5 of Table II-~1 this amounts
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to over 20 percent of the published value added in the construction
industry for 1967. The estimates of this construction work includes
that for new and maintenance and repair. The largest single redefi-
nition was that for maintenance and repaif of highways performed by
state and local government employees.

Numerous other redefinitions of activities were made, affecting
especially the trade sectors. These are shown in column 6. Activities
removed from retail trade include auto repair in service stations, meat
cutting and bakeries in grocery stores, and the many services performed
in large retail department stores.

The sum of GPO and the various adjustments is displayed in column 8.
The next column plainly shows that the final table was not balanced to
achieve exact agreement with estimated value added even for these broad
groups. The major discrepancies between the guideline controls and the
final value added are in minimg, manufacturing, and trade. It is appafent
that these groups are absorbing most of the statistical discrepancy of
1143.0 so that the differences are not as large as at first glance.

With the nature of these special adjustments in mind, we turn next
to examine more thoroughly the strategy pursued by BEA in balancing the
1967 table and the 1967 estimates at a finer industrial disaggregation.

For the 1967 table, BEA decided to prepare in advance independent
estimates of value added at the most detailed level. Aggregated to 13
sectors, they are shown in column 8 of Table II-1. These were con-
structed as the sum of seven components--wages and salaries, wage supple-
ments, net interest, indirect business taxes, depreciation, business

transfers, and profit income. In nonmanufacturing, the sources for
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this information were essentiallf the same as for the GPO series. In
manufacturing, the basic procedure was to use Census data to allocate
GPO control totals for all manufacturing or smaller groups.7 This in=-
formation was eventually aggregated to the BEA 87-industry level and
the components were collapsed to labor compensation, indirect busiﬁess
taxes, and profit type income.8 The various reclassifications and re-
definitions were added and subtracted, also broken down into these
three components. During the balancing phase of the table-making
process, the difference between output and the sum of intermediate
input on the one hand and this independent estimate of value added on
the other were compared at the 87-sector level. Some adjustments
were made to intérmediate inputs——on the basis of this comparison--~to
achieve as much consistency as possible between the two magnitudes,
Some idea of the importance of the discrepancies between the two
measures of value added which remained in the final table--at a two-
digit SIC level——can be gained by examining Table II-2.

The force account and other redefinitions have been excluded from
the input—output value added components to achieve comparability with
the corresponding GPO item. The input-output value added controls,

however, include the SIC reclassifications, manufacturers' sales

7The profit and depreciation items came from the reallocation of
approximately three-digit IRS data. This was sufficient to produce
profit and depreciation at the 87-sector level, which was eventually
considered in the balance.

8The‘degree of disaggregation for value added was presented in
the published 87-sector (1967) I/0. table appearing in the February,
1974 issue of the Survey of Current Business.
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offices in trade, and‘spacé rental imputations; and so the GPO figures
have been adjusted to reflect these. The first four pairs of columns
are straightforward, showing the difference between the value added
componeﬁt going into the table controls and the component in the GPO
file. The table illustrates clearly that the controls for nonmanu-
facturing came with practically no change from GP0.? The rather large
difference in the wage supplements figures indicates a company-establish-
ment problem with the current (as of 1975) GPO source. Apparently the
1972 Benchmark NIA revisions incorporate Census data in manufacturing

to derive the GPO wage supplements figure.

Other profit income in the I/0 table is taken as a residual, i.e.
it equals published value added minus redefinitions minus the sum of
the components listed at the left: (1) wages, (2) wage supplements,
(3) indirect business taxes, and (4) capital consumption allowances.
This estimate of "other profit income" is compared to the sum of net
interest, corporate profits, proprietor income, business transfer pay-
ments, subsidies, and IVA from the GPO data file. The I/0 table/GPO
ratios outside of manufacturing, mining, and trade indicate that the
table was balanced to maintain approximately the given value added
control. For these sectors, less confidence could be placed in the

data for intermediate inputs than could be put in the value added.

9In the INFORUM aggregation of the 484-level table all but two
maintenance and repair sectors are put back with their primary activity.
This causes several distortions in Table II-2. First, the components
for the real estate sector do not match when they really should. The
same sort of problem exists in the treatment of maintenance and repair
construction for oil and gas well drilling in sector 5.
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In manufacturing, however, Census establishment data for materials
consumed proved to be relatively immutable for some,industries.lo
'Tﬁus, the independent estimate for value added gave way substantially
in some industries, notably in petroleum refining, primary-metalé,
and automobiles. We have assumed in Table II=-2 that the discrepancy
is borne by profit-income, since it stems originally from company
data and the labor compensation and indirect business tax estimates
have more of an establishment basis. Strictly speaking, CCA should
also absorb some of this discrepancy since it too is reallocated from
company data. In addition, it may be that certain redefiﬁitions are
a source of some of the problem since the redefined output (not shown
here) may not be consistent w?th the redefined value added.

There are clearly substantial problems in‘arriving at some
concept of "pure" industry profits even in a relatively "normal"
year such as 1967. .Table II-2 is not presented as a criticism of
the BEA balancing procedure, but rather to show that exact industry
measures of value added, especially profit income, are not possible
for all industries within currently available statistical sources

in the U.S.

10The ratios in column 10 should be taken as only an approximate
indication of how far the residual element differs from the independent
estimate of profit income. First, there are small differences between
the GPO profit data in manufacturing and the actual controls estimated
for the table. Second, the GPO magnitude includes IVA whereas the
controls do not. Subtracting the (negative) IVA would cause the GPO
profit entry to increase in the following three industries: retail
trade, 574 million; wholesale trade, 197 million; nonelectrical
machinery, 227 million.
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.2.3 Value Added in the Updated INFORUM Table

Sourges of Information

As was pointed out at the beginning of the last section, the
detailed reconciliation is an important aid in updating the INFORUM
table. We now turn directly to laying out the F transformation to
which we alluded at the begimning of the previous section. The 1967
200-order table is moved up to’the current base year (at present, 1972)
by a modified RAS procedure.11

Formerly the "colummn controls" (i.e. gross outputs minus value
added) for this procedure were estimated in a somewhat casual ménner.
In nonmanufacturing total material and service inputs were assumed to
move proportionately to total (current dﬁllar) output. In manufacturing,
Census data on cost of materials were used to move forward the inter-
mediate input sum from the 1967 tabie. These data, taken on four-digit
SIC basis, were adjusted by the Census specialization and coverage
ratios to be made consistent with the INFORUM activity base, rather
than an establishment level. This establishment-activity problem will
be discussed a bit later.

In using the information derived from the 1967 value added study,
at least two alternative approaches to updating can be devised. The
first may be thought as a "bottom up" procedure; the second, a "top

down."

llsee 1985: Interindustry Forecasts of the American Economy,:
PP 154-157.
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In the first, the GPO component data are used separately to move
up the corresponding value added control figure made up for the 1967
table. That is, the first step involves creating two-digit subcontrols
by multiplying the 1972 (or any other year for the new table) GPO
figure for (1) wages and salaries, (2) wage supplements, (3) indirect
business taxes, (4) CCA, and (5) profit income by the appropriate
link factor as shown in Table II~2, Since the extrapolated values
for each component will not sum to the economy totals, a second
scaling forces consistency for each component across the economy or
within certain broad industry groups. The value added control for
each industry is taken to be the sum of the components after scaling.

The "top down" procedure treats value added as a lump sum for
each industry. The scaling at a two-digit basis is done first on
4tota1 value added and then a scaling applied to make consistent
totals for broad groups. The differences in the results'of the two
procedures are dependent on the extent to which the value added com-
ponents change from the base year and the size of the scaling factors
as shown in Table II-2, One might expect to find noticeable differ-
ences in two methods in an industry like Motor Vehicles where the
profit scaling factor is much different from 1.0.

The INFORDM research group has been currently engaged in updating
the 1967 table to 1972 with the incorporation of as much information
from the 1972 Census of Manufactures as feasible. Most notably, this
effort is designed to use information for individual coefficient

change within a general RAS balance,
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At this writing, most of the column controls for this balance were
derived from application of the "bottom up" approach as described
above. To obtain controls at the INFORUM 200-sector disaggregation,
a two-stage scaling procedure was followed. First, values for wage
and salary payments were assembled for each of the INFORUM sectors
for 1967 and 1972 usingdata from the Unemployment Insurance (UI)
program.12 The wage and salary components underlying the 1967 table
were then moved forward by the UI wage indexes at the 200-order
detail. The resulting wage and salary figures were aggregated to
five groups-—agriculture, construction, manufacturing, nommanufac-
turing, and government--and then scaled to match the growth in total
wage and salaries for these groups as shown in the GPO data file.

No data weré available for wage supplements below the two-
digit SIC basis. Accordingly, the wage indexes created above were
used to move the 1967 wage supplement estimates, again at the 200-
order detail. Since the GPO file does have wage supplements at the
two-digit SIC level, the more detailed values were aggregated and
forced to have the same growth as the GPO value. A second scaling
was made for the five broad industry groups as before.

A similar treatment as for wage supplements was applied to
indirect business taxes, CCA, and profit type income (corporate
profits + proprietor income + net interest + IVA + business transfer

payments). The detailed "mover" indexes used here were simply value

125¢e Chapter 6 for a discussion of the Unemployment Insurance
program as a source for this data.
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of shipments. Scaling was then applied at the two-digit and sectoral
level as previously.

The components were then summed for each 200-order industry and
then a final scaling was made to match total GNP, The resulting value
added estimates were then taken to be consistent with BEA table value

added on a Census-SIC establishment basis. The next step was to make

an estimate of the redefinitions in order to be consistent with BEA
methods. The 1967 values for the redefinitions were simply moved
forward by the appropriate industrj value added or in some cases,

to gross output.13

Problems Caused by the Product=to-Product Table

After adding and subtracting the redefinitions, the resulting
value added by sector is then consistent with the BEA establishment
I/0 table. The INFORUM group, however, hés used the published infor-
mation for secondary products by establishments in the 1967 table to
create a "product-by-product" table. At the 484~industry level of
detail, a matrix, M, was constructed for which each element Mij shows
the proportion of product j produced by industry i.

An explicit discussion of the method employed to create the

product table may be found in Chapter 8 of 1985: Interindustry Fore-

casts of the American Economy. We may briefly summarize here. The

underlying assumption in constructing the product-to-product table

13Chapter III contains a more explicit discussion of how the
redefinitions were handled.
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is that each product is made by the same process, no matter what kind
of establishment makes it. Let £ 1 be the vector of purchase of product
i which would exist if each establishment specialized only in the pro-
duct with its same classification. In other words, f { is the transpose
of ith row of the BEA primary flow matrix, (fij = purchase of product

i by establishments in industry j); and py is the transpose of the

ith

row in a pure product-to-product flow matrix.

The assumption of a fixed bill of inputs for each product means
that the amount of any input for each establishment, as shown in the
primary flow table, is a weighted average of the outputs it produces.
explicitly,

£1 = ¥py
The vector py, of course, may be obtained by simply inverting the
M matrix.
(2.1)' Py = M 1

The trouble with this technique is that the resulting pj vectors

1e

will generally have some small negative elements and many small posi-
tive entries, The negative entries are nonsense and must be removed.
The procedure developed by Almon employs an iterative solution to
(2.l)which continually checks to see if a negative entry (for say
industry k) is about to be produced. If so, the claims of those
industries, which, on the basis of the product mix matrix, require
more of input i than establishment k uses, are all scaled down.
Establishment k "gives up" no more of the input than it already is
using, and so negative entries are averted. We may illustrate by

considering a simple four-by-four product-to-establishment matrix.
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Establishment 1 makes both product 1 and product 2; establishment 2
makes only product 2, The primary flow table might look like that

shown in Table 1I-3.

TABLE II-3

Product~by~Establishment Table for Four-Industry Example

Establishment Product
1) (2) 3) (%) FD  Output
Product 1 0 0 0 0 106 106
Product 2 0 0 0 0 175 175
Product 3 1 8 0 9 0 18
Product 4 40 52 10 | 0 0 102
Value Added 100 80 8 93
Establishment |
Qutput 141 140 18 102

Note that since this is a productfby-establishment matrix, the
sum of outputs and inputs for each classification do not have to agree.
However, total outputs for all industries are computed from both the
sum of inputs and the sum of sales do match. The secondary products

matrix for our example is:

M = 1.0 .2 0 0N
0 .8 0 0 \

0 0 1.0 0 ?

\ o 0 0 1.0 /

In this simple case, we have only one instance of an establish=

ment producing a secondary product, so we need not explicitly invert M.,
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Instead, we only have to recognize that establishment 2 produces only
product 2 and thus the input structure for product 2 can be observed
directly. Since 20 percent of product 2 is produced in establishment 1
all we havé to do is subtract from each input cell in establishment 1,
25 percent of the corresponding figure for establsihment 2. The re-
sulting input columns for product l-and 2 in a‘ product-to-product

table would be as in columm A Table II=4.

TABLE II-4

Columns of Product=to=Product Table for Four-Industry Example

A B C

12 102 T2
1 0 0 0 0 0 0
2 0 0 0 o0 0 0
3 -1 10 0 9 0 9
4 27 65 27 65 27 65
vA 80 100 _80 100 79 100
Output 106 175 107 174 106 175

However, we observe here the empirically relevant case of a
small negative entry for product 3 to product 1. The Almon iterative
method prevents this from occurring, and if it were applied to all

rows, ihcluding value added, the results would be as in column B in

Table II-4. The problem with this approach is thatthe sum of inputs for
product 1 is now computed to be 107, whereas, we know from the product-
establishment table that the total output of product 1 is 106 (and

vice versa for product 2). In fact, the Almon procedure in the past



has been applied to only intermediate inputs. The results of this

procedure are shown in the column under C in Table II-4; here the dis-
crepancy 1s taken up in the value added entries. The value added
under this procedure may be termed the "value added of the purified
matrix." This is distinguished from the "purified value added" shown
in columns A and B of Table II-4,

The extent of the difference between these two measures of a
"product value added" is a measure of how good is the assumption of
unique input structures for eaﬁh product. In our simple example above,
the value added per unit of output 2 is 16/35 in establishment 2, in
establishment 1 the value added content of the same product is 17/35
in the INFORUM purified matrix. Of course, one may also assume that
other intermediate inputs rather than value added may be substituting
for the limiting input. The problem here is choosing whether all inputs
may be substitutable, or just a few determined a priori. Furthermore,
the empirical application would become unmanageable, as all rows would
have to be considered simultaneously. For now, we may simply assume
that reaching thé zero minimum for an input means that, on balance,
the value added content of the secondary product is different from
that of the same products produced in their primary establishments.

Fortunately, the difference between the value added of the 1967
purified matrix and the 1967 purified value added were small, except for
a handful of industries. As a result, we simply use the elements of the
purified value added wvectors as extrapolators of the 1967 value added
vectors of the INFORUM table. Once an estimate of the value added
vector is made, the "columm controlé" for the RAS balancing algorithm

are obtained simply by substracting it from the vector of product
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outputs. However, one should not get the impression that the resulting
numbers are immutable, especially not at the first industry detail of the
INFORUM model. The reader will note some restrictive assumptions made
in the allocation of nonwage income below the two-digit SIC‘ievel and also
in the use of a constant 1967 product-mix table. As a result, there is
always a need for using some judgment when actually balancing a table
as large as the INFORUM table.

In hindsight, it seems preferable to pursue the "top down"
approach in constructing the value-added controls for the INFORUM
table. This treats value added for each industry as a lump sum and
makes the reconciliation with the known BEA table much easier to under-
stand. More importantly, however, it is consistent with the only
manageable method of forecasting GPO from the complete model, as we
shall see in the next chapter.

In future work, it is hoped that four-digit Census value added
data may be used for allocations below the two-digit controls provided
by the GPO series. In the "top down" approach, the GPO series would
then serve as indexes of total value added at the two digit level, thus
preserving their known relationship with the 1967 table at this level of
aggregation. In thé next chapter.we assume that such a table has already
been produced. The current 1972 table — balanced to the "bottom up"
value added controls — is probably»not very different from this preferred
table, since the value added controls under the two schemes would differ
only in those industries where the component scaling factors as shown in

Table II-2 were significantly different from unity.
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APPENDIX 2A

DETAILED SOURCES FOR HISTORICAL OUTPUT AND PRICE SERIES

This appendix describes the current and constant dollar output
indexes of the standard INFORUM model. The documentation here contain
a number of revisions to the sources as shown in Appendix 8A, (pp 166-

169) of 1985: Interindustry Forecasts of the American Economy. Each

industry's output, as defined in the 1967 I/0 table, has been extrap-
olated by the series described here.

In constructing the output controls for the U.S. input-output
table, BEA has the benefit of a complete economic census as well as
cooperation by other government agencies. Even with the more recent
census data at hand (for 1972), the amount of effort to duplicate the
BEA procedures would be prohibitive. We must be content with using
more accessible data sources for comstructing our annual output and
price series.

Our primary data is compiled in two of any three categories:

(1) Value current dollar production or revenue, (2) Quantity-—any index
of real output, and (3) Price—a published price index or actual com-
modity price. For certain sectors (e.g., agriculture and mining) output
series are constructed from more disaggregated data for individual com-
modities. In these cases, a Laspeyre quantity series is computed having
the same base year as the current version of the model.

For some series we have been unable to construct completely inde-
pendent measures of output. In these cases, we have made some simplifying

assumptions as to the behavior of intermediate inputs or intermediate



sales to supplement other data. For most service sectors, personal con-
sumption expenditure comprise the dominant proportion of tot#l output.
In the few Service sectors where no independent gross output measure is
available, output is assumed to move proportionately to personal con-
sumption expenditures. For the "dummy" sectors——Business travel, Office
supplies, and Unimportant industries—gross output is distributed among
intermediate users only. The output is computed by summing up the sales
to intermediate buyers, assuming constant 1967 I/0 coefficients (in
value terms) for all buying industries (using those industries known
outputé).

For a handful of other sectors we turn directly to the Gross
Product Originating (GPO) data compiled amnually by BEé. By using
current dollar GPO to extrapolate industry output we, of course, are
assuming that the sum of intermediate inputs is approximately a constant
share of output. We use, as well, the GPO deflator to construct a
constant dollgr series. |

In addition to direct use of the GPO series, we have also made use
of intermediate data compiled by BEA, We have examined the information
" in the GPO worksheets to determine whether the GPO deflator is a direct
output deflator (in which case, constant dollar GPO is a derived figure),
or whether it is an implicit deflator obtained by dividing current dollar
GPO by an extrapolator of real output. We use eithér the direct output
deflator or output extrapolator (i.e., ton-miles of freight) in making
up some of our constant dollar output series. In some cases, BEA com—
piles total revenue data as well, and this provides directly our current

dollar output index.
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Below are the detailed source descriptions by major industry groups.

Agriculture (1-7)

1.

2.

3.

5.

7.

Sector

Dairy Products

Poultry & Eggs

Livestock

Cotton

Grains

Tobacco

Other Crops

Statistical Abstract of the U.S. 1973

(sAUs 73)

Table 1001, "Farm Income - Case Receipts from Farm

Marketings."

Current Dollar Source

SAUS 73 T.1001 - Dairy Products

SAUS 73 T.1001 - Eggs, Broilers

Turkeys & other Poultry

SAUS 73 T.1001 - Hogs, Cattle
Sheep, Wool, Other Livestock
products ‘

SAUS 73 T.1020 - Principal
Crops - Acreage, Production,
and Value" (or Agricultural
Statistics = individual com~
modity chapters) Farm value
of production for cotton

SAUS 73 T.1020 - Farm Value
of production for barley,
sorghum, corn, oats, wheat,
rye, and rice

SAUS 73 T.1020 - Farm value
of production -~ Tobacco

SAUS 73 T.1001 - Oil bearing
crops, Vegetables, Fruits,
..and tree nuts, Other Crops,
+ value of production for

Hay T.1020

Quantity of
Deflator Source

Wholesale Price
Index (WPI) -
Fluid Milk

Prices received
by farmers in
Survey of Cur-
rent Business
(SCB) =~ Poultry
and eggs

WPI - Livestock

SAUS 73 T.1020 -
Total Cotton
production in
pounds

SAUS 73 T.1020 -

Quantity measure

(bushels) of
farm production
for commodities
listed at left

SAUS 73 T.1020 -

production in
pounds

WPI - Fruits and
vegetables -
fresh and
dried



Sector Current Dollar Source

Agricultural Services, Forestry, Fisheries (8, 10)

8. Forestry Products Forestry - Cost of Stumpagel

"Fisheries - Value of Catch
SAUS 73 T.1072, "Fisheries
= Quantity and Value of
Catch"

9. Fishery Products

10. Agricultural
Services

GPO - Agricultural Services,
Forestry, Fisheries

Mining (11-18)
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Quantity of
Deflator Source

Weighted Price for
Stumpage & logs:
Douglas Fir, South-
ern pine, ponderosa
pine, western hem-
lock, oak, maple.
(SAUS 76 T.1160,
"Selected Species-
Stumpage & logs)
1972 weights esti-
mated from Census
of Manufactures

Average price per
pound from same
source as quantity

GPO = Output extrapo-
lator employment
for forestry, de-
flated value of
catch for fisheries

All of the current and constant dollar series for mining were con-
structed by aggregating the individual commodity wvalue and quantity wvalues

reported by the Bureau of Mines. This data is found in the Minerals Year-
book (Table 2 of "Statistical Summary" chapter) or in the Statistical

Abstract of the U.S.

1

Cost of Stumpage

Cost of Stumpage for any year t is estimated by

Cost of Stumpagett =

Total Cost of Materials

x Cost of Materials

Where s is the latest Census of Manufactures data for SIC's 2411, 2421,
2426, 2429, and t is a given year's data taken from the Annual Survey of

Manufactures.
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Below are listed only the individual commodities used in the aggre—
gation for each sector.

Sector Value Quantity
11. Iron Ore Iron Ore Iron Ore
12. Copper Ore Copper Ore Copper Ore
13. Other Nonferrous Bauxite, gold, lead, mercury, Same as for
Metals molybdenum, silver, titanium, value
tungsten, uranium, vanadium,
zinc
14, Coal Mining Bituminous and Lignite, Same as for
Anthractie value
15. Crude Petroleum Crude' Petroleum, natural gas, Same as for
& Natural Gas natural gas liquids, value
liquified petroleum
16. Empty
17. Stone & Clay Sand and Gravel, Stone, Talc, Same as for
Mining Jermiculite, Asphalt, Peat value
abrasive stones, Asbestos,
Cement, Clays, Feldspar,
Gypsum, Lime, Perlite,
Pumice, Salt
18, Chemical & Sodium Carbonate, Sodium Same as for
Fertilizer Sulfate, Sulfur Barite, value
Mining Boron, Fluorspar, Phosphate

Rock, Potassium Salts

Construction (19, 20)

Quantity or
Sector Current Dollar Source Deflator Source
19. New Construction GPO BEA worksheet

(Value—added de-
flator for new

construction)
20 Maintenance & Intermediate via constant BEA worksheet
Repair Con- coefficients (CPI for home

struction repairs)



Manufacturing (21-166)
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The source for current dollar output is the Annual Survey of Manu-

factures data for 5-digit SIC product shipments.

Unpublished 4-digit

deflators from BEA are used to create constant dollar series. These
deflators are primarily derived from the WPI indexes, although BEA uses

a variety of other sources where WPI coverage is weak.

Sector

Current Dollar Source

Transportation (167-173)

167. Railroads

168, Local Transit,

Intercity
Busses

169. Trucking

170. Waterlines

Current dollar revenue -

BEA worksheet

(a) "Intercity Bus Lines -
Summary of Operations" -
Operating Revenue
SAUS 73 T.918

(b) Local tramnsit total
operating revenue (public
& private) - BEA worksheet

(¢) Taxis - Current dollar
operating revenue - BEA
worksheet

SAUS 73 T.883 "Operating

Revenue by Type of Trans-
port" - Motor Carriers of
Property

SAUS 73 T.883 Waterlines -

operating revenues

Quantity or
Deflator Source

Implicit Output
deflator for
freight & Pass-
enger - BEA
worksheet

Intercity Busses
millions of
passenger miles
BEA worksheet

CPI - transit
fares - BEA
worksheet

PCE deflator -
BEA worksheet

GPO deflator

- (Output de-
flator--revenue
per ton-mile
for Class 1
carriers from
ICC)

GPO in constant
dollars [1972
Laspeyre output
index of ton-

miles (and toms)]
171. Airlines SAUS 73 T.918 Revenues of U.S. GPO in constant
Domestic & International dollars
Scheduled Air Carriers, plus
Supplemental Air Carriers



Sector Current Dollar Source

172. Pipelines SAUS 73 T.918 - Pipelines

173. Transportation GPO
Services

Communications (174-175)

SAUS 73 T.803 "Telephone &
Telegraph Systems - Ope-
rating revenues, domestic
telephones & telegraph

174, Telephone &
Telegraph

175. Radio & TV
Broadcasting

SAUS 73 T.810 "Commercial
Broadcast Stations, Number
and Revenues" - total
revenues

Utilities (176-179)

SAUS 73 T.836 "Electric
Utilities = Balance Sheet

176. Electric
Utilities
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Quantity or

" Deflator Source

GPO in constant
dollars (index
of ton-miles)

GPO in constant
dollars

GPO deflator
(implicit de-
flator-Inter—
state rate
index + CPI1
for local rates
+ telegraph
minus ocean
cable rate)

GPO in comnstant
dollars (1972
base Laspeyre
index of Bales
audience trends)

BEA worksheet
(implicit de-

flator for gross
output-industrial
residential, com—
mercial ~ 1972
weights)

and Income Account of
Privately Owned Companies"
= Electric Operating
revenues

BEA worksheet
(implicit de-
flator for gross
output, trans-
mission, distri-
bution - 1972
weights)

SAUS 73 T.845 "Gas Utility
Industry - Summary" -
Revenues

178, Natural Gas

CPI - Residential
Water & Sewer
Services

SAUS 73 T.668 "Summary of
State & Local Government
Finances" - Water Supply
Revenue

179. Water & Sever
Services



Sector
Trade (170-171)

180. Wholesale
Trade

181. Retail Trade

Current Dollar Source

GPO

GPO

Finance, Insurance, & Real Estate (182-185)

182. Banking

183. Insurance

184, Owner-Occupied
Housing

185. Real Estate

Services (176=194)

186. Hotel & Lodging
Places

187. Personal &

Repair Services

GPO - SIC's 60, 61, 67

GPO - SIC's 63, 64

PCE -~ Table 2.6 of SCB
"Personal Consumption
Expenditures + .75 x
Rental Value of Farm
Dwellings

GPO less PCE for Owner-—
Occupied housing

SIC 70 - "Total Rooms
& Meals" - Revenue,
BEA worksheet

PCE
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Quantity or
Deflator Source

GPO - Constant
dollar (weighted
average of con-
stant dollar
sales)

GPO - Constant
dollar (Con-
structed same
as wholesale
trade)

GPO - Constant
dollar

GPO - Constant
dollar (base year
"net ratio" (pre-
miums paid less
benefits written)
times constant
dollar value of
premiums.

SCB T.2.7 Constant
dollar PCE

GPO - deflator

Constant dollar
Rooms & meals
from same
worksheet

Derived from
Table 2.6 SCB



Sector
188, Business
Services

189. Advertising

190. Auto Repairs

191, Movies &
Amusements

192, Medical Services

193. Private Schools
4+ NPO

194, Post Office

Current Dollar Source

GPO - SIC 73

SAUS 73 T.1265 "Advertising

- Estimated Expenditures"
BEA worksheet - receipts of
auto repair and rental
establishments (from U.S.

Bureau of Census)

PCE

PCE

PCE

SAUS 73 T.796 "U.S. Postal

Service - Summary" Total
Rgvenues

Government Enterprises and Dummy Sectors

51

Quantity or
Deflator Source

GPO -~ Constant
dollar (moved
by employment)

GPO deflator,
SIC 73

GPO deflator

PCE deflator

PCE deflator

PCE deflator

PCE deflator
"Postage"

Outputs for these sectors are obtained by using interindustry co-
efficients to estimate intermediate flows.

195. Government Enterprise

197. Business Travel

198, Office Supplies

199. Unimportant Industries.
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CHAPTER III

GPO DETERMINATION BY INDUSTRY

This chapter treats in more detail the method for forecasting total
gross product originating by industry from projected input-output flow
tables in current dollars. That is, we are concerned with the~conceptual
problems and empirical foundation. for the F’-l transformation we discussed
at the beginning of section two of the last chapter. We first provide
some overview as to how this problem is handled in several similar large-

scale input-output models.

i

3.1 Treatment in the CANDIDE and Wharton Models

To motivate our discussion, we shall first examine how CANDIDE, an
econometric model of the Canadian economy with substantial industrial
disaggregation, handled this problem. The CANDIDE project was initiated
in 1970 by an interdepartmental group in the Canadian government. The
model was estimated entirely with annual data and seeks to make medium—
term forecasts of most of the major statistical aggregates published by

Statistics Canada.1

The process of industry output determination is best illustrated
by a chart appearing in the project papers on the CANDIDE model.2 It is

reproduced here as Chart III-1. The first step of this process is the

1M.C. McCraken, An Overview of CANDIDE Model I/0, CANDIDE Project
Paper No. 1, Economic Council of Canada, for the Interdepartmental Com—
mittee (Ottawa, Information Canada, 1973).

2L. Auer and D. Vallet, CANDIDE Model I/0: Industry Output Deter-
mination, ed. Ronald G. Bodkin and Barbara A. M. Young, CANDIDE Project
Paper No. 8, Economic Council of Canada, for the Interdepartmental Com-
mittee (Ottawa, Information Canada, 1974). pp. 5.



CHART III-1

Industry Output Determination in the CANDIDE model
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conversion of 166 mutually exclusive series of final demands by the E
matrix into 84 final commodity demands. The E matrix is termed an
expenditure converter matrix in that it converts final demands from a

~ functional classification (i.e. household goods, amusements, food, etc.)
to a classification showing specific commodity demands. The CANDIDE
model differs from the INFORUM and Wharton imput-output models in that
it employs a rectangular rather than a square input-output table, Thus,
the CANDIDE model adheres to the industry technology assumption; that
is, a heterogeneous industry output is taken to be a stable function of
commodity inputs, as represented in matrix B. This assumption is com~
bined with the notion that the market shares maintained by selling
industries for a given commodity are likely to be more stable than the
product-mix of the selling industries. These two assumptions combine
to provide a link between final demands and gross industry outputs as
represented by the matrix [I-DB]'l.

The initial estimate of real industry value added is obtained by
taking a constant share of gross industry product. A regression adjust-
ment is then made to handle in one fell swoop the problem of changiné
coefficients, This procedure is similar to that originally developed
for the Brookings model and later expanded by Ross Preston in the
Wharton industry model.3 Over time, the coefficients of the industry
technology matrix, (B), may change because of new technology, shifts in

product-mix, or price-induced input substitution. Furthermore, in the

3Ross s. Preston, The Wharton Annual and Industry Forecasting Model.
(Philadelphia: Economics Research Unit, University of Pemmsylvania, 1972),
PP. 1l4-21 :
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CANDIDE framework, errors in industry oufputs may also originate from
shifts in the market shares matrix (B) or the expenditure converter
matrix E. A reduced form approach is undertaken (as in the earlier
Brookings and Wharton models) in lieu of the more ambitious task of
explicitly modeling coefficient changes, Specifically, an auto-
regressive adjustment is made to each preliminary estimate of real

GPO (Yit) which takes the form:

Yit is the National Accounts figure of real gross product origi-

nating for industry i and Y t is an estimate arrived at by feeding

i
series of final demands (f in Cﬁart III-1) through the observed base year
(1961 for CANDIDE, as of 1974) matrices--E, D, and B~-for each period
t. rThe B; coefficient in Chart III;l 1s, of course, intended to account
for secular shifts, and the autoregressive parameters are designed to
pick up cyclical effects. Bodkin labels the results of the procedure
as "reasonably satisfactory," but goes on to say that in some instances
ad hoc solutions are required.

A scheme, as that presented above, to translate final demand com-
ponents of GNP into industry outputs has come to be known as a "bridge"

model, A notable contribution in this area as been made recently by V.

Sundararajan.5 He begins with basic conversion relation X, = C1 8¢

4Rorxald G. Bodkin, "The Use of Input-Output Techniques in"a Large
Scale Econometric Model of the Canadian Economy, (CANDIDE)," 1974, mimeo
PP. 21

3 V. Sundararajan, "A Flexible Coefficient Bridge Mode: Trend-Cycle
Adjustments in Input-Output Analysis," Discussion Paper No. 4: Program of
Research on Prices, Costs, and Wages, Harvard University, 1971.
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where
gt = m x 1 vector of GNP components,
X, =nx 1 vector of GPO by industry, and

-1
C. = [I - DB] DE (in terms of the CANDIDE matrices).

The approach follows naturally from the assumptions that there may

be a set of K economic variables—-wi(t), wz(t), cee wk(t)-which cause
variations in the elements of matrices together comprising C.

Thus,

N

(3.2) Cij(t) = fij (wi(t), wz(t), cee wk(t) + uij(t)

where
uij(t) is a random disturbance term with expected value zero.
Substituting this expression into the basic conversion relation
we obtain

m

(3.3) Xi(t) = j£1 fij

[wy (€5 wy(t), e W (B)] - g, (t) + uy(E).

The procedure is to estimate the parameters of (3.3) subject to

certain a priori comstraints on the conversion coefficients Cij:
(l)cij (to) = fij (wl'(ff';o)’ WZ(tO) ces Wk(to) ) + Uij (to)

where
t, is period for which I/0 tables are compiled, i.e. Cij(to)

are known numbers.
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() ¢y (e) 2 0°

In several of the CANDIDE adjustment equations, for which the
simple autoregressive scheme produced poor results, the Sundararajan
approach was followed by adding additional explanatory variables.
Sundararajan considers a number of variables such as the inventory-
sales ratio, capacity utilization rate, the ratio of defense expendi-
tures to total federal expenditures, as well as linear and quadratic
functions of time, in his regressions of (3.3). Thus, the estimating
form is similar to that used by Preston . (1972), but is derived from
a more explicit economic model.

A notable feature of the bridge models considered above is that,
rather than I/0 coefficients being adjusted directly, the results of
the I/0 computations are adjusted. This would make estimation of
adjustment equations for our purposes a precarious exercise. Somehow
the trends embodied in the INFORUM coefficient change parémeters would
have to be purged from the historical period, and to do so would call
for some sort of ad hoc "backcasting” of I/0 matrices from the current
base, 'and the use of these adjusted matrices as a basis of computing
predicted GPO, But as these matrices are still not the "true" matrices,
the adjustment equations would still incorporate coefficient changes
as well as changes in the market shares matrix, and the effects of

mismatched industry definitions of prices and outputs.

6Sundararajan points out the entries in the columms of C corres-
ponding to change in business inventories and to private fixed invest-
ment may be negative. _op. cit., pp. 16-17.
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Furthermore, in light of the recent sharp rises in energy érices,
we find it increasingly important not to let future coefficients be
dictated on the basis of historical trends. A subétantial effort has
been made to allow coefficients to be changed easily by the model user
or to specify a priori price elasticities., Given the substantial
changes in structure that the coefficient matrix may undergo, the use
of the GPO adjustment approach, especially the simple autoregressive
scheme, is inappropriate.

The CANDIDE and Wharton Models emphasize real gross product
originating. That is, the sequence from final demand to industry

profits is:

(¢ (2) (3)
(3.4) FD => constant dollar => constant dollar => current dollar
gross output .GPO GPO
(4)
=> less wage and = industry profits

non-factor payments

Step (2) is made on the assumption that, as a first approximation,
real gross production originating is a constant share of real gross out-
put. Empirical study with these "real" magnitudes must pay some atten-
tion to how they were derived. Assume that real GPO for a given industry
is derived b& dividing an independent estimate of current dollar value
added (VA), by some value added deflator (PVA), Then, with unchanging

input requirements step (2) takes the form:
(3.5 vat/pvat = vt/pt . B°,

where V is industry gross output in current dollars, P is the output
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price, and B, is the ratio of value added to output in the base period.
If the industry's production requirements (A i j) do indeed remain con-
stant, the

(3.6)vaf = vt - z a® PI Q = Q [Pjt -Za

t
3 13 Pyl

1j
In addition, if the value-added deflator is derived by the "double

deflation" method the equality in(3.5) is assured for

Pt—zag BS :
pva, = 1 17131 4 and B® = [ B - I ay; PO]
t P _%a p° h J i
3712551

The relatiomnship in @.5) may not hold because of the mere fact that

the value-added deflator may not be based on a comprehensive set of
inputs. This is the case in the U.S. national income statistics where
the service inputs are excluded in making up the value-added deflator
in manufacturing. .

On the other hand, (Q.S) may always hold regardless of changing co-
efficients. This would be the case for example in a number of nonmanu-
facturing industries in the U.S. national accounts where "output extrap-
olation" is used to obtain real GPO, Here the GPO deflator is an implicit
deflator, for which no direct price data is used.

Our point is that the methods of construction and statistical
quality of the data going into the comstruction of "real gross product
originating” is important as well as the fundamental coefficient change.

In using the real GPO constraint, as do the CANDIDE and Wharton
models, a value-added deflator is then required to convert to current-
dollar magnitudes as step 3 in equation (3.4)shows. An additional trans-

formation is required in the case of the CANDIDE model to move from the
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VA deflator, a construct of the national accounts, to observed industry
selling prices and final demand deflators. Thus, the decomposition of

gross selling price is made very explicit.

3.2 GPO Determination with the INFORUM Model

Our procedure, as compared to that above, is more straightforward
in that it entirely neglects real gross product originating. In effect,
we construct a table in current dollars from the forecasts of both real
flows and output prices. Value added is then simply output in current
dollars less the value of intermediate inputs.

We defer a discussion of the output price equations until later.
For now, let us assume that a complete vector of output (or selling)
prices exists for each product. OwrF-ltransformation to industry GPO
begins by computing annual value added for each of the approximately 180

products in the INFORUM table:
. bl : - z e
(3.7) VAPj (I:} ? Py .aij) Qj

The input-output matrix changes from year to year as it incorporates
trends in coefficients and any other outside information. We then invoke
the "market shares" assumption as used in the CANDIDE model. As we

stated in the previous chapter, element M,, in our secondary products

ij
matrix shows the proportion of product j p:qduced by industry i. Thus,
we arrive at a vector of industry value added at our detailed sectoring

level by

(3.8) VAI' = M - VAP
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The M matrix Is aggregated from the more detailed 484-level
secondary products matrix that was used in "purifying" the 1967 INFORUM
table. The use of a constant 1967 secondary products matrix introduces
some element of error into the forecast, but should not be significant
when looking at results at a two-digit SIC 1evel.7 The updating of the
table would iuvolvé_a considerable effort in itself and one that leads
to little new economic insight. The updating of the M matrix should
not precede obtaining reasonable value-added results at the two-digit
level.

In the next step, we "undo" the various redefinitions that were
incorporated in the activity base table. Although this step involves
a "secondary products" problem as in (3.8) above, we maintain it separate
for two reasons. First, the redefinitions are not separately identified
in the published table as are the transfers which make up the M matrix.
Second, the "market shares" assumption may not be appropriate for hand-
ling all of the redefinitions. That is, value of amusement receipts by
hotels and lodging places (HO) for example is probably more logically
handled by assuming that it has some (constant) relation to the primary
activity, hotels and lodging places, not some constant share of total
value added of movies and amusements (MA). On the'other hand, we may
wish to invoke the market shares assumption for handling, say, auto
repair (AR). It appears more reasonable to assume that auto repair
performed in service stations may have a more gtable relationship to

total auto repair, than to all of retail trade (RT).

7This does not mean that the results would be unchanged if the

secondary products matrix were collapsed to a two-digit level. The dis-
tribution of the 200-order outputs will still have some effect on the
computed value added by two-digit industry.
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Our procedure is, in effect, to construct a matrix of pairwise
redefinitions. We illustrate by reference to the two cases cited just

above. These would be represented by the following simple equatioms.

VAT' = VAL - «
HO

HO VAIHO

1

A =
VAI AM VAIAM + oy VAIHO

VAI' = VAT _ - VAI
RT RT - %2 "am

VAI' =VAI + o VAI
AR AR 2 AR

Of course, this is represented in matrix fashion by

n
(3.9) VAT' = ( l-a =30 0.0 0.0 ] VAL,
VAI;M = a 1.0 0.0 0.0 VAL
VAI;T = 0.0 0.0 0.0 -a, VAL .
VAILR - 0.0 0.0 0.0 1+, | VAL,

The primed terms represent value added as defined by BEA in the
I/0 tables; the unprimed terms represent the ordinary SIC definitioms.
For the forecast period we assume that the model produced values
(VAL' in equation (3.8) ) are those on the left in equations (3.9). Thus,
we have simply a case of solving the simultaneous system for the umprimed

terms on the right. We may represent this by:

(3.10) VAI = R * VAT'

It is only this vector of value added on the left of (3.10) for which our

series of wage and non-factor payments is consistent. Equation (3.10) is
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solved, in reality, by a Seidel iterative scheme using the “redefined".
value added as a starting point. In our simple example above, there is
no need for a simultaneous solution since the two redefinitions are in-
dependent. In the model, however, there are a number of industries
such as wholesale and retail trade which are subject to more than one
redefinition.

If there is a stable distribution of industry outputs and value
added, the results of going through this procedure will differ little
from ébsorbing the redefintions into a scalar factor for each industry.
Our treatment here is maintained to handle any possible simulations in
which the product distribution might change significantly and to remind
us of one source of the discrepancy between the I/0 table and SIC
definitions of value added.

In the final step, we apply the set of scalar factors at the two-
digit level which we developed in our analysis of value added in the 1967
I/0 table. These are shown in the last columm of Table II-2. If the
table has been balanced consistent with the two-digit controls (and all
prices in(§.7)equal to 1.0), the resulting magnitudes by industry should
agree exactly in the base year with the published GPO figure for industry

GPO, The scalars may be represented by a diagonal matrix, C, and
(3.11) GPO = C . VAI

The use of the scalars is an unattractive procedure but, as in
the Wharton and CANDIDE models, we have not found any way around their
use. Fortunately, our careful study in the previous chapter reveals

that, in reality, many of the umexplained residuals for 1967 table are
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small, The use of the scalars calls for one other calculation, this is

to require
(3.12) U . GPO.=T « VAL whereU=[ 1,1, ....1]

This sum is obviously (private) GNP in current dollars on the
income side. But note that it is not an indepéndent estimate of GNP
as occurs in the statistical reporting of GNP on the product and income
accounts. It follows mathematically through the I/0 system that a
dollar of final expenditures generates a dollar of income. Our task

here is to provide a model of the distribution of this income-—trithin

a dissaggregated industry setting—which will have a feedback into the

level of final demand.
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CHAPTER IV

CAPITAL CONSUMPTION ALLOWANCES

In this chapter we develop a scheme for forecasting capital con-
sumption allowances (CCA) by industry-.1 The CCA estimates made here
are in terms of original cost; total CCA is used to arrive at thg
approximate tax base for the corporate income tax. Furthermore, we
desire CCA at an industry level for calculations of net business income
as a final output from the model. First, we consider the treatment of

capital conéumption allowances In several previous and existing models.

4.1 CCA in Brookings, Wharton, and CANDIDE Models

In considering related work, attention has been confined to coﬁ-
plete models containing some industry detail. The original Brookings
quarterly model contained equations for depreciation in three sectors:
nondurable and durable manufacturing, and total nonmanufacturing.2 In
all three, an average 20-year lifetime is assumed for capital equipment.

In addition, a straight-line accounting method is assumed and so CCA is

1Our purpose is to explain CCA rather than accounting depreciation;
the former includes allowances (estimated by BEA) of accidental damage
and capital outlays charged to current expense. However, these two items
are so small relative to depreciation that we will treat CCA as if it
were entirely depreciation.

2Gary Fromm and Lawrence Klein, "The Complete Model: A First

Approximation,” The Brookings Quarterly Econometric Model of the United

States, ed. James Duesenberry, G. Fromm, L. Klein, and E. Kuh. (Chicago:
Rand McNally, 1965) pp. 706-707.



66

taken as a linear function of the preceding 80 quarters of gross invest-
ment. Dummy variables for both the slope and level were introduced to
reflect the accelerated depreciation practices first allowed in 1954.

The equation for durable goods manufacturing was3

80
(4.1) DPN , = - .2165 + .02501 T INV 4
¢(.0081) (.0024) 1=l t-1

+ .6404 DMYS4 - .0126 J(oms4)[ 0 1w
(.0147) (.0003) i=1 L

where
DMY54 = 0, 1948:1 through 1955:1

= 1, thereafter and

DPN and INV are national accounts. CCA and business groww investment in
plant and equipment in the durable goods sector.

Apar; from the high degree of aggregation for our purposes, the
assumption of a twenty year lifetime is restrictive. Morevoer, in the
long run, accelerated depreciation is treated just as a decrease in the
straight-line rate.

The CANDIDE and Wharton annual models employ both observed values
of depreciation and investment in their specificiations. An undepreciated

balance (UB) figure is constructed from the identity,

’

UB, = UB,_; + INV, - CCA_,

3bid., pp. 706
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A regression of CCA on this stock (UB) is then performed with the in-
clusion of constant and slope dummy variables for changes in tax laws.
In the derivation of UB for a given year, new investment is included for
that year as if it were depreciated during the entire year. The CANDIDE
equation for agricultural CCA indicates a depreciation rate of about

seven percent. 4

(4.2) AGCCA = 126.42 + .07494 AGUB
(22.0) (20.0)

+ 4.4668 . DCCA - .00944  (DCCA*AGUB)
(4.0) (2.2)

R = .99 DW= 2.31
where
AGUB = undepreciated balance for agriculture

DCCA = 0 for t. <1956

= 1 for t > 1956

This procedure has an obvious advantage of not requiring a priori

assumptions about effective tax lives.

4,2 Data Problems and Preliminary Approaches

The scheme finally developed to forecast capital consumption allow-

ances in the integrated model is more consistent with the accounting

H.E.L Waslander, CANDIDE Model 1.0: Sector Incomes and Government
Revenues, CANDIDE Project Paper No. 13, Economic Council of Canada, for
the interdepartmental committee (Ottawa: Information Canada, 1974),
pp . 16_22 .
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features of the U.S. tax laws than either of the approaches above. The
industry detail of the INFORUM investment equations is fully utilized
to maintain separate equipment and structure stocks for 36 industrial
categories. A combination of double declining balance and straight-
line practices are used together with ;ssumed equipment and building
lives. A set of trend adjustment equations is employed to correct

for company-establishment discrepancies and the errors in the assumed
lives and accounting practices.

We postpone a more complete discussion of the final method used
until Section 4.3. A brief review of two alternative approaches points
out the serious problems one encounters when analyzing "industry" CCA.

An attempt to implement the undepfeciated balance approach of the
Wharton and CANDIDE models gave very poor results. A basic problem is
the inconsistency of the sources for industry investment and capital
consumption allowances. Although the CCA items in the GPO series
purports to be "establishment" CCA, the results of this approach showed
that for many two-digit manufacturing sectors the CCA series could not
possibly have been generated by the establishment investment stream
observed. In several industries, the CCA series was rising at the
same time that the undepreciated balance was falling; of course, un-
reasonable depreciation rates emerged from the regressions. The addition
of dummy variables for the introduction of accelerated depreciation
methods in 1954 and the shortening of equipment lives in 1962 did nothing
to remedy this problem.

This procedure can only be valid if the industry classification

is the same for both investment and depreciation series. In our efforts
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just described, we implicitly assumed that company~to-establishment re-
allocation adjustment of the CCA item by BEA would be consistent with

the establishment investment data used to create the book value capital
stocks. Unfortunately, it became obvious that for a numbér of industries
the reallocation of IRS depreciation totals by the company—-establishment
employment matrix did not succeed in moving the CCA to an establishment
basis. We have to temper this criticism by noting that our census in-
vestment data for manufacturing applies to operating establishments only
and omits plants and equipment expenditures for central administrative
offices and auxiliaries (CAO's). The CAO category includes most obviously
office buildings, but also central warehouses, and research and labora-
tory facilities. In 1963, the investment for CAO's (and Auxiliaries) in
manufacturing was $457 million, about four percent of the total for
operating establishments.5 However, this is probably not enough to
account for the difficulties encountered here.

Tables IV-1 and IV-2 give a rough idea of the classification problems
for the investment and CCA series. Im Table iV-l we compare for two-digit
penditure (NPE) data of the BEA-SEC survey with the Census and Annual
Survey establishment data for 1967 and 1971. The most obvious discre-
pancy is in petroleum, where the NPE investment expenditures include
the various drilling, transportation, and retailing activities of the

integrated oil companies in addition to the refining expenditures

5U.S. Bureau of the Census, Enterprise Statistics, 1963. Part 2
Central Adminstrative Offices and Auxiliaries, (Washington: U.S. Govern-
ment Printing Office), pp. l4.




COMPARISON OF NPE vs.

Total Manufacturing

Food & Kindred Products
Tobacco

Textile Mill Products
Apparel

Lunmber & Wood Products
Furniture & Fixtures

Paper & Allied Products
Printing & Publishing
Chemicals & Allied Products
Petroleum Refining

Rubber & Misc. Plastics
Leather & Leather Products
Stone, Clay & Glass Products
Primary Metals

Fabricated Metal Products
Machinery, Except Electrical
Electrical Machinery

Transportation Equipment,
Except Motor Vehicles

Motor Vehicles

Instruments

* NP = Not Published

TABLE IV-1

Annual
Survey

20947
2245
94
873
342
716
196
1197
942
2938
1304
724
69
928
2198
1043
1696
1399

476
782
393

1971

CENSUS INVESTMENT

RPE
29990

2690

610

1250

3440
5850
840

850
2780

2800

2140

620

1510

2 Source: Survey of Current Business, January 1970

Census

- 21503
1730
53
733
208
426
198
1585
788
2936
956
677
62
821
3057
1118
1868
1483

952
870
392

70

1967

NPE
28510
2080
120
680
230
390
200
1560
870
3060
5080
670
90
960
3240
1100
2940
1700

1170
1540
530



TABLE  IV-2

Corporate Capital Consumption Allowances on Entsrprise vas. rstatlishment Basis

1967 1971
Enter- Establish= Enter-  Establish-
prise ment prise ment
1. Agriculture, Forestry, & Fisheries 365 355 515 515
2, Metal & Mineral Mining 4564 - 595 525 604
3. Crude Petroleum & Natural Cas 618 2305 733 2637
4. Contract Construction 1264 1260 1854 1850
5. Food & Kindred Products 1649 1558 280 28
6. Tobacco Manufactures 70 70 175 175
7. Textile Mill Products 534 460 2 707
8. Apparel ) 184 s a9 185
9. Lumber & Wood Products 362 355 557 509
10. Furniture & Fixtures 119 111 T 145 135
11, Paper & Allied Products 835 ' 944 1049 1181
12. Printing & Publishing 576 558 830 783
13. Chemicals & Allied Products 2052 2067 2833 2783
14, Petroleum Refining 3219 962 T 4033 1286
15. Rubber & Misec. Plastics } 410 397 652 662
16. Leather & Leather Products 67 58 79 60
17, Stone, Clay, & Glass Products ) 756 738 931 965
18. Primary Metals 2321 2353 2572 T 2723
19, Fabricated Metal Products ) 870 848 1116 1014
20, Machinery Excapt Electrical 1693 1711 2760 - 2868
21. Electrical Machinery 1121 1038 1976 1942
22. Trmpo::acion Equip. & Ordoance 752 859 1248 1329
23. Motor Vehicles ’ 1384 . 1148 1597 1133
24. Instruments 441 389 503 346
- 25. Misc. Manufacturing Industries 158 20 258 244
26. Railroads 1443 15438 1615 1609
27. Trucking & Warehousing 825 825 1193 1193
28, Air Tramsportation on 971 1430 1430
29, Other Traasportation 938 931 1002 995
30. Cun;mn:l.cationa 2540 2441 4531 4391
31, Electric, Cas & Sanifary Services 3603 3551 5317 5261
32. Wholesale & Retail Trade 3819 4840 5714 7249
33. Real Estate 2219 2172 2527 2476
34, Hotels & Other Lodging Places 424 424 532 532
35. Medical & Educational Scrvices =08 43 754 75+

34, Finance & Other Scrvices 3904 3923 7566 6439
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included in the Census of Manufacturers. Even aside from this industry,
there are substantial differences in the food, primary metals, machinery,
and motor vehicles sectors.

Table IV-2 shows the 36 sectors chosen for this study andqthe .
capital consumption allowances on an enterprise basis (Table 6.18 of the

July issue of the Survey of Current Business) versus the reallocated CCA

appearing in GPO by industry. The most drastic revisions take place

again in the Petroleum Refining and Crude Petroleum and Natural Gas
industries. The most obvious problem that Tables IV=1 and IV=2 might
indicate are in the machinery and motor vehicles sectors. The depreciation
in a given year is a function of a long lag of previous investment, but a
single year comparison at least gives a rough idea of the data incon-
sistencies. For three industries, enterprise/establishment ratios

(EN/ES) for investment and CCA are given below.

Enterprise/Establishment Ratios

1967 1971
INV. CCA INV. CCA
Non-electrical Machinery 1.573 .989 1.651 .962
Electrical Machinery 1.146 1.080 -1+.530 L.018
Motor Vehicles 1.770 1.205 1.935 1.409

As we mentioned earlier, our investment figures do not include
expenditures for CAO's but the ratios for these three industries indicate
that the establishment CCA is still tophigh for a reasonable estimate of
establishment investment. In Section 4.3, a more careful analysis i§

made by generating a CCA series from the historical investment data.
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The only consistent method of applying the undepreciated balance
procedure would be to use the NPE investment data and the BEA company-
classified CCA series. The Wharton model uses the NPE data for its
investment equations but appears to be forecasting GPO reallocated
capital consumption allowances. If the CCA equations have been esti-
mated using these two sources, there is, of course, a probable bias in
the estimated depreciated rates in a number of industries.

This use of company based data may be the most satisfactory for
forecasting CCA but has a number of drawbacks in relation to the com-
plete model. The most obvious is that the inpﬁt-output structure is
framed in terms of establishment data and that a rather substantial,
and ultimately arbitrary, scheme would have to be devised to generate
the appropriate output variable for use in a company-based investment
equation. Any future work involving substitution between labor and
capital would be ruled out if capital stock were on a company rather
than establishment basis. Furthermore, the BEA-SEC survey generally
does not sample below the two-digit SIC level, nor does it provide a
breakdown between plant and equipment. Finally, a goal of this study
is to forecast the components of gross product originating by industry.
The CCA item in industry value added may not be the most satisfactory
from our point of view or even from that of the people constructing it.
Nevertheless, it 1s a construct, like a number of others in the account,
with which we shall have to live. Although our simple accounting scheme
for generating an undepreciated balance may not be consistent with the
CCA data at hand, there may, none the less, be a reasonably stable
functional relationship between the establishment investment and GPO

capital consumption allowances.
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N

The Wharton and CANDIDE procedure in its original form immediateiy
points out the data inconsistencies, but in fact, we anticipated such
problems at the initiation of this study. As a result, a first effort
was made to gemeralize undepreciated balance procedure to simultaneously
estimate the depreciation rate, initial stock, and a bridge factor to

reconcile the data series. We define the following symbols:

Stocki £ Capital stock remaining in year t for investment made
?
in year i.

INV_ = Investment for year t.

DEPit Depreciation in year t on investment made in year i.
DA, = Dummy variable for accelerated depreciation practices.
DA = 0 for 1947-1953
= 1 for 1954-1972
LIFE, = Factor to account for shortening capital tax lives.
(= 1 in 1961).
CCA_ = Predicted value of CCA in GPO series
Bl = Initial stock (for 1946)
B2 = Depreciation rate for pre-1954 investment.
B3 = Coefficient for accelerated depreciation practices.
B4 = Scale factor to account for data inconsistencies.
R, = Effective depreciation rate:

Ry = (B2 + B3 * DA ) /LIFE

Estimation was made by means of a non-linear (Marquardt) regression

routine for which initial guesses for Bl through B4 were required.6 With

- '
The Marquardt algorithm was taken from Optimization Techniques with
Fortran, James L. Kuester and Joe H. Mize (New York: McGraw~Hill, 1973).
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a given estimate of the initial 1946 stock, the capital stock and CCA
predictions may be represented by the following schematic:
Sf:oc.ko = Bl t=o0 (1946)

— Stockt’t = INVt (If t=1, St:ockt = St:oc:k.o + INVt)

If (t = 1962) R, = 1.15 * Ry for all 1

t= 1’ 2;.
26 DEP = R, * Stock
(1947-1972) iL,e 1 1.t
StOCki,t = Stocki’t»- DEPi,t fori=1, 2..t

- t
—=> CCA, = B4 - igl DEPi,t

As anyone familiar with FORTRAN may know, this scheme represents
a nested pair of DO loops. At the top of the outer loop, the current
year's investment is put into the capital stock for that year. Next,
the depreciation (DEP) 1is calculated for all the stocks up to and in-
cluding that year, each using its own depreciation rate. At the bottom
of the outer loop the sum of the depreciation for all vintage stocks is
multiplied by a scalar to predict the CCA for that year.

For the Marquardt regression routine, the above simply represents

a non linear function:
(4.3) cCA, = F (B1, B2, B3, B4, INV, LIFE, DA)

The program takes initial guesses for B's and improves upon them

iteratively using a modified Gauss—Newton algorithm.

E]
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The handling of the changes in depreciation practices was inspired

by a 1968 BEA study of aggregate corporate depreciation allowances.7

A
major finding of this study was that between $6.5 to $9 billion of the
1966 total corporate CCA of $46 billion was due to the liberalization

of depreciafion practices since 1940. This study used a perpetual
inventory method to sort out the quantitative effects of four changes

in depreciation laws and practices: (1) 60-month amortization of defemse
facilities, (2) introduction of accelerated depreciation formulas,

(3) shorter equipment lives promulgated by the 1962 Treasury Guidelines,
and (4) a gradual shortening of service lives prior to 1962. The BEA study
made a close approximation of reported corporate depreciation by starting
with an estimate based on straight-line depreciation Bulletin F (1942)
service lives and then adding one-by-one the estimates due to each of

the four factors listed above.

The following assumption as to the shortening of service lives

gave the best approximation in the BEA Study:

Percentage of Bulletin F Lives

1940 100 1957 75
1945 94 1960 75
1950 88 1961 78
1955 77 1962 64

7Allan H. Young, "Alternative Estimates of Corporate Depreciation
and Profits: Part I," Survey of Current Business (Vol. 48, No. 4),
April, 1968, pp.l7-28.
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This schedule was incorporated into our estimates for each industry
by rebasing to 1961. The index is LIFEt, which goes into the effective
depreciation rate.

The effect of the 1962 Guidelines was approximated in the BEA
study by reducing the equipment service lives by about 15 percent.

This applied not only to new equipment but also to existing equipment.
Rather than introduce a dummy variable for the Guidelines into the
estimates, a simple increase of ten percent was made to all the effec-

tive depreciation rates, R The index in LIFE was left at its 1962

4
value for the remainder of the estimation period.

The effect of the liberalized depreciation formulas (double~
declining balance and sum~of-the-years-digits) first allowed in 1954
is more difficult to specify a priori. Part of the problem is that
acceptance of the new method was gradual Qnd undoubtedly differed among
industries. For this reason a dummy variable (DA) was used to capture
any increase in the effective rate due to the new tax code. Note that
the dummy affects only the investment made in 1954 and after.

The 60-month amortization provision for defense facilities was

ignored. It was discontinued in 1959 and affects only a few industries.

Results

In spite of providing a good bit of a _priori information directly
into the estimation procedure, equation (4.3) demanded still too much
from the data available. Although extremely good fits were obtained
for all but a handful of industfies, the parameﬁer values were often
not well determined. In the two~digit manufacturing industries whose
equipment lives were similar, the depreciation rates may have had a

difference of .10 to .15. Some industries insisted on having a zero
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initial stock while the coefficients on the accelerated depreciaition
dummy were arbitrary at best. The scale factors (B4) were most dis-
concerting. Left unconstrained, some were ag high as 4.0 or as low
as .10.

N It soon became obvious that our specification was subject to the
counterpart of severe multicollinearity in a standard linear regression.
As a result, an attempt was made to impose more outside information into
constraining the parameters. An upper limit of .08 was set for B3 and
3.0 for B4. Lower limits for B2 were set by taking the reciprocal of
the 1962 guideline equipment lives used in the INFORUM investment
equations. This salvage effort still produced equations which fit the
data well, but left the parameters against limits which could not be
justified. For 21 manufacturing sector regressions, trials with total
investment — and with equipment investment only — produced different
scaler factors (B4) but about the same industry variance in depreciation
rates In those sectors with similar equipment lives,

A basic problem, of course, was how to specify a priori, a single
depreciation rate which would reflect changing depreciation methods, tax
lives, and the mix between structures and equipment investment. In
addition, the comparision in Tables IV-=1l and IV-2 provide only a rough
guide as to what limits to set for a scalar to account for the classifi-
cation problems. As a result we turned to a simpler econometric procedure,
described in the next section, but one which gemanded far more information

on our part.

4.3 Forecasting CCA in the Integrated Model

In view of the results obtained in the previous section, we

reluctantly turned to a procedure similar to the 1968 BEA study conducted
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by Allan Ybung.8 This procedure has now become a permamnent fixture

of the national income accounts in the BEA attempt to measure true
economic capital consumption allowances. Our effort here is restricted

to forecasting CCA at historical cost (which approximates IRS depreciation
allowances) for use in deriving the appropriate tax base for corporate
income taxes.

The procedure involves construction of vintage book value stocks
and computing a CCA by using a mixture of straight-line and double de-
clining Lalance methods. The logarithm of the ratio of reported GPO
industry CCA to this computed CCA is then regressed on time.

The analysis here differs in a significant respect from the 1968
BEA study. That study.was a part of a more comprehensive investigation
ofvcorporate profit rates resulting from alternative depreciation
measures. As a result, the emphasis was to identify investment by
corporations regardless of industry classification. In the INFORUM
model no distinction is made betﬁeen corporate and noncorporate activity,
but substantial industrial disaggregation is present in manufacturing.
Unfortunately, the paucity of data sources relating to investment by
finance, trade, and services made it impossible to preserve the two-
digit industry detail of the 50 sector mode; in these areas. A 36-sector
aggregation was chosen which matches as closely as possible the available
investment sources to the group of industries for which most of the tax
depreciation appears. A full description of the data sources used is
shown in Appendix IV-4. A list of titles may be seen in Tables IV-2 or

IV"'S ]

8mbid.
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Data for manufacturing are not difficult to find; expenditures (for

new equipment and structures) for 21 industries are taken directly from

the Census (and Annual Survey) of Manufactures. For a number of nonmanu-

facturing sectors, —— namely Electric and Gas Utilities, Communications,

Railroad, and Agriculture — Construction Reports (CR) provides direct

data for structures. The remaining consiruction categories available from
the National Accounts or CR are difficult to classify on an industry basis.
Rather than make arbitrary splits of the categories, we have aggregated
our two-digit CCA sources, and made the most probable match. A similar
problem exists for equipment as well. The INFORUM model has a rather
large residual category — Finance and Services — to which about ten
percent of total equipment purchases is allocated. We take out of this
category Hotels, and Medical and Educational Services, on the assumption
that the construction expenditures only for these industries may adequately
explain CCA.

"Base" tax lives were established for each equipment and structure
category. For equipment, we used the average 1962 Guideline Life for
each two-digit or broader group. For structures, we used instead the
result of a survey taken by the Office of Industrial Economics in the
Treasury Department on the depreciation practices of owners of non-farm,
non-residential buildings for the 1954-1969 period.9 Generally, these
results showed somewhat shorter lives taken on structures than those in

the 1962 Guidelines.

9Business Building Statistics, Office of Industrial Economics,
U.S. Department of the Treasury, August 1975,
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In the period prior to 1962, the tax lives for equipment were shown
gradually shortening according to the BEA schedule used previously. To
account for the shortening of equipment lives with the introduction of the
ADR (Asset Depreciation Range) system in 1971, equipment lives were
shorteﬁed by 10 percent in 1971 and 20 percent in 1972. Lives for struc-
tures were left at the base figure for the entire period.

Specifying the percentage of new investment depreciated by the
accelerated methods is a matter of some uncertainty as well. The IRS
collected some data on corporation tax returns in the late 1950's and
the early 1960's as to the type of depreciation methods being used. BEA
used this data to construct a slowly rising ratio of accelerated-to-
straightline for 1954 through 1964. They also found that the double
declining balance (DDB) method gave nearly the same approximation as
use of sﬁ&hofkthe-years—digits. Accordingly, we used the double~declining
balance method only for all the investment depreciated with the accelerated
methods.

The BEA schedule for DDB/total was used for equipment only.

Business Building Statistics, the study referred to above for structure

lives, indicated that over sixty percent of new office and retail build-
ings purchased between 1954 and 1969 were depreciated with the straight-
line method. With little other firm statistical basis, we used this
result for other structures as the standard. The ratio of DDB/total was
moved fr;m 10 percent in 1954 to a maximum of 40 percent in 1972. These
ratios are shown under the heading "Std" in Table IV-3.

Having made assumptions as to tax lives and depreciation practices,
one(further problem at this level of industry detail, is obtaining reason-

able initial stocks. Equipment presents no difficulty since by about 1960
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TABLE IV-3

Accelerated Depreciation Assumptions for CCA Study*

Year Equipment Structures
Std. Alt. Std. Ale.
1954 .31 .31 .10 .10
55 .43 .43 .12 .10
56 , .54 | .54 .14 .15
57 .66 .66 .16 .20
58 .71 .71 .18 .25
59 .75 .75 .20 .30 .
60 .79 .79 .22 .35
61 .84 .80 .24 .40
62 .86 .80 ' .26 .45
63 .86 .80 .28 .50
64 ' .87 .80 .30 .50
65 .87 .80 .32 .50
66 .88 .80 .34 .50
67 .88 .80 .36 .50
68 .89 .80 .38 .50
69 .87 .80 .40 .50
70 .90 .80 .40 .50
71 .90 .80 .40 .50
72 ’ .90 .80 .40 .50

* The numbers shown are the percentages of new investment assumed to be
depreciated by accelerated methods.
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most of the investment made prior to 1947 has been written off. For
structures we relied on benchmark totals for manufacturing and non-
manufacturing nonresidentual structures computed by BEA, Initial stocks
were taken as the 1946 undepreciated book values (gross stocks on books
less accumulated depreciation). The manufacturing value was prorated to
the two-digit level on the proportion of structure investment made in
the years 1947-1949 for each two-digit industry. Prorations for non-
manufacturing were made on the basis of the accumulated sums of invest-
ment from 1929 through‘1946 as reported for each of the majof structure
categories (i.e. utilities, railroads, telephone and telegraph, etc.)

in Table 5.2 of the NIA.

With estimates of initial stocks in hand, estimated CCA was computed
for each of the 36 sectors. Depreciation for a given year was calculated
on the basis of the previous year's stock plus new investment for the year.
Thus, it assumed that investment is made at the beginning of each year.
Vintage stocks are, of course, required for treatment of straight-line
depreciation. Vintage stocks were maintained as well for equipment in-
vestment depreciated by double declining balance. When the computed DDB
depreciation on a particular vintage stock fell below that for straight-
line, the remainder of the net book value was depreciated by the straight-
line method as allowed by IRS. For structures, we approximated a true
DDB method, by making the net stock decline exponentially at twice the
straight-line rate (2/Life).

Before considering the adjustment equation for the individual
sectors, we check the overall consistency of our data and assumptions
on the basis of some aggregate calculations. Table IV-4 shows the sum

of the depreciation computed from the above procedure for the 36 sectors




TABLE IV-4

Aggregate CCA Simulations

(1) (2) (3) (4) (5) (6)

Actual (std.) Ale.l Alt.2 Alt.3 Alt.4
1962 50.0 47.1 49.9 48.0 47.8 49.3
1963 52.6 51.0 52.4 52.2 51.9 53.4
1964 56.2 55.1 56.4 56.5 56.0 57.6
1965 59.9 59.1 60.1 60.6 60.0 61.4
1966 64.1 63.8 65.7 65.3 64.7 66.5
1967 69.0 68.7 70.5 - 70.2 69.5 71.6
1968 74.6 74.1 75.6 75.7 74.8 77.1
1969 81.4 80.1  8l.4 81.6 80.6 82.6
1970 87.2 ' 84.6 86.2 85.9 85.0 86.7
1971 93.7 90.3 92.3 91.6 90.7 92.8
1972 102.9 99.3 103.0 100.6 99.6 102.7
AAPE* 1962-1972: 2.8% .9% 2.0% 2.1% 1.92

* Average Absolute Percentage Error

Standard (1): Standard lives and assumptions on accelerated depreciation
(See Table IV=-3)

Alternative (1): All equipment lives reduced by twenty percent.

Alternative (2): Alternative accelerated depreciation assumptions, for
for structures, See Table IV-3.

Alternative (3): Same as Alternative (2) but with alternative assumptions
for DDB for equipment in Table IV-3.

Alternative (4): Equipment lives reduced by ten percent and alternative
DDB assumptions for structures.
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with the BEA published values for 1962-1972. Column (2) shows the
computed depreciation on the basis of 1962 Guideline lives and the
"standard" assumptions regarding the proportion of investment using

the accelerated depreciation method. The results indicate that at an
aggregate level, at least, our direct approach yields a reasonably
satisfactory approximation to actual CCA, although there is some tendency
for underprediction in that last few years.

An unsuccessful effort was made to identify the source of the
underpredictions from 1969-72. Obviously, behind the aggregate results
are a large number of assumptions to which we resorted in lieu of direct
evidence. Some alternative runs were made to test the sensitivity of
the aggregate results with regard to the depreciation methods and tax
lives., Columm (3) of Table IV-4 shows that we may achieve a very good
fit to the aggregate CCA by simply reducing all equipment lives by 20
percent for every year.

Shortening equipment lives by a full 20 percent seemed drastic;

a more logical source for error are the assumptions regarding the pro-
portion of investment depreciated by the accelerated method. Alter-
native 2 of Table IV-~4 shows the total CCA by using the alternative
schedule of DDB for structures as seen in Table IV-3. This difference
adds on the average a little over a billion dollars a year for the
thirteen years in the simulation. Alternmative 3 in column 5 is identical
to alternative 2, except for the substitution of the second schedule for
the DDB proportion for equipment in Table IV-3. This schedule assumes a
maximim of only 80 percent being depreciated with DDB, as compared to

the standard 90 percent. The net result of alternative DDB schedules

together is a CCA stream slightly higher than the standard.
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Alternative 4 combines alternmatives 1 and 2; it uses the second
DDB schedule for structures and redﬁces all equipment lives by ten per-
cent. The results are shown in column 6 of Table IV-4. The results
are still not as good as the straight reduction in equipment lives, but
are reasonably satisfactory.

It is obvious that this game may be played ad infinitum. At this
juncture, however, our stopping point is alternative 4. Table IV-5
presents the results for the individual adjustment equations on the
basis of the assumptions used for altermative 4. For this version of
the model, the adjustment mechanism has been restricted to a simple
trend. Thus, the specification used is: .

CCA
log 1/C€Ai =a+b * Time (1960 ~ 1972)

where
CCAy is actual CCA in industry i in the GPO series, and

C&Ai is predicted CCA on the basis of our assumed lives, deprecia-
tion schedules, and investment series for alternative 4 above.

Time is set to a value of zero for 1972 so that the scale co-
efficient (a) indicates the predicted ratio for 1972. The summary
statistics (RZ, S.E., and DW) have been recomputed on the basis of the
level of CCA, rather than the ratio, CCA/ G The first two columms in
Table IV-5 give the 1972 equipment and structure investment used;
column 3 is the actual CCA in the sector. The next two columns are
the 1962 lives assumed for the sector.

In some sectors, a constant trend adjustment seemed inappropriate

for forecaéting purposes upon examination of actual-predicted ratios.
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AGRICULTUREs FCRFSTRYe & FISEH
MCT AL AND MINCRAL MINING
CRUDE FETRCLEUYN & NATURAL CGAS
CONTRACT CONSTRUCT ION

000 AND KINDRED PRODUCTS
TCRACCC MANUFACTURES

TEXTILE MILL FRODUCTS

APP AR=L
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TUINITURE AND FIXTURES
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RUBBTR AND MISC. PLASTICS
LEATFEF AND LEATHER PROCUCTS
STONEs CLAYe B GLASS PRCDUCTS
o3I M ARY METALS :
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MAHINERYs EXCEPT ELECTRICAL
ILZSTIICAL MACHINERY

TRANS. EQUYF. 8 CRDNANCE
MCTOR VEHICLES

INSTRUMENTS

MIST. “ANUFACTURING

RAILRCADS

TRUCKIKEC ANC WAREHOUSING

AIR TRANSPORTATION

CTFFR TRANSFCRTATICN

COMMUNY CATIONS

SLECTRICy GASy AND SANITARY
WHOLESALE AND RETAIL TRADE
REAL ESTATE

HOTELS & OTHER LODGING PL ACES
MEDT CAL ® EDUCAT TONA.L SERVICE
FINANCE AND OTHER SERVICES

72 EQP

5583 .0
1002.5
1246 .5
3355.7
1752.1
80.3
9039 .5
261.5
EE4 .8
200.93
1131.1
801.1
2244 .1
529.1
783.5
55 .9
966 .6
1772.3
1227.2
L46b.1
1147.5
37€,.1
1923.5
325.7
220.7
1445 .0
794 .4
2460.0
0
8607.0
7761.0
9351.3
o0

<0

-0
14448 .8

72 SIR

1291.C
1397.5
2151.0
.0
603.0
52,9
218.0
102.0
266.2
105.1
203.9
245.9
4812.9
624.9
244,0
te.l
2294
38847
323.0
441.9
295.0
120.0
172.0
154.3
96.3
355 .0
.0

.0

705 .6
2393.0
9239.0
4239,0
50275.C
2134.0
4813.0
11371.0

TABLE IV-5

CCA ADJUSTMENT EGUATIENS

72 CCA

715480
736.0
3305.0
3025.0
2219.0
129.0
738.0
224 .0
784 .0
157.0
1278.0
827.0
3197.0
1277.0
655.0
E2.0
1106.0
2687.0
1078 .0

2962.0

2410.0
1070.0
1624 .0
392.0
290.0
1674 .0
2087.0
1438.0
1170.0
5564 .0
6225.0
10380.0
21584 .0
1092.0
2356.0
9291 .0

LIFE

LIFE

25
25
25
(]
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
35
s
35
35
15
35
30
o
o
35
35
35
35
40
35
40
40

SCALE

1.112
.397
ESLATICN
.949
1.267
2.730
ESUATION
EQUATION
1.302
<265
EQUATINN
1.146
t.076
1.786
EQUATION
tell?
1.180
1.118
+964
1.808
1.623
1.897
1.330
1.207
1.177
.210
2.677
EQUATION
1.405
.676
.825
.984
1.298
1.236
1.217
548

(T-valL)

€ 8.431
(26.67)
REPLACED
( 1.33)
(10.09)
(33.79)
PEFLACED
REPLACED
( 8455)
{ 4.05)
REPLACED
( 3.87)
( 2.02)
{ 8.48)
REPLACED
€ 2.06)
{ 3.68)
{ 3.67)
{ 1.24)
(16.30)
(11.79)
t10.511
{ 5.49)
{ 4.19)
{ 3.01)
{ 3.85)
(23.351
REPLACED
(204171
£14.83)
(21 .14
t 1.01)
(42 .41)
{ 5.94)
(11.29)
124 .63 )

TFEND (T-VaAL)
«C24 (13.8F)
'0017 ‘ 3."9‘

BY AVE. FCR LAST
«020 { 3.72)
~o002 ( 500
«0f3 ( 2.19)

EY AVE. FCR LAST

BY AVE. FOR LAST
«CC2 ( .38)
~.032 [ 6.40)

BY AVE. FOR LAST
oCLT § .29}
-.Ce ¢ 1.221
<036 ( 3.76)

BY AVE. FOR LAST
-.CC7 ‘ .95,
-oCl0 ( 1.61)
'0029 ‘ 5073’
~«CC3 ( €9
«023 ( 4.53)
<046 ( 7.851
«Cl3 1 1.5C}
+ClO0 1 1.38)
~s0C3 .45
-e0l12 ( 1.52)
«L26 ( T.58)
-oCHT ( 7.88)

8Y AVE. FOR LAST
«Cl3 ( 5.38)
«023 U 6.0%)
-e820 (15.64)
~oTl4 ( EL1E}
‘QCC“ ' ‘l.l!!
~e@3 [ 4529
-~«043 (17.27)
<024 { 7.C9)

RSE

«991
«7T13
4 YEARS
«215
<366
«358%
4 YEARS
2 YEARS
«962
+ 880
4 YEARS
«94Y4
«S 42
- 888
4 YEARS
2 7CQ
«BE1
«363
«248
«951
«373
«89F
«8817
«947
« 771
<968
«9C3
4 YEARS
«381
«3380
-938
«388
.998
922
«981
.983

Sete.

124.0
JBe 4
«S07
175. 4%
T4e @
7.6
1.037
«786
3C.2
3.6
«397
§2.7
143.3
109. 3
1.036
563
7C.2
102.2
8.7
149.7
1C2. 1
11C.8
1C1.€
22.2
21.7
§2.8
119.2
«553
0.8
196. 8
€0.3
213.8
181.E
5%.2
54, 9
276.3

CW

1.437
2.114%

«910
1l.316
1.C83

1.969
2,395

1.18C
«8CC
«503

1.587
«72C
398

1.302

1.454
« 436

2.C295

1.229
1.534
«711
2376
#+4G1

1.802
«309
1.5863
1.0C2
1.1C6
«528
«539
« 358

(0]
~
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In most of these cases the actual-predicted ratios were fairly stable
in the last few years of the simulation. For these, a simple average
of CCA/CCA for a specified number of years ending in 1972 is substituted
for the trend adjustment.

The degree of consistency as measured by the scale parameter is
reasonably good, especially compared to that obtained in the regressiomn
approach described in Section 4.2. The worst cases in manufacturing
are Tobacco, Nonelectrical Machinery, Electrical Machinery, and Trans-
portation Equipment. For the last three of these we could have antici-
pated such problems on the basis of discussion on measurement errors
indicated in Tables IV-1 #nd IV-2. In nonmanufacturing, the data
deteriorate and significant problems are indicated for Mining (a = .397),
Trucking (a = 2.99), and Medical and Education Services (a = .57). In
many cases the trend parameters are greater than we would have preferred,
but in twenty industries the absolute value is less than two percent
per year.

An idea of the nature of the data may be obtained by looking at
the graphs for each sector on pages 89 to 94. The predicted values
denoted by '+' are those from the adjustment equations in Table IV-5.

In most cases, our approach is indistinguishable from one using only a
simple tiﬁe trend. However, inspection of the plots for sectors (18)
Primary Metals; (22) Transportation Equipment, (26) Railroads, and (28)
Air Transportation shows our predicted values catching turning points.
Our procedure also tracks an extremely large jump from 1971 to 1972 in
the Motor Vehicle industry. In the final six industries comprising
utilities, trade, and services, one sees how difficult it is to dis-

tinguish among alternative schemes all yielding smooth trends.
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The plots indicate most dramatically misspecification of the
adjustment equation for (3) Crude Petroleum and Natural Gas and (11)
Paper and Allied Products. These two sectors are among those in which

we made exogenous adjustment ratios,

Conclusions

The problems of industry classification, changing depreciation
methods, and shortening tax lives makes any industry study of CCA very
difficult. It appears from the aggregate simulations that a "brute
‘force" approach using vintage stocks is heading in the right directiom.
Further refinement of the data, especially in codperation with BEA,
would lead to improvement for aggregate forecasts. For industry studies,
especially at the two-digit level considered here, our results should be
viewed cautiously. The answer to whether they can be judged satisfactory

will have to wait until they are used in a forecasting situation.
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APPENDIX IV-A

Sources of Investment Data for CCA Sectors

The following descriptions of the investment data sources are
similar to that in Appendix III-A of 1985: Interindustry Forecasts
of the American Economy. The 90 investment sectors there are aggre-
gated to the 36 sector level chosen for the CCA work. V_ denotes
gross equipment in year t in current dollars; siis expéndiutres for
new structures. NZPEt denotes the new plant and Equipment figures for
the appropriate industry in the OBE-SEC investment survey.

1. Agriculture

V = the sum of farm spending on motor vehicles and other
machinery and equipment. Source: Farm Income Situationm,
U.S. Department of Agriculture.

S = Farm residential and non-residential buildings as appearing
L in TABLE V-2, "Purchases of Structures by Type" July issue
' of Survey of Current Business, (SCB).

2. Mining

Vtc = Equipment investment for metal, mineral, and coal mining
from the Census of Mineral Industries. Out of Census years
are obtained by interpolation with shipments of mining
machinery, SIC 3532.

Structures for mining are approximated by a residual from
NPE survey: St = NPEt - Vt.

3. 011 and Gas Extraction
V., = Investment by oil and gas extraction in the Census of Mineral

te Industries. Out of Census years are obtained by interpolation
with shipments (minus exports) of oilfield machinery, SIC 3533.

S¢e = Petroleum and natural gas drilling and exploration - Table V-3,
SCB.

L, Construction

Unpublished NPE data were obtained for 1963-1970. Other years
extrapolate with shipments of construction machinery, SIC 3531.
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5-25 Manufacturing

Data for both plant and equipment is taken from the Census and
Amual Survey of Manufactures.

26. Railroads

The equipment figure is obtained by the formula V. = NPE_ - C
where Ct is construction from Table 1 of the U.S. Department of
Commerce, Bureau of the Census, Comnstruction Reports (CR), "Value
of New Construction Put in Place."

27. Trucking

From Transport Statistics of the U.S., Part 7, Tables 9 and 12,

one obtains the figure for Revenue Freight equipment acquired

by Class I Common Carriers of General Freight (CICCGF). This
figure is adjusted for equipment purchases of non~-Class I carriers
and other equipment by using the depreciation values shown for each
of these categories. (See 1985). No data was available for ex—
penditures for public warehouses, also a part of this two-digit
industry.

28, Transportation

Vt = NPEt (Airlines)

29. Other Transportation

Ve = NPEt (Other transportation) - Trucking

30. Communication
V£ = NPEt (Coomumication) - S (Communication)
§, = Telephone & telegraph frbm Table V-3 sSCB.
31, Electric and Gas Utilities
V. = NPE_ (Electric & Gas) - S¢ (Electric and Gas)
St = Electric light and power, gas from Table V-3, SCB
32. Trade
Equipment data are obtained by extrapolation of the Imput=Output

figures for 1963 and 1967 by shipments of Service industry machinery,
SIC's 3581, 3586, and 3589.
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Sy = Commercial minus Offices and warehouses from CR. The Census
Bureau discontinued its disaggregation of the Commercial cate-
gory in 1966, we have maintained the two series by using the
1966 split.

33. Real Estate

St = New dwelling units from Table V-3, SCB

34, Hotels and Lodging Places

S¢ = Non-housekeeping wnits from Table V-3, SCB.

35. Medical and Educational Services

St = Educational, Hospitals and Institutions from Table V-3, SCB.

36. Finance and Other Services

Vt = a residual category obtained by substracting all other equip-
ment investment from total PDE (Natiomal Accounts basis).

35 y
i=3 F
St = Offices and warehouses from CR (See Trade above.)
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CHAPTER V

LABOR COMPENSATION

5.1 Overview of Chapter

The development of a satisfactory procedure for forecasting labor
compensation by industry is crucial to the model's overall performance.
Accordingly, one element determining total labor compensation -—— namely,
average compensation per manhour —— has been the subject of intensive in-
vestigation for this thesis. The behavior of wage changes by industry
not only has an impact on the aggregate rates of inflation and aggregate
income levels but also influences relative prices.

The process of obtaining labor compensation at the two-digit SIC
detail of the income model is a three-tiered procedure as illustrated
in Chart V-1. On the first tier, we estimate Phillips-type equations
for four fixed-weight indexes of hourly earnings. The industry detail
is as follows: (1) "Industrial" (Mining, Manufacturing, Transportation,
Communications, and Utilities), (2) Contract Construction, (3) Trade
and Finance, (4) Services. Unpublished quarterly data provided by BEA
have been used to adjust each of the series for fringe benefits and
employer payroll taxes. The resulting indexes are probably the best
available measures of underlying w;ge rates changes at this level of
aggregation.

In the second tier, we explain gross compensation (i.e., including
overtime payment) for 100 sectors; 70 are in manufacturing. The dependent
variables in these equations are indexes of rel;tive wages; that is, all

average earnings measures in the "industrial" group are relative to the
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CHART V-1

Determination of Labor Compensation by Industry

TIER 1

Hourly earnings indexes for
four industry sectors (exclud-
ing overtime, adjusted for (Production Workers)
fringe benefits) estimated
quarterly.

TIER 2

Indexes of gross hourly earnings for 100
industry sectors (adjusted for fringe
benefits from two-digit NIA data). Esti-
mated annually and in terms of the relative | (Production
wage level. Workers)

100-sector detail used in quarterly price-
wage model. (A method of quarterly inter-
polation described in Chapter IX.)

v

TIER 3
Labor compensation per manhour for 49 private non-farm
industries using results of Tier 2 via estimated "bridge" (Production
equations. Farm and government average earnings related and Nonpro-
to the aggregate wage rate. Total labor compensation by duction
two~digit industry obtained by simple multiplication of workers)
manhours.
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first fixed-weight index from tier one. These equations thus must pick
up the short-run effects of overtime payments, cyclical fluctuations in
labor supply peculiar to detaiied industries, and general trend effects.

Reconciliation of the BLS and National Income Accounts (NIA) data
for compensation per employee is achieved in tier three. The major dis-
crepancies are that NIA data includes earnings of nonproduction workers
and any irregular bonuses paid to all employees. Regression equations,
estimated at the two-digit SIC level, explain average compensation per
employee on the basis oé a fixed-weight index (at a two-digit level) of
compensation from tier two, the change in employment, a variable represent-
ing interindustry employment mix shifts, and a trend factor. The change
in employment is included as a proxy for cyclical variations in intra-
firm employment mix, for average earnings per manhour often fall as -
employment increases because lower paid, mostly nonsupervisory workers
are hired. A complete description of each of the variables is given in
Section 5.4.

The contents of the remainder of the chapter ére as follows: in
Section 5.2, the theoretical specification and estimation results for
the tier one aggregate equations are reported. In addition to the four-
sector breakdown described above, a number of experiments are made with
a single aggregate wage equation similar to ones recently made in the
literature,

In Section 5.3, we develop a specification for the tier 2 relative
wage equations and report the estimation results. The BLS-BEA reconcil-
iation equations are then discussed in Section 5.4. Appendices V-A and
V-B describe the methodology behind the construction of the aggregate

and industry wage series. If the reader is not satiated with the problems
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of wage determination in Sections 5.2 through 5.4, he may wish to look
at Appendix V-C. There, I report on some attempts to specify quarterly

T
wage-change equations by industry; attention is given to the long-run
implications for the relative wage structure.

Before turning to the estimation results of the tier 1 equatioms,
some rational behind the general approach chosen may be useful. In fact,
I would have been happy to report that the approach just described for
forecasting labor income by industry was the one originally planned at
the outset of this study. However, as may be common in model-building
projects of this sort, one's initial specifications, when empirically
estimated, may lead to a set of equations that may be dismissed immedi-
ately as an unreliable forecasting tool.

The original plan was inspired by a maxim near and dear to every
input-output researcher's heart—-the common sense notion that an economic
aggregate is nothing more than the sum of its parts. The "aggregate
wage," of course, is the simple average (be it fixed-weight or other-
wise) of wage rates in individual industries. Since our ultimate aim
is to explain wage rates by industry, as well as the aggregate wage, a
perfectly natural course would be to explain.changes in earnings at the
most detailed sectoring level feasible for the complete model. At an
early stage it was clear that the full 123 sector detail in manufacturing
as found in the standard INFORUM model would be unnecessarily burdensome.
However, I did not feel a full retreat to a two-digit SIC level was
optimal. There are many cases of rather heterogenous industries within
two-digit industries classifications, for instance, tires and tubes

versus miscellaneous plastic products in SIC 30. As a result, we moved
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to a more manageable scale of 100 separate industries in the private
economy,

In attempting to explain wage changes for this number of industries,
one consideration is paramount. That is the fact that while one is
developing equations which, taken together, forecast changes in the
aggregate wage, one is also implicitly forecasting the wage structure.
This simple point is often overlooked by builders of industry wage models,
as Michael Wachter points out.1 That is, if one uses Phillips-type
specification for separate industries with the key variables of an un-
employment rate and past change in prices, structural differences in
short-run wage behavior (as weil as the statistical consideration of
insufficiently lengthy sample periods) will yield unique pairs of co-
efficient estimates for each sector. With different price coefficients,

Wachter notes that such a model, in effect, explains relative wages by

the absolute price level. However, the problem here is not the difference
among sectors in the relative influence of tight labor markets versus
prices changes, but rather that one may plan to use such a model to
forecast a future quite unlike the estimation period. An often-used
procedure (in calibrating long-run (five to ten years) forecasts within
the econometric model) is to solve the model so as to achieve some target
level of the unemployment rate. With an assumed path of unemployment
that eventually stablizes around a particular level, our set of estimate
industry wage equations will obviously predict ever widening wage
differentials., This prediction runs counter to competitive theory; but
arises as soon as we run the model under sustained conditions never

experienced during the estimation period. The estimation period, at

IMichael Wachter, "Cyclical Variations in the Interindustry Wage
Structure," American Economics Review, Vol. IX, No. 1 (March 1970),

p. 272.
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least for the U.S. post-war period, is characterized by cyclical fluctu-
ations in unemployme;t rates. This experience yields short-run differences
in wage changes among industries, but when averaged over the full period,
trends in wage levels that are very similar for most industries. —~

In summary, the Wachter criticism applies mainly to the length of
forécast horizon and its assumed cyclical characteristics. For purposes
of forecasting the next four or eight quarters, the usual short rumn
specifications would ordinarily be appropriate.

In spite of understanding the nature of the problem, there still
remains the difficulty of implementing a solution in order to use the
model for both "long rum" (for our purposes, five or more years into the
future) and short run simulations. One device for ensuring some "long
run" stability of the wage structure is to include the lagged value of
the relative wage level in a Phillips specification for the detailed

industries. That device was employed in estimating equations of the

)

following form:

i“l'—"}:

A W
(5.1) —1 . f[AP/P, UR, AEMP,, (
W h|

where

P

an index of consumer prices
UR = unemployment rate

EMP = employment in sector i

w=a fixed-weight index of the aggregate wage

The relative wage variable is rooted solidly in competitive theory
(by shifting the labor supply curve to an industry) as well as reflecting

institutional spillover effects. An industry whose relative wage has
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fallen below its average for the sample perioﬁ would be expected, ceteris
paribus, to have larger increases in its own wage.

Some details of the empirical results for a specification similar
to (5.1) are given in Appendix V-C. For now, we note two unsatisfactory
aspects of the results. First, collinearity between the price wvariable
and the relative wage lead to coefficients in the former being unstable
and, in many industries, implausible. This phenomenon occurs largely as
a result of the buildup of inflation in the late 1960's, with the effect
that in slower price-reacting sectors (i.e., industries characterized by
long~term contracts), the regression cannot distinguish between the
effects of past declines of real wages versus declines in relative
wages. In a number of sectors, negative price coefficients were obtained.

Second, the dependent variable in the equations was the quarterly
percentage change in an index of hourly earnings. The quarterly change
was adapted in order to circumvent autocorrelation introduced by using
overlapping four-quarter changes but, as Black and Kelejian show,2 we
still must assume that equal numbers of workers receive a wage increase
in each quarter. This assumption obviously becomes more and more suspect
as finer levels of industry detall are examined. Where the assumption
does not hold, equation (5.1) produces a spu%ﬁious correlation between
the dependent variable and the relative wage. In quarters where
larger-than~average numbers of workers receive increases, the
relative wage is likely to be above its mean value. In subsequent
quarters, the probability is greater that fewer than average workers
receive increases, which leads to smaller increases in the overall

earnings index. Obviously, the smaller increases in the subsequent

25, W. Black and H. H. Kelejian, "The Formulation of the Dependent
Variable in the Wage Equation,"‘Review of Economic Studies, Vol. XXIX,
No. 117, (January, 1972), pp. 55-59.
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quarters are now roughly (negatively) related to the existing level of
the relative wage. The theory would be more appropriate in the analysis
of a series of negotiated wage rates for which the relative wage would
be relevant only in periods immediately prior to the occurrence of the
negotiations.

With these and other problems confronting us in the direct esti-~
mation of wage-change functions by industry, I turned to the "two-stage"
approach as described earlier. On the positive side, this approach has
several important advantages given the limited resources of the model-
builder. First, the increased ability to test more elaborate specifi-
c#tions with four equétions versus a hundred is obvious. Experimenting
with a single aggregate equation in addition to those for the broad indus-
try groups also gives us a basis for comparing our results with others.
in the literature. We also gain a significant practical advantage by
greatly reducing the updating costs.

Second, the two-stage approach, in proposing wage-change equations
for broad groups, also lessens the likelihood of violating the assumption
that equal numbers of workers receive wage increases in each quarter.

For those two sub-aggregates in which this may not be true, we may take
advantage of published BLS data on the numbers of workers in collective
bargaining units receiving increases in newly negotiated contracts. The
availabilty of other independent variables is also enhanced at this level
of aggregation as compared to a two-digit and three-digit SIC basis.

A final point relates specifically to the nature of the data base
originally available for this thesis. With substantial.effort, a set of

seasonally adjusted gross earnings indexes were constructed for 99
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(100 minus agriculture) sectors and for a uniform sample period 1958:1-
1974:2., Many sectors (including a large number of manufacturing) had
no separate data before 1958:1 and others required interpolation of
annual data to get back to 1958. At a later stage of work on the aggre-
gate equations, it became apparent that the omission of the 1955-1957
period had a substantial influence on the coefficient values. Indeed,
the inclusion of the earlier data improved the predictive performance
for the 1975-1976 period. Thus, it seems the trade of the original dis-
aggregation for more reliable aggregate equations is well worth making.
As any input-output researcher knows, the question of the appro-
priate in&ustry disaggregation is a vexing one, especially when he may
not anticipate all the uses to wﬁich the model will be put. The scheme
chosen here for modeling wage determination by industry, I believe, has
the best chance of leading to reliable aggregate forecasts while still
offering the potential flexibility of allowing the model user to insert
his own outside projections of wage changes for detailed industries. We
now turn to our empirical results for the aggregate wage equations in

tier one.
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5.2 Aggregate Wage Equations

In this section we develop Phillips—~type wage equations for a single
aggregate wage index and for the four sub-sections cited in section 5.1.
We focus first on the estimation of a single aggregate equation for the
private non-farm economy: we apply the results derived from this work
in the subsequent estimation of sub-sectors. The development of a satis-
factory aggregate equation is also important in its own right. As we
shall indicate in Chapter X, for long-run forecasts we slowly merge the
results of the sub-sector equations to that of the aggregate.

The subject of wage determination is one area of economics that
has to be analyzed within particular historical circumstances. An inten-
sive effort to develop a satisfactory aggregate wage equation grew out of
the failure of an early version of the INFORUM price-wage model to track.
adequately the deceleration of prices and wages in 1975 and the first
part of 1976. Theré was strong evidence that the specification of the
wage equations (estimated for four sub—-aggregates, but different than
these used in the present model) was. the source of the problem., Accord-
ingly, the first part of this section examines several standard wage
equation specifications of recent vintage in the literature in an attempt
to sort out quantitatively the factors leading to the 1975-early 1976 de-
celeration. In particular, we focus on the impact that the 1975 "light"
bargaining year in the collective bargaining sector may have had on the
hourly earnings index. In addition, on the basis of historical relation-
ships, could the personal income tax cut enacted in early 1975 have had
a significant moderating effect on wage behavior? Finally, from both a

methodological and theoretical point of view, does the 1972-76 experience
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aid in distinguishing what sort of price should be in the wage function:
the CPI, the GNP personal consumption deflator, and/or the private non-
farm business GNP deflator?

The finding of a specification that reasonably explains the 1972-
76 experience (and especially 1975-76), of course, is not a sufficient
condition that such a specification will bé s;tisfactory for forecast-
ing purposes. However, given the extraordinary movements of prices and
unemployment rates in the latter part of this period, we can have some
degree of confidence in our wage function if its estimated coefficients
are reasonably stable after including 1972-76 data in the regressiom.

Three main conclusions may be stated at the outset with regard to
our analysis of this aggregate series. First, the level of bargaining
activity has a significant and reasonably stable influence on quarterly
rates of change of the private nonfarm hourly earnings index. The de-
cline in the number of workers negotiating new contracts in major bargain-
ing units contributed about two-thirds of a point drop (at annual rates)
in growth of the index from mid-1974 to the end of 1975.

Second, no empirical support is found for a moderating influence of
the personal income tax cut made in early 1975. The results of previous
studies which have found a role for personal tax rates in the wage equa~-
tion may be biased by their use of effective tax rate constructs, rather
than m;asures more insensitive to the business cycle.

Finally, it appears that a rather "old fashioned" Phillips~type
equation, containing a simple distributed lag of the Consumer Price Index,
does the best job of forecasting the 1974-1976 experience. The GNP con-

sumer expenditure and private nonfarm business deflators both overpredict
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changes in the earnings index for 1975 in some specifications by as much

as three percentage points.

Equation Specification and Variable Definitions

The statistical equations explaining money wage changes used here
are similar in basic form to others in the current literature in that
excess demand for labor and price changes are the principal explanatory
variables. As a proxy for excess labor demand, the unemployment rate for
men twenty~five and older and its first difference are used. Other
variables tested derive largely from the recent work of Robert J. Gordon.3
Gordon has pald special attention to personal and employer taxes and to

4 In particular, Gordon

the type of price variable and associlated lags.
has argued for the inclusion of both consumer and producer prices in the
wage equation, the latter on grounds that a rise in product prices in-

creases the demand for labor by increasing the value of labor's marginal

product.

New Wage Measure

The wage-change equations developed here employ a slight refinement
of the Gordon wage variable adjusted for fringe benefits. Using unpublished
quarterly data from the Bureau of Economic Analysis for both total compen-

sation and wages and salary payments, the major component indexes of the

3Robert J. Gordon, "Inflation in Recession and Recovery,' Brookings
Papers on Economic Activity, (1971:1), pp. 105-169.

4Gordon also carefully evaluated alternative measures of labor
market tightness, i.e., unemployment rate for hours, umnemployment disper-
sion, hidden unemployment -- in his Brookings Papers article (see footnote
3). This paper does not consider these more sophisticated excess demand
measures.
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BLS private nonfarm aggregate hourly earnings index are adjusted to include
employer payroll taxes and fringe benefits. That is, the sector earnings
index is multiplied by the ratio of total compensation of employees to wage
and salary income in the corresponding sector. The series are then re-
normalized to a 1967 base and aggregated with 1967 payroll weights. This
procedure eliminates some small movements in the adjusted aggregate indexes
which may be caused simply by shifts between sectors with high and low
ratios of ffinge benefits to wages. The wage variable thus constructed
extends from 1954:1 through 1976:1. Details of this procedure are de-
scribed in Appendix V-A. The dependent variable in all equations is the
quarterly percentage change of the wage index expressed as an annual

rate.

Negotiations Variable

A principal new independent variable considered in this study is
the number of workers in major collective bargaining units (1,000 workers
or more) for which contracts are negotiated in the current quarter
(labeled NG). The data is tabulated on a quarterly basis by BLS and

published in Current Wage Deve;gpments.s Presumably, the possible

5Separate quarterly totals have been published by BLS only for years
since 1968. Prior to 1968, cumulative summaries for three-month, six-month,
nine-month, and annual periods were used to infer quarterly magnitudes.
These earlier data were not always published in Current Wage Developments;
BLS press releases and the Monthly Labor Review were used as supplementary
sources. The variable itself is defined as the number of workers affected
by wage-rate actions; this includes some workers whose wages may not have
been increased in the quarter (although whose supplemental benefits may have
been increased). In 1966, BLS extended coverage to include contracts in
construction and finance, insurance, and real estate. Since construction
is the predominant portion of this addition, and separate data for it are
published since 1968; the more recent aggregate data are defined to exclude
construction. '
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effect of discontinuous numbers of workers affected by major union
settlements has not gained attention in aggregate wage research because
usually no more than five million workers out of a total private nonfarm
workforce (production and nonsupervisory workers) of fifty million (in
1973) renegotiate contracts in any calendar year. However, at least

one previously published study incorporated such a variable for a
slightly less aggregative purpose. George deMenil and Jared Enzler re-
ported moderate success with a neéotiations term in a 1970 wage equation
explaining compensation per manhour in a sectof comprising mining, manu-

facturing, transport#tion, communications, and utilities.6

Emplover and Employee Taxes

One of the new features introduced by Gordon, at least in terms of
U.S. wage research, was the symmetric treatment of employer payroll taxes
and personal employee taxes as elements that may raise before-tax wage
rates in the short run. The short-run impact of social security tax
rates is obvious, since the Gordon wage measuré was inclusive of employer
taxes, However, the Gordon hypothesis is that much of the employer tax
may be shifted backward by employers onto employees in subsequent quarters,
as employers seek to re-establish wage costs that they would have in-

curred before the rise in payroll tax rates.

6deMenil, George and Jared Enzler, "Prices and Wages in the FR-MIT-

PENN Econometric Model," in Otto Eckstein (ed.), The Econometrics of Price
Determination, a conference sponsored by the Board of Governors of the
Federal Reserve System and the Social Science Research Council, (Board of
Governors, 1972), pp. 277-308. deMenil and Enzler report that their
negotiations variable was the number of employees covered by union con-
tracts comprising 10,000 employees whose contract was negotiated in the
quarter. Since their variable covered larger bargaining units than the
one for this study, its quarter—-to-quarter variation is much greater.
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The influence of employee social security and personal income taxes
upon wage rates is contingent on a positive elasticity of labor supply
with respect to after-tax rates. For any given level of gross earnings,
an increase in the tax rate workers pay drives a wedge between net and
gross wage rates. The consequence of a tax rise will be an upward shift
in the supply schedule which will result in increases in gross wage rates.
In the 1971 Gordon paper, "employee" and "employer" tax variables are
constructed so as to permit interpretation of the amount of tax-shifting.
That is, both variables are expressed as growth rates of 1/1-T), in which
T is defined as the average tax rate.

A possible bias may exist in empirical implementation of these tax
variables since they are defined as effective rates coﬁputed from aggre-
gate data rather than statutory rates. For the employer payroll tax this
may not be as serious a problem as the effective rate is defined as the
ratio of one-half of federal plus state and local social security tax
revenue divided by total wage and saléry payments. Generally, this would
respond only to changes in the social security contribution rate and level
of maximum earings. However, there may be spurious changes due to in-
creasing coverage of the work force and cyélical employment mix as workers
in high and low wage sectors are taxed at different effective rates.

On the.other hand, one must seriously question the Gordon personal
tax rate series since it incorporates the cyclical effects of the pro-
gressive income tax and transfer payments as well as underlying changes
in legal rates. It is defined as the average of the employer rate (as
discussed above, but now refers to the employee portion of the social
security tax payments) and a ratio computed by dividing federal plus

state and local personal and nontax payments by personal income.
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The complexity of the current individual income tax law makes the
identification of a statutory tax rate practically impossible. However,
for this study we argue that the effective rate for a "typical" worker
may be relevant in the aggregate wage equation. Such data is prepared
by the Bureau of Labor Statistics in its series for gross and spendable
weekly earnings for production or nonsupervisory workers. BLS computes
the social security and Federal withholding taxes for two typical workers.
The series employed here applies to a worker in the private nonfarm
economy with average earnings and three dependents.

To illustrate the relationship between the effective (PERTAXF) tax
rate and the "statutory" rate taken from the BLS source (PERTAX), the

following simple regression on quarterly data was estimated:

log PERTAXF = .0692 + .515 log PERTAX
(14.3) (3.3)

+ .204 PERTAX_l + .124 PERTAX_

2
(1.0) (.8)
+ .0875 (1/UNEM20) 1954:2-1971:2
(11.0)
R% = 937,  S.E. = ,0065, D.W. = .65

Both tax rates were expressed in the form 1/(1-T), the form in which
they are entered into the wage equation.

The regression clearly shows the presence of cyclical influence
in the expected direction on the effective series with the unemplpyment
term. In addition, the long~run elasticity of the effective series with

respect to the rate is near unity. The presence of the lags may be
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attributed to personal tax payments that are made on the basis of

quarterly declarations rather than through withholding.

Prices

The preceding two variables are plausible refinements to a standard
wage equation, but any modern empirical study of wages fails or succeeds
on the basis of its treatment of prices. The array of price variables
employed in the literature is seemingly endless: threshold variables,
prices interacting with other variables, prices whose\lags vary from one
quarter to six years, survey measures of expected prices, consumer
prices, producer prices, etc. And, of course, the items in the list
above are not mutually exclusive. We have restricted our attention to
standard specifications involving the CPI, the GNP personal consumption
deflators, and a fixed weight private nonfarm output deflator.7 This
most popular current method of entering price terms in the wage equation
is by use of distributed lags and we shall follow that approach here.8

The basic specification is a twelve-quarter polynomial lag of degree 3,

7The fixed-weight private nonfarm deflator was constructed with 1963
expenditure weights (and 1972 benchmark National Accounts deflators)
similar to the manner described by Gordon (footnote 3) p. 154. The
empirical differences by using the published implicit private nonfarm
deflator versus the fixed weight specification were significant. The
published version produced a lag shape whose maximum weight did not
occur until quarter t-5; the fixed-weight specification gave a reasonable
pattem of monotonically declining weights.

8From available evidence involving survey measures of expected
prices, there appears to be both expectational and "catch-up" elements
of feedback from prices to wages. As such, our interpretation of the
distributed lags of past prices is that such lags do not serve solely
as proxies for expected price change.
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with zero weight assigned to quarter "t-13." 1In addition, several
equations investigating the significance of both consumer price index
(CP1) and the private nonfarm deflator (PNFD), employ shorter lags
constructed with fixed weights of .4, .3, .2, and .1. In all cases

the current quarter's inflation rate is excluded from the regression.

Sample Period

Although regressions may be run over many alternative sample
periods, in this paper we follow a common, recent practice of ending omne
sample period immediately before the 1971 wage-price controls. A major
test in differentiating among various specifications is the stability of
the coefficient estimates when the period is extended through 1976:1.
The initial period is generally 1954:1, although several equations are
estimated from 1958:1 to test their sensitivity to omission of the

1955-1957 inflation.

Empirical Results

The results ;f regression analysis for five specifications employ-
ing distributed lags of consumer prices are shown in Table V-1, “For each
equation (except equation 4) estimated, the line marked "a" refers to a
1954:2-1971:2 sample period. The subsequent line marked "b" shows the
estimates for an extended sample period to 1976:1.

-Equation la uses g twelve~quarter distributed lag for the total
Consumer Price Index: the sum of weights is shown under the columm
labeled PRICE. SSRATE is the tax-multiplier form of the OASDHI employer
contribution rate (i.e., percent change in 1/1~T). It was originally

estimated by entering the current and four lagged quarterly values, but
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TABLE V-1

Wage Equations for Private Nonfarm Economy Using Consumer Prices®

Sum of Personal

Weights or Tax Rate
Constant "Price  §SRATE PERTAX INBOS  UNEMCIG GUIDE NG CONPER
.037 .676 743 .002° -.0046 -,0051 -.0060 .131¢
(4.4) (7.4)  (4.6) (4.3) an (.1
.039 .750 .806  .001¢ -.0049  -,0039 -.0067 .119  -.0006
(5.9) (5.6) (5.2) (1.4)  (2.5) .3)
.039 671 ,668 -.0046 -.0051 -.0064 .115
(4.9) 6.7 (4.7 (4.3) 1.7) (2.6)  (2.6)
.040 732 .173 -.0051  -.0027 ~-.0069 .120  -.0004
(6.5) (13.2) (5.5 (5.4) (1.0) (2.8) .2)
.053 .560 .756 -.0048  -.0059 ~.0093
(9.6) (5.9)  (5.3) (4.3) (1.9)  (4.1)
.053 .645 . 754 -.0046 -.0038 -.0093 -.0010
(12.2) (12.5)  (5.6) (4.8) 13 (3.9 (.5)
.029 .925 .596 -.0028 -.0077 -.0023 ,113
(3.8) (8.5)  (4.5) (2.8) 2.8 (1.0
.035 .802 .757 -.0060  .0020  .0050 .128  -.0015
6.7) (13.3)  (5.5) 5.0) - (.7)  (1.9) (.9)
.026 1.038 .689 -.0039  -,0073 -.0036 .119
2.7 (7.8)  (4.3) (3.9) 1.4)  (1.5)
.040 . 847 .793 -.0055 -,0035 ~.0065 .092
(6.6) (11.3)  (6.1) 5.7 (1.2)  (2.6)

THRESH

041 445 .614 .68 -.0040 -.0028 -.0054 .115
(5.3) (2.5)  (4.3) (1.8) 4.1) .0)  (2.3)
.041 . 706 .738  .093 -.0046 -.0006 ~-.0064 .116  ~-.0001
(5.2) (4.5  (5.5)  (.6) (4.9) 2) (2.5 (.1)

.799

.855

. 796

.856

.776

.842

.855

.796

.BA6

.0073

.0079

.0076

.0083

.0061

.0076

.0072

.0079

.0071

.0081

D.W.

2.07

1.81

2.09

1.80

1.72

1.51

2.38

1.80

2.13

1.82

2.01

1.69

(11



Footnotes -~ TABLE V-1
: 3For all specifications (except 4) the line marked "a" refers to a 1954:2-1971:2 sample period. The
subsequent line marked "b" uses an extended sample to 1976:1. Equation 4 begins in 1958:1.

bsum of coefficients for current and three lagged quarters, Individual coefficients and t-statistics
are as follows: PERTAX (t-0): ~.067 (12); (t-1): .037 (.6); (t-2): -.0660 (1.0); (t-=3): .098 (1.4).

CSame as note b, but for full same period. Individual coefficients and t-statistics are:
(t-0): -.0559 (1.1); (t-1): .0097 (.2);,(t-2): -=.0019 (.1); (t-3): .0491 (1.0).

dsum of coefficients for cufrent and two lagged periods. See Table 3 for individual coefficients and
t-statistics, : : )

8T1
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the same difficulty as reported by Gordon,g was encountered. That is,
the sum of the weights for the lagged terms invariably implied that

employers shifted more of an increase in the social security tax onto
employees than the initial change in the tax. As a result, the Gordon

procedure was followed by imposing the following lag patterm: 1.0, -.4,

-3, -2, =.1. That is, the SSRATE variable in Table V=1 is

SSRA.TEt = 1.0R, = .4R - .3R - 2R -.1R

t=-1 t=2 t=3 t=4

where Rt is the annualized percentage change in 1/(1-T).

Some may question why the coefficients on SSRATE uniformaly fall ‘
significantly below one in Table V-1l. On the basis of supplementary re-
gressions, it appears that significant shifting onto employees ("back-
ward" shifting) takes place in the same quarter as the tax increase. The
current change in the tax rate in an equation explaining only the hourly
earnings index (i.e., not including employer taxes and fringes), takes on:
a vélue of approximately =-.20. There is also some evidence that the
growth rates of other labor income (fringes) is also retarded in quarters
of increases in the social security tax; Gordon constrained the co-
efficient of his employer tax rates to unity on the premise that hourly
earnings are fixed in the short yrun. However, increases in social
security tax have usually been announced well in advance of their imple-
mentation and workers whose wages would be adjusted in the quarter of the

tax increase may be affected adversely by backward shifting (in addition

9Gox:don, op. cit.
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to the reduced net wage due to the higher employee porﬁion of the tax).10

The results of the personal tax variable were disappointing. Without
knowing the precise lag through which such taxes may influence wage
decisions, the contemporaneous and three lagged coefficients were freely
estimated. The sum of the weights is slightly positive, but as footnote b
to table V-1 displays, there is no plausible lag pattern. The F-statistic
for the four coefficients taken together is 1.27, falling below the five
percent significance level of 2.55.

Since the theoretical case for the employee tax variable rests
substantially on the same ground as that for including consumer prices,
one cannot definitely conclude that changes in personal income taxes
will never ultimately affect gross wages rates. However, the evidence
here is that there is no stable short-run relationship that may be use-
ful in a policy-making context, contrary to what Gordon found.

The remaining columns of Table V-1 are fairly self-explanatory
(with the exception of the one labeled CONPER). UNEM25 and UEMCHG
are the level and first difference of the employement rate for men

twenty-five and older. The first difference term is only marginally

loIn addition to the statutory social security tax rate, an effec-
tive rate series was also tried. The effective rate was computed by
making quarterly estimates of the employeee and employer contributions
for federal government .employees and deducting the estimates from quarterly
receipts for federal social insurance contributions. (Survey of Current
Business, Table 3.1). The effective rate was defined as one-half the re-
sulting series divided by total wages and salaries for the private economy.
The constrained-lag tax variable using the statutory rather than the
effective rate was used since it produced slightly higher coefficients
and regression fits.
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significant in la; its best performance is in an equation substituting
the GNP personal consumption deflator for the CPI (4a). The GUIDE vari-
able is a dummy for the Kennedy-Johnson guidepost period.11 It is
statistically significant in nearly all equations although its numerical
magnitude is sensitive to the exclusion of the negotiations variable and
the choice of price index.

The values in the column headed NG are the sum of the coefficients
on the number of employees negotiating in the current and two previous
quarters (actually, number of employees x .0001l). The three coefficients
are shown separately in Table V-3. A1l three are retained even though only
the one quarter lagged term is significant at the five percent level. The
joint F is 4.40 versus a five-percent critical value of 2,78. The impli-
cations of the size of the negotiations coefficient on the 1972-1976:1
wage history will be discussed after reviewing all of the estimated
specifications.

The reader may be wondering at our neglect of any discussion as
to the appropriate normalization of the negotiations wvariable. That is,
the effect on an aggregate wage index in a particular quarter by those
employees negotiating in that quarter depends on the proportion of total
wages that they represent as well as the magnitude of general wage

settlements at the time.lz For our particular sample, the secular effect

11The guidpost dummy takes the values of 1.0 for 1962:2 through
1966:2, .5 for 1966:3, and 0.0 elsewhere.

125evera1 crude attempts to adjust thebargaining variable were to
multiply it by: (1) a simple 12-quarter average of previous price changes
and (2) the reciprocal of a four-quarter moving average of the unemployment
rate. Both thesemultiplicative variables produced inferior statistical
results than simply NG entered alone.
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of these two influences are in opposing directions. The absolute number
of employees bargaining in major units (1,000 or more) if anything, shows
a negative trend from 1954-1976; their relative share, of course, would
drop even more rapidly. On the other hand, the secular trend in wage
inflation rates is positive, with the 1974 period observing wage increases
nearly double of any other in the sample period. One could presumably
try to adjust for these factors, but no rigorous attempt was made here.
A first reason is that one cannot be completely sure that patterns of
union bargaining have remained constant over the sample period. That is,
if there is a tendency toward more local (and smaller) bargaining arrange-
ments — but whose timing may follow that of major national agreements --
then although the number of workers in major national agreements may
decline, their effective influence on an aggregate wage index has not.
Secondly, the adjustments to account for the prevailing inflation rate
would be highly tenuous. Much of the impact of price increastes in the
collective bargaining sector is through escalator clauses, for which the
impact on the wage index is much more continuous than that from negotiated
increases.

One aspect of the empirical results suggests that no gross bias is
caused by simply entering the number of employees. The coefficients esti-
mates for NG are reasonably stable after the 1971:3-1976:1 period is

added with its sharply higher rates of inflation.l3

135¢e J. Johnston and M. Timbrell, "Empirical Tests of a Bargaining
Theory of Wage Rate Determination,” Manchester School of Economic and
Social Studies, June, 1973, pp. 141-167, for a discussion of why the simple
proportion of workers negotiating in the period may be an appropriate re-~
gressor in explaining a wage index for workers with different contract
lengths.
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In addition to the negotiations coefficients, the remaining esti-
mates in equation la are reasonably stable as the sample is extended to
1976:1. The price coefficient rises by about 14 percent and the social
security tax coefficient increases slightly as the 1973:1 increase in
the OASDHI contribution rate is added to the sample. In spite of the
fact that the umemployment term is entered linearly, its coefficient
still falls slightly as the regression attempts to explain the 1975-1976
deceleration. The phenomenon is more prénounced in specifications not
using the CPT,

Two addifional variables to account for the effects of the 1971-
1974 wage price control program were also included in the extended sample
period regressions. The first is a dummy variable with values 1 and -1
for the wage freeze and wage release quarters of 1971:4 and 1972:1. The
coefficients are not displayed in Table V-1 since the estimates were all
highly insensitive to alternative specifications. The estimates were all
near -.045 with a standard error of .006. That is the freeze retarded
wage growth by 4.5 percent per year for one quarter. The second variable
is also a dummy designed to pick up the transitory effects of Phases 1-1V,
and the decontrol period. Since the control phases were very brief,'any
attempt to measure the impact for each would be futile. As a result, the
dummy variable constructed is akin to that used by Wachter in which the
effect of the entire controls period is assumed to be essentially transi-
tory.l4 The variable used here, CONPER (for control period) takes on the

following values:

LéMichael Wachter, "The Changing Cyclical Responsiveness of Wage
Inflation'", Brookings Papers on Economic Activity, (1976:1), pp. 115-168.
Wachter did not publish the values of his dummy variable; the values used
here assume Phase I was more restrictive than the succeeding phases of
controls.
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CONPER Value Number of Quarters
1971:3 .67 * 1 .67
1971:4~-1972:4 1.0 =* 5 5.00
1973:1-1974:1 .50 * 5 2.50
1974:2 -4.0 * 1 =4.0

» 1974:3 -2.5 * 1 =2.5

Net effect 1.67

However, in spite of this elaborate construction, the coefficient
on CONPER is not significant. In terms of specification 1, the bulk of
the 1974:1 to 1974:4 acceleration in wages can be explained in terms of
the rapid pricgs increases occurring and a heavy schedule of bargaining
in the union sector. Later we look more closely at quarter-to-quarter
movements in the 1973-1975 period and the problems with modeling the
effects of controls,

The remaining equations in Table V-1, except for 6a and 6b, may be
discussed straightforwardly. Equation (2) drops the insignificant personal
tax variable. The only coefficient that is much affected is that on the
employer tax variable, which drops about ten percent from equation (la).

In equation (3), the negotiations terms are deleted. Reassuringly,
the unemployment rate coefficient is unaffected; however, the price tem
falls by a little over 15 percent upon the omission of NG. The guide=-
post dummy coefficient increases about 40 percent; since the guidepost
period encompasses at least one full three year bargaining cycle, it is
perplexing that the guidepost coefficient should be this sensitive. 1In
terms of both regression fit and serial correlation criteria, equation (3)

is inferior to equation (2). \
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As those familiar with the postwar history of the collectiwve bar-
gaining sector may be aware, the 1955-56 period was one of intense bar-
gaining activity. Over seven million workers negotiated new contracts
in 1955 alone. In an effort to determine whether the bargaining variable
derives its life solely from that experience, equation (2) was rerun with a
new starting period of 1958:1. The results are shown as equation (4) in
Tables V-1 and V-3. Inexplicably, the current NG term assumed a negative
sign (with t-statistic of .8), but the one-quarter lag remained highly
significant with approximately the same level obtained previously for the
current and one-~period lag (see Table 3, line 5). Other aspects of
equation (4a), however, point to more disturbing instabilities. The price
coefficient rises from .,671 to .925, and the effect of current unemploy-
ment is reduced by about a third. -

The GNP personal consumption deflator (PCD) is substituted for the
CPI in equation (5) (again with 1954:2 starting period). As other re-
searchers have noted, the price coefficient jumps substantially. However,
the much maligned CPI holds its own when the iz of 2a is compared to 5a.
The most disturbing feature of the PCD specification is the greater in-
stability for the price and unemployment terms as the sample period is
lengthened. However, as Table 3 shows, the negotiations coefficients are
reasonsbly insensitive to change 1in the sample period or price variable.

Equation (6) indicates the difficulty of modeling a stable thres-
hold effect in an aggregate wage equation. Many economists have argued
that both the feedback will be greater and the lags will be shorter, as

rates of inflation rise above some threshold level. In addition, some

have stated that variability of past price changes will influence the
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current expected change. This latter idea has been crudely represented

by Vanderkamp in a variable Z, which measures the number of quarters
during the past four years in which the rate of price increase has ex-
ceeded two percent on an annual basis.15 Entering this variable alone
allows a threshold effect to shift the intercept of the equation, but

it seems more plausible that the slope (with respect to prices) should be
increased at the threshold level. Accordingly, thg following variable, ZS,

is constructed.
Z2S =2 °* 8
where

S= % w - [ ap/ 02]
=1 "1 P/Pp—q4 = -

wy (1=1,4) = .4, .3, .2, .1

if S < 0.0 then set S = 0.0

Basically, this threshold variable puts a kink in the function re-
lating wages to prices, but takes on its full effect only after four
years of price increases greater than two percent. 2S5 is entered in
addition to a 1l2-quarter distributed lag on the CPI in equation (6).

The results for the period ending 1971:2 are encouraging. Both
the standard distributed lag and the threshold term enter at the ten per-

cent confidence level. The remaining coefficients are little changed

1550hn Vanderkamp, "Wage Adjustment, Productivity, and Price Changes
Expectiations,” Review of Economic Studies, Vol. XXXLX, No. 117, (January,
1972), pp. 61-72.
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from equation (2a). However, to this author's surprise, the threshold
variable is almost completely eliminated as the sample period is ex-
tended, and the fixed distributed lag assumes the same general pattern
as in equation (2b). Experiments with different threshold levels and
more conventional threshold constructs indicated the same sort of in-

stability as more recent data is added.

Equations with Producer and Consumer Prices

On a theoretical level, there is a strong argument for a role of
producer prices as well as consumer prices in affecting rates of changes
/
of wages. In most elementary terms, reference to a standard labor supply-
and-demand diagram indicates that equilibrium wage rates are influenced
by consumer prices shifting the labor supply curve and producer prices
shifting the labor demand curve. In the noncompetitive case, rates of
changes of producer prices may (in excess of unit labor cost changes)
serve as proxies for an exployers's ability to pay. As Robert Gordon
states in his 1971 paper:16
"In a period of excess commodity demand, when firms raise the
price level relative to labor cost, their demand for labor in-
creases and they are willing to pay a higher wage. The same result
occurs, even if firms do not take the initiative in raising wages,
when union leaders respond to a firm's increased profits by demand-
ing higher wage increase than they would otherwise."
In the same 1971 article, Gordon uses distributed lags of both a
fixed-weight private nonfarm deflator (PNFD) and the GNP personal con-

sumption deflator (PCD) in his aggregate wage equations. More recently

16Gordon, op. cit., p. 112.
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Perry17 and Wachterl8 have estimated wage equations using only producer
prices as the price variable.

Table V=2 presents the regression estimates for five equations using
the fixed (1963)-weight private nonfarm deflator and the Consumer Price
Index (CPI). Equatién (N us§§ only PNFD, in a l2-quarter distributed
lag on the CPI and a fixed 4-3-2-1 weighting for the private nonfarm
deflator. Equation (9) drops the negotiations variable and equation (10)
begins the sample period in 1958:1. Equation (11) uses 4-3-2-1 fixed lag
weights for both PNFD and CPI, and starts in 1954:2., Table 3, as before,
di;plays the individual lag coefficients for the bargaining wvariable.

If one compares equations estimated from 1954:2-1971:2 using only
the CPI (Zé), only the PCD (5a), or only the PNFD (7a), one can only
conclude that they all perform about equally well. The PCD, and PNFD
specification are both accelerationist in that their price coeffiéié@;é:A
exceed one, but the difference in the iz between any two of the three is
less than .0l. However, equation (7) with PNFD shows even more instability
than did equation (5) using the PCD when the sample period is extended to
1976:1. The unemployment coefficient jumps by 80 percent, and the control
dummy assumes the a priori incorrect sign. The implications for the post-
sample predictions of equétion\(7a) are that, given the actual course of

prices, wage increases would never have fallen below 11 percent in 1975.

17George Perry, "Determinants of Wage Inflation Around the World,"
BPEA (1975:2), pp. 403-448,

18Michael Wachter, "The Wage Process: An Analysis of the Early
1970's," BPEA, (1974:2), pp. 507-525.
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8a

8b

9a

%b

10a

10b

1l1a

11b

TABLE V-2

Wage Equationa for Private Nonfarm Economy Using Producer and Consumer Prices

Constant PNFD CP1 SSRATE  UNEM20 UEMCIIG  GUIDE NG " CONPER
.031 1.054 672 ‘-,0033 -,0056 0.0 .061
(3.8) (8.8) 4.7) 2.9) (2.0) (.1)
043 .990 . 706 -.0052 ~,0006 ~-.002 .040 ' .0040
(7.6) (10.7) " (4.9) (5.7) (.2) 7 (1.6)
.031 .295 «554 «605 -.0031 -.0037 ~.0036 109
(3.9) 1.8) (4.3) (4.3) (2.8) (1.3) (1.4)
.039 .113 .697 .719 -,0043 -,0016 -,0061 105 .00
6.7) (1.3) (1.1) (5.4) (4.8) (.6) 2.4) 0
.037 469 .403 .699 -.0021 -,0056 ~-.0041
(5.7 3.2) (3.4) (4.8) (1.8) .9 - @.5)
(0458 .218 »358 . 725 -.0034 ~-,0032 -,0060 - . +0003
(11.0) (2.6) €6.6) (5.3) 3.6) (1.1) 2.2) 1)
.0314 -.222 1.096 . 541 -.0037 -.0024 ~.0021 .11
4.0) @a.1) (5.9) (4.5) 3.2) .9 .9
0314 .003 .852 .697 -.0040 .0007 -,0045 110 ‘-;0015
(6.6) (1) (7.6) (5.4) (4.7) .3) (1.7 : (.8)
.0322 #2953 462 «593 -.0021 -,0065 -.0052 ,074
a.”n 3.7 (4.0) 1.9) (2.4) (2.0)
0428 .134 ..569 714 -.0030 -.,0069 -.0088 ,049 ~.0010
"(6.9) (1.5) (5.5) (5.0) (3.9) (2.8) (3.3) © (.5)

iz

.781

.811
.796
.849
.759
.828

.‘872

.872 -

o774

.820

S.E.

.0075
.0030
.00?1
.0081
.0078
.00€6
.0059
0077
.0075

.0083

D.W.

1.98

1.66

2.15

1.74

1.97

1.58

2.46

1.67

1.85

1.56

6CT



TABLE V-3
Coefficient Estimates and T-Statistics for Lagged Negotiations Terms

Equation Descripcions NG(t~0) (T-value) NG(t-1) (T value) NG(t-2) (T~-value)
la CPI, tax var,, 1954=71 " 0392 Q.5 .0698 ' (2.9) .0385 ¢N)
1b woomow 1954-76 .0308 1.3) 0597 (2.5) .0356 (1.6)

" 2a CPI, 1954-71 .0217 (.9) .0768 (3.2) 0343 (1.5)
2b C " 1954-76 . .0266 1.1 .0643 2.7 . +0355 (1.6)
ia ceI, 1958-71 : .08 0943 (3.6) .0183 A0
4b "% 1958-76 .08 .0848 (3.1) 0255 1.0)
5a PCD, 1954-71 .0153 (.6) .0861 (3.6) .295 (1.3)
5b " 1954-76 0134 (.6) .0600 (2.6) 022 (1.0)

" 6a CPI, threshold, 1954-71 .0152 (.6) .o7il. (3.0) .0285 (1.3)
6b " " 1954-76 .0236 (1.0) .0610 .5) 0312 1.3)
7a PNFD, 1954-71 0.8 ‘ .0610 . (2.6) o.*

7 " 1954-76 0. .0410 (1.6) 0.
8a CPI, PNFD (4-3-2-1), 1954-71 0148  (.6) 0752 (3.2) 0186 . (.8)
8b “ " “ 1954-76 .0206 .9 .0583 (2.5) .0261 (1.1)

10a CPI, PNFD (4-3-2-1), 1958-71 0. . .0929 (3.5) .0176 «n

10 W w W 195876 O, T .ome. (G0 .06 (L0

11a CPI (4-3-2-1), PNFD (4-3-2-1)  .0063 (.3) °  .0610 (2.5) - L0066  (.3)
11b w e " " .0110 (.4) .0339 " (1.4) 0036 ~ (.2)

Footnotes: | | -

aLag term deleted since coefficient negative a t-statistic less than 5.

0ET |
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There apﬁears to be some collinearity between the distributed lag
on the PNFD and the bargining variable, As Table V-3 shows, the one-
quarter lag of NG is still statistically significant at the five percent
level, but the magnitude (for the sum of the three coefficients) is only
about half that found in equations (1) = (6). This result is also depen-
dent on the sample period chosen. When theisample period begins from
1958:1, the NG coefficient jumps to .088, much closer to that found in
the equation using the CPI (4a).

On the basis of the empiricai results thus far, and the theoretical
case that consumer prices should not be excluded, equations (8) - (11)
used both the PNFD and the CPI, As mentioned previously, the CPI assumes
a l2-quarter freely estimated lag, and a fixed-weight four-quarter lag is
imposed on the output deflator. The shorter lag is used for the PNFD to
keep in the spirit of Gordon's original specifiication, and also as it
seems likely that any significant labor demand effect from producer
prices should work with a fairly short lag (within one year).

The reader may study for himself the specific results of equations
(8) - (10). but the main conclusion to emerge is this: the hypothesis
that producer prices are a significant independent factor in affecting
aggregate wage change as repfesented by the private nonfarm deflator gets
its most support in a specification omitting the negotiations variable.
and estimated from 1954 to 1971. In all cases, the significance of PNFD

is reduced as the 1972-76 experience is added. Furthermore, the omission
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of the 1954-57 period results even in an incorrect sign on the output
prices (equation (10a)) .19

The interaction between the negotiations variable and PNFD is the
trickest to sort out. It is apparent that both the significancg,and the
magnitude of the output price is significantly reduced when the bargaining
variable is added (equation (9a) to (8a)). However, it would be over-
stating our case to say that difference in the PNFD coefficient repre-
sents fully the bias in omitting NG. Undoubtedly the extremely high
level of bargaining activity in 1955-56 was not independent of prevail-
ing economic conditions. This author has made no attempt to determine to
what extent the number of employees negotiating new wage settlements in
1955-56, were either those (1) under regularly expiring three-year con-
tracts, (2) under shorter contract lengths resulting from the Korean
War experience, or (3) negotiating from wage reopener provisions. How-
ever, an attempt to explain formally the number of employees negotiating
in a given quarter was made by regressing NG on the unemployment rate and
varlous lags of the CPI and PNFD. This effort was not successful in
terms of regression fits, although one specification using PNFD (with
an implausible lag distribution) predicted a slight rise in employees
bargaining in 1955-56 over 1954 (but still substantially underpredicting
actual NG for the latter two years).

On balance, however, the evidence would seem to be in favor of still

a significant bias in the output price coeffcient by the omission of the

19Gordon himself would not be surprised by this result. He notes
that the major divergence between the PCD and PNFD occurs prior to 1957.
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negotiations variable. Comparing equations (8a) and (10a), one sees that
the negotiations coefficients, at least for the one-quarter lag,_éfe
reasonably stable while the more recent sample period completely destroys
any separate short-run influence of the producer price.

Finally, eéuation (11) was run using fixed 4~3-2-1 lags on both
prices variables to offer, in effect, a head-to-head contest between the
PNFD and CPI. The effect of the bargaining variable is muted with the
shorter lags on both price terms, but again the CPI dominates the short-

run impact of the output price.

Pogt=Sample Period Simulations

Table V-4 presents on a quarter-by-quarter basis the results of
simulating four selected equations from 1972:1 through 1976:1. Colummns 1
and 2 display the number of employees bargaining in major units (NG) and
the actual wage changes for the wage index constructed for this study.
The four additional pairs of columns display the predicted wage behavior
(taking all other variables at their historical values) and the contri-
bution of the negotiations term(s) to the predicted wage change. The
contribution of the negotiations variable has been normalized to a 1971
base; that is, the values shown are minus the average contributions for
the four calendar quarters of 1971,

It was never the intent here to attempt to measure the impact of
the Economic Stabilization Program on wage behavior, but several comments
may be in order. First, the results illustrate the danger of relying on

any single specification to provide an unambiguous answer as to the



TABLE V-4

Post-Sample Predictions and Contribution of Negntiations Variable

Eq. 2a, Distrib, Lag Equ. 5a, Distrib., Lag Eq. 7a, Distrib, Lag Eq. lla, Distrib, Lag, CPI,

NG Actual CPL PCD PNFD 4-Qtr. Lag, PNFD
Pred, NG Contrib, Pred, NG Contrib, Pred, NG, Contrib. Pred. NG Contrib,

1972:1 402 .111 .057 -.0051 .064 -.0058 .063 -.0048 .053 -.0047
2 550 .061 .053 -.0083 .061 -.0085 .064 ~.0045 .053 -.0051
3 .51 .053 .053 ~.0071 .059 -.0072 .062 ~.0036 .052 -.0042
& 498 .073 .054 -.0069 .059 -.0071 .056 -.0027 .050 .0043
1973:1 1048 .096 .073 -.0060 . 078 -.0065 .078 -.0039 .072 -.0041
2 1523 .066 .057 -.0008 .061 -,0011 .051 -.0006 .055 -.0004
3 698 .076 .070 .0030 .075 .0034 .056 .0023 .070 .0023
4 1123 073 .074 -.0008 .076 -.0017 .053 -.0027 .074 -.0622
1974:1 578 .073 079 ~-.0016 .087 -.0013 071 -.0001 .091 -.0005
2 1276 .101 .088 -.0028 .100 -.0037 .082 -.0034 .103 -.0031
3 1555 .103 .096 .0013 JA14 .0012 .107 .0008 .119 .0010
4 591 .100 .100 .0038 .121 .0042 .115 +0025 .122 .0026
1975:1 646 .096 .091 ~.0026 113 -.0032 112 -.0034 .110 -.0031
2 466 .076 .084 -.0056 .107 -.0059 119 -.0030 .100 -.0035
3 636 .085 .081 -.0067 .101 -.0070 .114 -,0041 .084 -.0045
4 290 .078 .080 -.0067 .099 -.0066 111 -,0031 .078 -.0038
197631 228 .066 .082 -.0089 .100 -.0092 112 -.0052 .080 -.0058

el
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controls' quantitative influence on wage behavior.20 For the two "pure"
quarters of Phase I: 1972:2 and :3 (in terms of hourly earnings data)

the CPI specifications imply wage increases slightly above those expected
the PCD and PNFD versions imply the opposite. A more dramatic difference
occurs in 1973, where the PNFD equation underpredicts actual wage in-
creases about 1.5 percent at annual rate whereasjthe other equations
predict nearly the observed increases.

Secondly, the results show that evaluating the controls in terms

of hourly earnings data is made particularly difficult by the coincidence

of the bargaining cycle and the controls period phases. If we take the
estimates of equation (2a) as an upper limit as to the possible impact
from negotiations timing, and those from (7a) as a lower limit, the
results imply that a decline of -.4 to -.7 percent in 1972 relative to
1971 would have occurred regardless of the imposition of controls. An
obvious caveat is that, again, this magnitude is somewhat dependent on
the average level of wage settlementé during the estimation period (as
embodied in the coefficient of NG), but even the reduced level of first-
year increases in the collective bargaining sector in 1972 is above the
sample period average. This influence on the earnings index changes
for 1972 due to the bargaining cycle implied by the estimates here is
certainly significant relative to the range of predicted values result-
ing from specifications using alternative price variables and unemploy-

ment rates that are commonly tested.

onhis point is made strongly by Susan and Wayne Vroman in a recent

paper assessing the impact of controls on wage behavior in manufacturing:
"Money Wage Changes: Before, During and After Controls," mimeograph.



136

Putting aside the problems of the controls period, we turn next to
investigate the influence of the negotiations variable on the 1974-1976:1
deceleration. Although the reader may choose for himself any grouping of
quarters that he desires, for our purpose we choose two four-quarter inter-
vals; 1974:2-1975:1 and 1975:2-1976:1. Actual wage increases in the first
interval average 10.0 percent at annual rates and fall to 7.6 percent in
the latter period. Again, using equations (2a) and (1la) as upper and
lower limits, the light bargaining in 1975 accounts for between 29 and
13 percent of the difference (i.e., -.7 and -.3 percent of annual rates).
Since first year negotiated increases in the collective bargaining sector
in 1975 actually exceed those for 1974, it ié probable that the effect

of the 1975 light bargaining is nearer the upper limit than the lower.

Concluding Remarks

An important conclusion to emerge from this study is that the
timing of collective bargaining by major unions has a statistically
significant influence on the behavior of an aggregate hourly earnings
index. On the face of it, this fact would seem apparent; but the effort
here represents one of the few to test it formally in an aggregate wage
specification. The impact of negotiations shows clearly in the variety
of specification testing alternative sample periods, price variables, and
lag patterhs. This finding suggest the danger in too zealously evaluating
residuals for equations estimated without consideration of contract timing
for period as short as a year or less,

If our aggregate wage study succeeds partially on a methodological
basis, it certainly fails to resolve an important issue in the theory of

wage determination. A major problem is the inconsistency between the
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strong evidence of copsumer prices as an important influence on wage uy,

behavior and negative findings as to the effect of personal taxes. If “w
wage behavior is, indeed, amenable to conventional economic theory, then
one woulq expect both influences to show up. Regarding the independent 25
effect of producer as opposed to consumer prices, the evidence here is
that the impact of producer prices (as represented by private nonfarm
business deflator) is highly semnsitive to the samplé period and equation
specification. Obviously, the consumer price index may serve as proxy
for expected producer prices, but results which could clearly define the
underlying structure would be preferred. The enthusiasm of those who
thought the 1973-1975 divergence of producer and consumer prices would
give clear answers should be tempered by the unfortunate timing of the
-removal of controls and the collective bargaining cycle and the im-
precision as to our knowledge of the lags linking wages to prices.

Equations for Sub-@gggggatea*

The wage equations for the four sub-aggregates are similar in their
basic specification to equation (2) above. That is, the principal ex-
Planatory variables are the umemployment rate for men 25 and over, the
first difference of the unemployment rate, and a distributed lag on
changes in the consumer price index.

The estimation results for the finai specifications only are given
here. However, a wide variety of alternative specifications were tested

for each equation, and a summary of the major findings is in order before

*With four aggregate wage equations, rather than one, in the first
stage of our "two-stage" approach, the reader will note that we still are
subject to the Wachter criticism that divergent wage levels may be produced
by the model. Unfortumately, for long-term forecasting applications we are
forced to implement some ad hoc adjustments. Each sub-aggregate equation
is allowed to operate independently for a specified interval (usually
around four years). After that we take a weighted average of the percent-
age change in the earnings index supplied by each of the sub-aggregates
and the change in an aggregate index comstructed from all four equations.
iﬁziweights for each separate equation are gradually reduced to zero.
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turning to the regression results proper. Some of this testing was done
at the eight-sector breakdown of the aggregate nonfarm index (i.e. durable
manufactuing, nondurable manufacturing, wholesale and retail trade, etc:
see Appendix V-A). A number of the conclusions at this more disaggregated
level were assumed to hold at the four-sector aggregation finally chosen.
No published quarterly series exists for a "value-added" deflator

below the private nonfarm level of aggregation. As such, we cannot test

explicitly for the role of producer prices in the sub-aggregate equations.

However, movement in producer prices relative to wages are highly cor—

related with corporate profit rates. Quarterly estimates of national

income originating by industry division are made by BEA and the separate
components of labor compensation and gross corporate profits are available.

To test for the impact of producer prices/profits in the sub-aggregate
equations the rate of corporate profits to national income was constructed

for each industry division. Both a four-quarter moving average of this
variable and a four-quarter difference were tested (both lagged one

quarter). Our results were consistent with a number of other recent
studies which have found no important role for profits in ("recent",
i.e, post 1965) wage behavior. In only one sector, wholesale and retail
trade, was the lagged change in profit share statistically significant
with the correct sign.

Extensive testing was made to comstruct (or find) more industry-
specific measures of excess demand. First, unemployment rates by indus-
try (of last employment) were available from BLS for each of the eight
sectors in private nonfarm hourly earnings index. In all but contract
construction, the primary umemployment rate (UNEM25) provided as good
or better f£it of the data. Apparently, outside of construction, there
is sufficient labor mobility to allow a single aggregate rate to repre-

sent demand conditions as well as do the specific rates.
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In an effort to determine whether recent past conditions in the
labor market were helpful in explaining wage behavior, various fixed
welght distributed lags of the UNEM25 were tested (e.g. .5, .5, .5,

«333, .167). In nearly all cases the current period value provided the
best fit, a result which is consistent with a competitive model.

An available and possible supplementary measure of demand conditioms,
the change in sector employment, is generated within the complete model.
Four-quarter and one~-quarter changes in manhours were tested, but only in
wholesale and retail trade was this variable significant with correct
sign. Even this result was achieved only by dropping the AUNEM25 vari-
able, a variable which is highly correlated with the change in employment
in this sector (and in other sectors, too, almost by definition). In
durable manufacturing a fixed-weight index of gross hourly earnings was
constructed at an early stage of this project. The manhours change
variable is higly significant in explaining such an index which includes
short=run fluctuations due to overtime premiums. However, there is no
role for the change in manhours when the published BLS series excluding
overtime is substituted as the dependent variable. One may suspect that
the significance of the change in unemployment term is overstated in
those wage studies which use compensation per manhour or gross hourly

earnings.

Final Equation Results

Since the more elaborate specifications produced generally
negligible improvements over the basic specification, the basic specfi-
cation was modified only slightly for the final sub-aggregate equationms.

The regression coefficients for each sector are shown in Table V-5 and



Constant cprb
Industrial
{ 12a .0161 .781
(1.7) (6.7)
/12b .0231 .895
(3.3) (12.7)
Construction
13a .0652 .818
(4.9 (3.9)
13b .0883 .489
(9.3 (4.4)
Wholesale and Retail Trade, Finance
l4a .0488 .506
(7.3) (5.3)
J l4b .0482 .493
(10.2) (10.2)
Services
15a .0536 .721
(8.3) (6.6)
J 15b 0602 680
(11.9) (10.6)
Footnotes:

SRATE

.628
(3.1)

.751
(4.2)

.365
.9

.847
(2.5)

.641 -

(3.3)
.17
(4.2)
. 749
(3.5)

.533
(2.6)

UNRM25C

-.0034
(2.5)

-.0048
(4.1)
-.0082
2.7)
-.0126
(5.0)
-.0038
(2.5)
-.0035
(2.9)
-.0055
a.7

-.0069
(5.3)

TABLE V-5

UPMCHG

-.0088
(1.2)

-.0017
3
-.0121
(2.9)
-.0089
(2.5)
-.0078
a1.n

-.0076
(1.8)

Wage Equations for Sub—Aggregntean

GUIDE
-.0059
(1.7)
-.0069
(1.9)
-.0061
9

-.0067
(1.0)

NG
«252
3.2)

218
(3.1)

.0126
(1.0)

.0192
(1.8)
.0080

.9

010
1.0)

CONPER

-.0134
(2.4)

429

414

.568

- .687

.644

T .61

- ®As in Tables V-1 and V-2, the equations sufficed by "a" are estimated through 1971:2, those with "b" run through 1976:1.

b'Ihe individual lag weights for the full semple equations are shown below.

®The unemployment term for the Industrial sector is the average of the current rate only.

d1he coefficient displayed for NG is the sum of the current and two lagged terms. The t-value is that for the most significant coefficient.

MW refers to the minimum wage variable as described in the text.

0115

0110

.0203

.0209

.0104

.0108

.0112

0127

D.W.

2.13

1.57

2.05

1.905

2.05

1.76

2.03

2.04

oY1



Footnotes (Table V=5 con't)

Addendum: Individual lag weights for full-sample regressions

Lag

O O~ N FW N

Industrial -

127
<119
«111
<102
- 092
+033
072
061
. 050
038
. 026
.013

Construction

=035
<041
"~ .057
. 067
073
.073
. 069
.059
o4

. 025

Trade & Finance

1126
100
.085
.070
. 055
. 040
. 027
.013

Services

.100
.093
.085
.078
. 070
. 062
s 054
05
. 037
. 028
.019
. 009

9T
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the footnotes indicate the modifications that were made for several of
the sectors. As in the aggregate equation, in each of the equations a
FREEZE dummy variable was included in the 1954:2-1976:1 sample period

regression.

Industrial

The equation for the Industrial sector (manufacturing, mining,
transportation, and utilitites) is very good in terms of overall fit and
satisfactory with regard to the stability of the coefficients. Both the
price and unemployment rate responses increase as the data for 1972-76
period is added. As expected, the magnitude and statistical significance

of the negotiations variable is greater than in the aggregaté equation.

Construction

A satisfactory specification for the construction sector was not
found. A wide variety of altgrnative variables and lag structures were
tested in an effort to find some stable specification, but to no avail.
A national effort to control accelerating construction wageswas instituted
in the spring of 1971 and a dummy variable to capture the impact of this
program was hiéhly significant. However, this variable (as well as
alternative, more flexible dummy variable specifications) was not
sufficient in rendering a stable structure. Apparently, the effect of
the controls program was not simply to shift the intercept of the wage
equation, but to alter the marginal responses to the explanatory vari-
ables. One further conjecture is that the existence of wage spirals in

the construction industry may account for the very loose relationshp
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of money wage changes to market variables.2! Spirals may have been
prevalent in the 1969-71 period. First-year negotiated wage increases
in 1969 were 14 percent, compared to 7 percent in manufacturing; and
during the first half of 1970, the rate of increase in construction
accelerated to 17 percent. The effect of these increases was to
generate a substantial disequilibrium between union and nonunion segments
of the industry. The process of restoring traditional differentials may
require many years to be worked out; this process will involve slow
growth in union wage increases as nonunion workers find they can more
effectively compete for jobs, especially in periods of slack demand.
The period 1972-76 may be characterized as such a disequilibrium period
and may help to explain the large differences in coefficient estimates

as compared to the 1954-71 sample period estimates.

Wholesale and Retail Trade, Finance

The equation for Wholesale and Retail Trade and Finance was very
good in terms of stability criteria. An eight-quarter distributed lag
on the CPI produced a more reasonable lag structure than did the longer
three year lag of the basic specification. This reflects the fact that
expectational and catch-up behavior involving consumer prices are not
prevalent in this basically competitive sector. Both the level and the
change in unemployment rate appear to serve as joint proxies for excess

labor demands conditions in this sector. Replacing the change in the

21
For a discussion of wage spirals in the construction industry, see

D.Q. Mills, "Wage Determination in Contract Construction,” Industrial and
Labor Relations Review.
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aggregate unemployment rate by that for only wholesale and retail trade
increased the §2 of the equation by approximately .03. However, such an
unemployment rate cannot be generated by the full model. Surprisingly,
attempts to substitute the change in employment in the sector for the
change in the sector's unemployment rate were not successful. Apparently,
changes in (primarily secondary) participation rates are so cyclically
sensitive as to make the employment change variable by itself a poor
measure of labor market conditioms.

The quarterly change in the minimum wage was statistically signifi-~
cant in the full-sample regression.22 Tﬂe largest percentage change in
the minimum wage occurred in May, 1974 in which the minimum wage increased
by 92 percent at annual rates. According to equation (14b), the impact
from this change on the average wage in trade and finance was about 1.8
percent, again expressed at an annual rate. Some economists have ad-
vanced the notion that the rise in the minimum wage was largely respon-
sible for a spurt in the aggregate wage indexes that occurred in the
second and third quarters of 1974. The evidence here does not support

such a conjecture.

Services
The equation for services was basically stable and the fit was
good for both sample periods. An interesting result is that the price

coefficient is higher than that for trade and finance, while on the other

22
An "effective" minimum wage for trade and services was computed by

weighting the statutory minimum wages under the 1961 and 1966 Amendments
to the original 1938 Act. The (employment) weights were taken from BLS data
for 1970-71.
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hand, the unemployment rate coefficient is (algebraically) lower. We
also found the longer 12-quarter lag on the CPI to perform better than
the shorter lag used in trade. We may speculate that the CPI is picking
up some structural shift in the demand-supply relationships for workers
in the health-related areas in the latter part of the 1960's. Many
economists have argued that the introduction of the Medicare program

in 1966 was responsible for a large increase in demand for medical
services which, in turn, fostered the growth of union organization in
hospital staffs. Such a development could affect the estimated co-
efficients in equation (15) since health-related workers comprise

about a quarter of the weight in the hburly earnings index for services.
Further work will be required to model this shift, if indeed it 1is a
significant factor. The basically competitive structure of most service
industry labor markets shows up in the large unempioyment rate co-
efficient. The minimum wage variable has been retained in the equation
although its standard error is only about equal to the value of the co~

efficient.

5.3 Relative Wages by Industry

In this section we develop the second tier of our scheme for fore-
casting labor compensation -- relative wage equations for 99 sectors in
the private economy. In the present version of the mdoel these equations
have been estimated on an annual basis. For the quarterly price-wage
model to be described in Chapter IX, we need quarterly wage levels. We
postpone a discussion of how these equations are "quarterized" until
Chapter IX (section 9.6). Before turning to our own empirical results,

we review briefly some recent literature and develop the theoretical

rationale behind our equationms.
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Background and Theory

Although the study of wage differentials (one either an industry
or occupational basis) has a long history in economics, it has usually

been in a static context. That is, a large number of authors have

attempted to determine the factors behind interindustry wage differentials

that exist at a specific point in time. Many of these have been concerned
with measuring the extent to which unions have affected differentials
across Industry and occupational boundaries.

The focus here is upon explaining the changes over time in relative

wages by industry. Our sample period covers the most recent post-war
period on which there was little union growth in the U.S. private sector.
To the extent that a union's ability to achieve a permanently higher
relative wage is indexed by its membership, (as some previous studies
have argued) we can generally ignore union effects on "long-run" rela-
tive wages for our particular sample period. Rather we shall be mostly
concerned with the cyciical variation by industry of relative wages.
Empirical work dealing with relative wage determination is sparse
as compared to vast literature on the subject of the setting of money
wages., The first formal estimation of relative wage equations to appear
in the literature was a study by Michael Wachter in 1970.23 The basic
hypothesis behind Wachter's work was that two-digit manufacturing sectors

could be divided into a high wage, primarily noncompetitive sector and a

low wage, primarily competititve sector. The high wage industries were

23yichael L. Wachter, "Relative Wage Equations for United States
Manufacturing, 1947-67," Review of Economics and Statistics (Vol. III,
No. 4), November 1970. .
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hypothesized to consciously attempt to maintain a wage premium over the
competitive wage paid by the low-wage sector. To the extent that this
policy is successful, employers in the high-wage industries may hire
from a labor queue. As the unemployment rate falls, wages in the low-
wage industries will rise; but high-wage firms may not raise their wages
-unless the size of the labor queue declines to a umsatisfactory level.
Thus, one of the major hypotheses of the Wachter study is that high
levels of unemployment hold down relative wages in the low-wage indus-
tries, while the opposite is true in the high~wage industries. Wachter
lists a number of factors that the high~wage industries may consider
in this policy; among them, "Contract lags, the interest of trade unions
in a certain minimﬁn rate of wage increase during loose labor markets,
(even at the expense of a slower rate of growth during tighter markets)
and the complementarity between administered prices and an acyclical
wage pol:l.cy."24

In deriving a specification for estimation, Wachter begins initially
in a totally static framework. 'Wages may be viewed as determined in the
more competitive industry by an industry supply function that is depen-
dent on the industry wage relative towages paid in other industries and
aggregate unemployment and by a demand function derived from a Cobb-
Dogulas production fum:t::{.on."25 Wachter's initial equation is for the
industry's absolute wage:

By By B3

(5.16) W= BV U W B, Bl’ B

> . <

3

281114, p. 406

251bid. p. 405
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where V is value added, U is aggregate unemployment, and W* is a proxy
for wages paid in other industries. Since (5.16) is presumed to hold

for all sectors, Wachter rewrites it, after some manipulation,26 as:

(5.17) log W/W* = log o + o, log VIV +a. log U

1 2

For the final estimation Wachter adds two dynamic elements to
(5.22). First, the rate of change of consumer prices, (in distributed
lag form,) is added to account for the possibility that different indus-
tries adjust with different speeds to changes in prices. Second, the
unemployment rate is convefted into a distributed lag. Lags may appear
because of long-term contracts and the economic costs associated with
frequent changes in wages.  In addition to these modifications a time
tfend is added to the equationmn.

The final equation is shown as follows, which is estimated for

annual data (straight-time average hourly earnings)

* _ A * 3 k
(5.;8) log WW™ = log o + ay log v/V + kZo %o log Ut—k

3 k
+ 0q Time + kgo @, " P + as KW + €

t-k

(KW is a Korean War Dummy)

Wachter's basic hypothesis regarding the sign of the unemployment

rates received empirical support. The coefficients of U were positively

26Wachter defines W* as an arithmetic average of wages in the two-
digit manufacturing sectors, excluding the sector in question.  (To arrive
at equation (5.42) as reproduced here, he would have required W~ to be a
geometric average rather than an arithmetic omne.
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correlated across industries with measures of concentration and unioni-
zation rates. The value added terms were significant in eleven equations
which indicated to Wachter that industry specific relative demand or
ability to pay factors are important in relative wage determination. The
price change variables were generally statistically insignificant; and the
time trends, although mostly significant, could not be given a specific
economic interpretation.

Wachter's study provides a good point of departure, but there are
some serious weaknesses in his approach. First, he finds significant
industry-specific demand effects with value added, contradicting the
usual negative results of other industry wage studies regarding the roles
of profits and employment change variables. Since labor compensation is
a large part of value added, it seems likely that the use of nominal value
added as an explanatory variable creates a serious identification problem
with annual data, Wachter needed to remember that the neoclassical
theory upon which his specification is based assumes that the value-added
price is exogenous to the firm.

Secondly, Wachter does not estimate directly the distributed lags
for unemployment and price change, but rather restricts the lags a
priori to be identical for e very industry. This seems especially serious
in the case of the unemployment rate, since different degrees of unioni-
zation (i.e. differing average contract lags) would suggest different
speeds of adjustment to changes in labor market conditions.

Finally, there is no attempt to integrate this basically static
model of relative wage determination with any model of absolute wages,

either for the aggregate wage level or specific industries.’
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A partial solution to this third deficiency is offered by
Ashenfelter, Johnson, and Pencavel, (AJP).27 They construct an explicit
behavioral model which attempts to encompass both relative and absolute
wage determination. They simplify their problem by dichotomizing the labor
market into a union sector and non-union sector»with wage rate WY and wn,

28 the desired union

respectively. From conventional static labor theory,
wage (W*) from the union's point of view is to be proportionately larger .
than last period nonunion's wage (W*)., In logarithms, this is repre-

sented as

(5.19) Wy = ¢(0) + W2, ¢(X) > 0.

Where X is a set of variables which reflect both market forces and union
militancy.

From the point of view of the "typical" nonunion employer, the
desired wage offer is some proportion (most likely less than one) of last

N

period's wion's wage. That is,

(5.20) W3 =¥(Y) + Wf_’l ¥(Y)>0

where Y reflects primarly labor market conditions. The spillover from
union to nonunion wages in 5.20 may be motivated by the threat of unioni-

zation or moral effects.

270.c. Ashenfelter, G.E. Johnson, and J.H. Pencavel, Review of
Economic Studies, (Vol. XXXIX, No. 117), January 1972, pp. 27-54.

281h44., p. 30
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AJP then invoke a standard theoretical device in proposing that the

rate of change of the union wage rate will depend upon the difference

between the actual and the equilibrium wage. Thus, they hypothesize that
(5.21) MW" = a[Wy - W41 O<a< 1

Likewise, the adjustment mechanism in the nonunion sector may be

viewed similarly:
(5.22) AW = AW, - W1 0 <g<1

The change in the wage differential (D), of course, is equal to AR - AW,
Upon substitution of 5.19 and 5.20 into 5.21 and 5.22 the change in the

iogarithm of the union/nonunion wage differential can be written as
(5.23) AD = a¢(X) - BY¥Y(Y) - (¢ +B) D
The solution to the difference equation is ‘-
(5.24) D=D, [L= (1 -a+B)% +p  (1-a-bf

where

D = (ot B [a4(X) - BY(D]

Dy is the steady state union/nonunion relative wage (i.e. when the
values of vectors X and Y are left constant for an indefinitely long
period) and D, is the differe.nt\ial in some initial period.

D approaches D, as long as (1 -¢ -B)< 1, the conditions for sta-
bility for this d)(namic system, Thus, AJP show that the steady-state
rates of growth of union and nonunion wages are the same, since D

approaches zero. This implication of the model is consistent with the
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stylized econometric facts of a relatively stable long term wage structure
(for the post-war U.S.).

The important result of the AJP paper from a model builder's view-
point is that it provides a theoretical rationale for including measures
of labor market condi-tions in both wage-change equations and the relative
wage equations. If we are willing to represent excess labor demand by
an aggregate unemployment rate (UR), we should expect to find.UR as an
-ﬁ;element of both the X and Y vectors considered above. Thus, the key
feature of this model is that higher rates of wage change may be asso-
ciated with lower rates of unemployment; but if a given level of un-
employment can be maintained indefinitely, relative wages will eventually
stabilize.

AJP seek to use their model to derive a specification for explain-
ing rates of change of union and nonunion wages. Unfortunately, it is
hard to see how their end result follows rigorously their initial
assumptions. The empirical specification follows directly from sub-
stitution into (5.21) and (5.22). If we consider (5.21), the conven-
tional practice is to substitute for W,, a linear combination of
hypothesized variables. In this case one would substitute (5.19) into
(5.21) and specifically spell out the function ¢(X). AJP, instead, simply
assume that extent of disequilibrium in both union and nonumion labor
markets depends upon the unemployment rate and the rate of change of prices.
This procedure leads to a wage change specification for each sector which
omits the lagged value of the relative wage and also brings in consumer
prices by the back door. Thus, a completely consistent theory explaining

both wage changes and wage structure is not achieved by AJP.
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Specification for the INFORUM model

I would have been happy to report that such a theoretical inte-
gration has been obtained here, but such is not the case. One major
problem is that likely encountered by AJP; there is no convenient
theoretical method of introducing consumer prices into the analysis.,
Although it is an established empirical fact that there is a feedback from
consumer prices to wages, one would not want to include prices as a
determinant of the desired union/nonunion (or vice versa) wage differential.
If we conduct the.argument in terms of real wages, then we implicitly
assume instantaneous adjustment to price change on the part of both
union and nonunion sectors. This, too, seems inconsistent with the data.

In spite of these difficulties, I believe that we can postulate an
empirical specification for explaining wage changes by sectors that is
consistent with general labor market and bargaining theory, although not
developed rigorously frommaximization principles on the part of firms or
unions (or workers in an "atomistic" labor market). From the narrow point
of view of employing such equations for forecasting purposes, I prefer
such an approach to forcing our empirical specification into a rigid
theoretical straightjacket. Accordingly, consider the following general

form of a money wage adjustment model for industry i:
R R\T
(5.25) Alog wy = £,,(U A log P, §) -a [log (w /w )__1 - log (wi/w )]
where
wy = wage in industry i
U = aggregate unemployment rate

P = index of (consumer) prices
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S = vector of industry-specific variables
w" = "reference" wage (to be defined below)

Cwi/sR)T = "target" level of relative wage

Each of these terms requires some brief explanation. First, in
Section 5.2 we showed rather convincingly that the behavior of average
earnings data is consistent with the common hypothesis that workers seek
to maintain their real standard of living. Thus, changes in consumer
prices obviously are a candidate for inclusion in a wage specification
for more disaggregated sectors. However, even the modest degree of dis-
aggregation in Section 5.2 shows that some groups of workers are more
successful than others in protecting their real wages. No neat theo-
retical argument can explain this result; rather, it reflects the notion
that unions have sufficient market power to extract nominal wage in-
creases to compensate for all or part of an increase in consumer prices
(either by explicit escalator clauses or through negotiated changes). As
we disaggregate further by industry, this wvariance in the quantitative
effects of price changes may be expected to persist,

We also expect excess demand for labor to be important in explain-
ing changes in wage rates by industry. As we noted at the outset of this
chapter, excess labor demand may not be specific to a particular industry
if the industry does not require workers with specialized skills. 1In
this simplest case, if we assumed complete mobility and homogenous labor,
a measure of excess demand such as the aggregate unemployment rate would
be perfectly appropriate in explaining wage changé by industry. Eowever,

in this case, industry wage equations would be redundant (ignoring possible
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other determinants of wage changes) since the unemployment rate would have
the same coefficient for each sector.

Relaxing the assumption of homogenous labor, we may expect to find
some industries operating in a number of labor markets simultaneously. A
single measure useful in explaining an hourly earnings construct would
essentially require aggregation of excess demand measures for each market.
Trying to construct such a measure lies well beyond our means. Thus, we
assume that the unobserved measure of excess demand by industry is a
stable function of the aggregate unemployment rate. From the previous
section we have evidence that there is sufficient mobility among industry
groups to make this assumption a good first approximation. (That is, we
found in only one of eight industry sectors where the sectoral unemployment
rate outperformed the aggregate primary unemployment in explaining wage
changes.)

In unionized industries, the role of the unemployment rate must be
interpreted in terms of a bargaining power variable. Higher unemployment
might cause union negotiators to moderate their demands because of fears
of loss of union security, unwillingness 'of the workers to strike, and so
on. One would expect the impact of a given change in the unemployment
rate to differ among unionized sectors, since internal political struc-
tﬁres will vary across unions. To illustrate, those unions with more
rigid seniority rules might be epected to show less concern for employment
losses brought about by wage gains during periods of slack product demand.

The variable. S represents our belief that there may be certain
industry specific variables such as employment changes or industry pro—-

ductivity that are significant in explaining wage behavior by industry.
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A majority of these can be characterized as variables which augment the
excess demand or bargaining power interpretations of the unemployment
rate. Some of these factors, however, will possibly be required according
to the particular nature of the wage data that are employed. If hourly
earnings are being studied, wage drift component may have to be explicitly
accounted for in addition to the (unmeasured) negotiated rates.

In addition to three factors just listed, wage changes in a partic-
ular industry may be influenced by reference to the wage received by
workers doing similar work in other industries. This hypothesis is not
restricted to union-union interdependencies, but covers spill-overs be-
tween unions and nonunion sectors. Such inter-relationships may be
tested empirically in a number of ways. For our éurposes, we restrict
our attention to the deviation in the previous period of the ratio,
actual wage/reference wage, to some 'target” relative wage.29 The word
target implies an explicit bargaining objective on the part of union
negotiators. The target level may, in fact, be established by force of
custom. For competitive industries, however, the target wage may simply
be that minimm relative wage a firm needs to pay to prevent an excessive
quit rate.

Ideally, we would test to find the optimum reference wage for each
sector. This approach would be more appropriate if we had available data
on negotiated union wages, rather thamn hourly earnings data. Even with

data from individual contracts, a recent study by Robert Flanagan found

21he concept of a "target" relative wage is discussed by Robert J.
Flanigan in "Wage Interdependence in Unionized Labor Markets," Brookings
Papers on Economic Activity (1976:3), pp. 635-682.
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rather meager success in isolating the appropriate reference sectors. He
concludes that "many of the wage patterns that develop in collective
bargaining appear rather fluid, with drifting chamnels of influence."30
As a result, I have simply defined WR to be a fixed-weight average of
earnings for the appropriate aggregate wage sector (;75 . |

The difficulties in directly estimating an equation similar to
(5.25) were discussed in general terms in Section 5.1. However, from
(5.25) and our definition of WR, we may proceed to derive a reduced form
for an industry relative wage equation. Let the aggregate wage be ex-

plained by simply
(5.26) Alog W= £ ( Alog P, U)

Renaming the proportionate wage differential in the AJP article
as RW, and assuming the "target" relative wage in (5.25) is some con-

stant, we have from (5.25) and (5.26)

(5.27) ARW = fl (A log P,U, S) - £ (Alog P, U) -a th—l

Since RW = RWt - RW we can solve for the level of the relative wage

t-1

(5.28) RW, = £y (Alog P, U, W) - £ (Alog P, U ) + (1 =a )th-l

if the functions fi and £ are linear, then we can rewrite (5.28)

(5.29) RW, = g ( Alog P, U, S) + (1 o) RW_;

30Flanigan, op.cit., p. 671.



158

Equation (5.29) thus becomes the starting point for our empirical
work., It has properties suitable for long-range forecasting as well as

being derived from an explicit behavioral model.

Empirical Results

The industry breakdown of our relative wage equations is presented
in Table V-6. For the majority of sectors the estimation period is from
1959 through 1975. The wage series may generally be thought of as indexes
of gross average hourly earnings (adjusted for fringes and payroll taxes).
A description of the selection of the aggregation scheme and of the
sources and methods used in their'construction is given in Appendix V-B.
The construction sector is one of our aggregate wage sectors and no data
were collected for agriculture; therefore, equations were estimated for
only 98 out of 109 sectors (The wage index for agriculture for fore-
casting purposes is extrapolated by the index for trade and finance.)

Our initial empirical specification derived from(5.29) was the

following:
(5.30) RW, = a, + a, P/P + a, UNEM25 +
ay TIME + a, Alog EMP, + a; NG+ ag RW; ,

where

g

logarithm of wage index in industry i relative to its group
aggregate (See Table V-6)
P/P = percentage change in consumer price index.

UNEM25

unemployment rate for men 25 and older
EMPi = (constant-hours) employment in sector i (see Appendix V-B

for precise definition)
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NG = number of employees negotiating contracts in current year
variable is the same as NG in section 5.2. NG is only in-

cluded for those sectors in group 1 - Industrial.

The time trend in (5.30) may be rationalized in the context of the
spill-over model by allowing the "target" wage differential to'change
over time. A more likeiy cause of gradual changes in relative earnings
would be secular shifts of the skill mix of workers within a given indsutry.

The industry-specific variable, change in embloyment, serves td
(1) to account for short-run changes in gross earnings due to the payment
of overtime premiums, (2) to reflect short-run labor supply inelasticity
to the particular industry, and (3) to represent the effects of intra-
industry employment mix changes on "average" earnings in the industry.
Unfortunately, (1) and (2) would point a positive sign on the employment
term while (3) suggests a negative sign.

The rationale for the NG variable is the following. In the sectors
with annual wage adjustment, we might expect their relative earnings to
decline in periods of heavy bargaining activity in the union sector given
that contracts in the union sector are generally "front-loaded." In
periods of "light: bargining, on the other hand, relative earnings in
those annually adjusting sectors would rise. In unionized sectors, NG
would be significant only if the sector had negotiations in the "light"
years of the aggregate bargaining cycle. In general, the contract lengths
vary to an extent, that such synchronization would be rare over the full

sample for a particular sector. Thus, the NG variable is expected to

show up, if at all, in nonunion sectors.

























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































