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ABSTRACT

(
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Recent theoretical work in duality theory has Lead to functional
forms for production and cost functions which easily accommodate more
than two inputs yet allow for a multitude of substitution possibilities
among the various inputs.

A parallel program of research has led to the view that adjustment
of inputs in production to their "desired" levels are interrelated and
that this interrelatedness must be incorporated into empirical models of
factor demand in order to identify properly the dynamics pf factor
demand over time. *

Finally, empirical work on factor demand has uniformly assumed a
geometrically declining pattern of depreciation Of capital, thus
implying that depreciation and, hence, replacement investment is a
constant proportion of the capital stock.

This thesis incorporates the first two Lines of research in a study
of investment and productivity while, at the same time, improving on the
assumption of a geometrically declining depreciation pattern. A factor
demand mode is derived which consists of two equations: one for
investment and one for labor employment per unit of output. It is
applied to each of 53 separate industries which cover the U.S. economy.

The variables used to explain factor demand are, basically, relative

- input prices and movements in industry demand. The prices which appear
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in the model are capital costs, Labor costs, and energy prices.

There are a number of features of the model which distinguish it
from other published works. First, factor demand is studied at a much
greater Level of disaggregation than in other studies. Second, a simple
generalization of the Diewert cost function is used rather than the
highly popular translog form. I know of only two other published
studies in which the Diewert function is used for empirical work.
Third, an investment equation is derived and estimated jointly with a
Labor requirements equation. In contrasf, published studies estimate
"capital demand" equations in conjunction with employment equations and
possibly other equations, and should be viewed as suspect both because
of the difficulties of measuring "capital" and because of the trended
nature ot any capital stock series. The approach of this study places
far greater demands upon the model derived: fitting investment data is
far more taxing that fitting capital data. Fourth, the model both
minimizes the dependence of its results on a prior measure of capital
and incorporates a simple extension of the geometric pattern of
depreciaton which allows "reasonable” and varied depreciation patterns
across industries. Finally, the model is, essentially, a forecasting
tool which is part of a new and highly disaggregated macro model
developed by INFORUM. With this in mind, careful attention is given to
the Long run properties of the model. Consequently, an extensive regime
of "priors" are dintroduced into the estimatioh process to assure:

conformity with firmly established findings of past work. What suffers

in this effort is the ability of the model to fit historical industry

data on investment and productivity and its ability to generate

-

"reasonable” magnitudes for crucial elasticities. It is with an eye to




the fits and elasticities that we judge the usefulness of the model for
the purposes for which it is intended. Consequently, there is no
pretense that we are estimating "unbiased" coefficients. The claims ot
the model are based upon its ability to fit historical data by equations
consistent with our prior view of at least some of the features 6f the
structure of production at the industry level.

Long term forecasts through 1983 of investment and productivity are
then made within the context of the macro model previously mentioned.
Assessment of the forecasting performance of the equations is based upon
a comparison of the forecast results with actual employment and

constructed investment through 1981.
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Chapter 1
Overview of Study

1. Introduction

The Interindustry Forecasting Project ﬁf the University of Maryland
(INFORUM) has had as its task the design, construction and utilization
of a long-term input-output forecasting model of the U.S. economy. The
model embodies a high degree of disaggregation by distinguishing outputs
for 190 products, equipment purchases by 90 industries, and the purchase
of structures by 30 types. The input-output component of the model
allows one to forecast, in addition, the sales of each of the 190
producté which go into other products as material inputs, as capital
goods, consumer demand, exports, inventory change, or government demand.

In addition, there exists a wage-price submodel developed by David
Belzer which endogenizes prices and wages ufthin the INFORUM model so
that prices not only determine but are also determined by real'side
activity.

The area of interest of this study is the investment-productivity
submodel of the larger INFORUM model. The submodel possessed a number
of inadequacies which rendered it unable to answer many important
questions. The next section presents an overview of fhe
investment-productivity submodel as it stood prior to completion of this
study and an outline of its basic shortcomings.1 The third section
presents a short description of the model which has resulted from this

study and a brief summary of the plan of the study.
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2. Previous Investment and Productivity in INFORUM

The investment-productivity component of the INFORUM model included
some features of neoclassical production theory as well as ad hoc
equation specifications for productivity. There were investment
equations for 87 industries and productivity equations for 100
industries. The functional form and behavioral assumptions for the
investment equations were identical for all industries. That is,
"desired" capital stock equations were derived, based upon profit
maximizing behavior by the firm and the use of the CES production
function. The basic equilibrium condition is that the firm demands
capital up to the point where the marginal cost of the equﬁpment, c,

equals the value of the marginal product of capital:

c =P *3a/3K 1)

where P is the price of output, @, and K is the capital stock. For the

CES production function, the marginal product of capital is given by

2Q/3K =8 * (K/Q)° | (2)

where B is a scalar, ois the elasticity of substitution. Substituting
(2) into (1) gives the relationship between "desired" capital, K*,

output, and the "relative user cost of capital”, r = c/P,

K*= a@r ° (3)

where o = 1/8
Equation (3) will hold only in equilibrium. At any time t,

however, actual capital will depend upon present and lagged values of
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output and the relative user cost of capital. Consequently, (3) should

be rewritten as

where - W, = 1 and Vi = "o. Taking natural logs, first differencing,

and multiplying both sides by Kt-1 gives the net investment equation:

= . . . . 4
N Ke1 g wihQ .+ Kt—l I ViATe (4)

where A Q = (Qt -Q _,)/

t t-1 Qt-1 t
step now left before one may actually estimate (4) is to construct the

and p r_ is defined similarly. The only
dependent variable, net investment. There exists data constructed by
the INFORUM project on average tax Lives for equipment by industry and
varying from year to year. With some modifications, these Lives were
assumed to be the average service lives for equipment. Then, with the

use of these data, capital stocks were constructed as follows:

K(t) = By () + Bz(t) (5)
where

81(t) = It + (1—dt)*81(t-1)

Bz(t) = dt*B1(t-1) + (1-dt)*82(t-1).

I(t) is gross investment at time t, L_ is the average service life of

t
capital, and dt = Z/Lt' Then replacement investment is given by
(t-1 (6)

Ry = di*B,
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and net investment, the dependent variable in (4), is given by

The method of contructing capital in (5) represents an improvement
upon the geometrically declining depreciation pattern used throughout
the Literature. The implied depreciation pattern allows replacement to
be low early in the equipment's life, with depreciation increasing as
the equipment grows older. Consequently, (5) gives depreciation
patterns'uhich were thought more "reasonable” than the geometric pattern

used by other researchers. However, a shortcoming of this earlier model

was that the depreciation pattern gjven by (6) was imposed upon all

industries.
———————

The productivity equations were simply log linear relationships
with the log of employment per unit of output as the dependent variable
and some combination of an exponential time trend, lLog of output, the
change in the Log of output, and a lagidependent variable as the
independent variables. Attempts were maée to introduce measures of
capital into the productivity equations without success. To my
knowledge, no attempt was made to derive and estimate an employment
equation based upon the CES production function.

The Llinks between capital formation and productivity growth,
consequently, were at best indirect and Lacked theoretical foundation.
A change in productivity, other than its trend, could only occur as a
result of a change in industry demand. Productivity growth was
unaffected by the technological relationship between capital and labor

in production as implied by the investment equations.

Thus, the first serious shortcoming of the investment-productivity

(

s*ﬁ“ "

N

)
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formation and productivity growth. Indeed, the long run growth in
average labor productivity was virtually insensitive to economic
activity, being determined, almost entirely, by a time trend.

Because of the lack of interdependence as well as theoretical

underpinning, the INFORUM model could not be used to study the response

of productivity growth to, say, tax policies designed to stimulate

investment. Especially in a time of great debate about the causes and
———

cures of the productivity slide of the 1970's, this shortcomiﬁg caused
considerable uneasiness. A long term model should have the capability
of providing forecasts which are useful in answering long term public
policy questions.

Capital formation is not the only determinant of productivity
growth, nor are changes in output, capital costs, and lLabor costs the
only determinants of investment behavior. On the productivity side,
there are clear signs of cyclical productivity movement which appear to

——

be counter to theoregtical expectations within the framework of a two

factor production function. Consequently, business cycle variables,

e,

such as the percentage change in demand, may have an important short run

effect upon productivity movement. In addition, both the demand and
price of energy may have a significant direct effect upon both
productivity and investment decisions by the firm. If one properly
views energy as an additional input in production, then, since under
optimizing behavior factor demand depends upon relative costs, changing
energy prices would lead to changes in investment and employment, even
in the presence of unchanged demand and unchanged capital and lLabor

costs. Thus, the second shortcoming of the early
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investment-productivity submodel was its inability to accommodate
flexibly other inputs and input prices into the neoclassical framework.
As is well known, an attempt to extend the CES production function to
more than two inputs leads to the requirement that the elasticity of
substitution among the various inputs be identical.

A third shortcoming in the existing investment equation may be
found in the method of determining replacement investment by industry.
As mentioned earlier, the pattern of depreciation assumed by the earlier
model was perhaps more realistic than the geometrically declining

pattern often utilized. However, the obvious question to raise is Why

must all industries possess the same depreciation pattern? It would be

both appropriate and more desirable to introduce a method of estimating
replacement investment which would permit average service Llives to
differ not only by industry, but also over time, and to have different
patterns of depreciation. One industry may purchase equipment in which
most of its depreciation occurs early in its Life, so that the geometric
pattern may be the most accurate approximation of depreciation for that
industry. An example might be the purchase of automobiles by a car
rental agency. On the other hand, another industry may purchase
equipment which depreciates Llittle early in its life, and begins to lose
productive efficiency rapidly only after some period of time. An

example might be the purchase of taxi cabs by a cab company. The

geometric pattern would, consequently, not be an accurate representation l
of equipment depreciation for this industry.
This study's goal is to replace the model just described with one

which corrects its inadequacies.
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3. The New Investment-Productivity Model

The investment and employment model derived in the fol lowing
n
chapters is firmly ensconced in the received neoclassical theory of

production. The behavioral assumption is that firms seek to minimize
the cost of production subject to exogeneous demand and a vector of
input prices. To allow for the effects of energy prices and other
factors on capital and Labor demand, the generalized Leontief Cost
Function (GLF) is used. For a subset of possible parameter estimates,

e
the GLF may be viewed as a second order approximation to an arbijtrary,

a—

continuous, concave cost function which results from cost minimizing

—

behavior by the firm. The function is "flexible" because it imposes no

(—

a priori constraints upon the elasticity of substitution among the
various inputs. Consequently, it permits a variety of substitution
possibilities.among the various inputs.

Shephard's lemma allows one to derive the factor demand equations

for each of the inputs. In this study, equations for capital,
: e

proeggzigg_ngrkers,:nonproduction workers, and energy are derived. From
these essentially equilibrium relationships, we construct actual factor
demands. From the capital demand equation, we derive a net investment
equation. The crucial link between investment and labor employment will
be the capital-lLabor relative price. Moreover, common parameters appear
in both the investment equation and the employment equations.

The changes in investment and employment result from movements in

relative prices and demand. We do not view the inter-relationship as

one in which changes in investment Lead to changes in productivity. Qur
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g;gggg;igitg. Consequently, neither investment nor measures of capital
appear in the productivity equation.

In order to explain gross investment, we need an expression for
replacement investment as well as net investment. The method developed
in this study is a generalization of the approach mentione&s;ection 2,

which allows patterns of depreciation to differ across industries.

Replacement is given by the expression

£ + dfL2 + dfL>

Ry = {d, 2 3

> * It

where the d's are determined during the estimation of the model and are

required to sum to unity, f(L) = (1-1)/(1-AL) where L is the lag

operator, and )\ is determined by the average service Life of equipment

for that industry.

—

The model which is derived consists of four equations- equipment
——a

investment, demand for production workers, demand for nonproduction

—————

workers, and energy demand- while the model actually estimated consists
am— RN

of only an investment equation and a total labor resuirements eguation.
SRS

Data Limitations prevented the estimation of the full four equation

model. However, industry specific energy prices are introduced into the
model and play a significant role in explaining investment and
productivity by industry. The dynamics of investment and productivity
are closely related. Consequently, care is taken that the distributed
lag structures on the independent variables in the respective equations
are consistent with the underlying production function.

There are two distinguishing features of this study which represent
departures from much recent empirical work in factor demand. First, all

dependent variables in this model are actually observed. In contrast
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the latest published studies usually include dependent variables which
must be constructed. Typically, the dependent variables depend upon
some measure of the capital stock and the user cost of capital, neither
of which are observed. As a corollary to this first feature, we have
earnestly tried to minimize the dependence of the empirical results upon
a prior measure of capital. This desire has lead us to avoid a popular
procedure of introducing measures of capital into the productivity
equation as an explainer of dynamic behavior.

Second, the purpose of the model presented in this study is to
forecast annual movements in investment and productivity up to 15 years
into the future. To accomplish this, the model is embedded within a new
72 sector input-output model designed by members of the INFORUM
project.2 This new model includes many important macro features which
the older INFORUM model did not have. Consequenity, greater structure
in imposed upon the investment-productivity submodel than is required by
the production function alone, so that forecasts we deem reasonable are

generated. Specifically, own price elasticities are not allowed to be

positive, and capital and Labor are not permitted to be complements.

The first condition is most crucial both because the weight of empirical
evidence supports it, and because should the condition be violated, the
model would give forecasts which, in our view, would be indefensible.
The second condition is not as crucial, yet was imposed because there is
considerable empirical evidence supporting it. .?

The plan of the study is as follows: Chapter 2 presents a selected
review of the relevant literature. In Chapter 3, we derive the model
itseLf, while in Chapter 4, we discuss the construction of the data.

Chapter 5 presents a discussion and defense of the method of estimating

)7
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the model, an overview of the industry time series on productivity and
capital growth, and relative price movement, and the empirical results
of estimating the modéL. Finally, Chapter 6 presents simulation results
by comparing "actual" investment and employment through 1983 with those

predicted by the model.
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FOOTNOTES

See Almon et.al. in (2) for a complete description of the INFORUM
model.
See Almon (1) for a description of a preliminary version of the LIFT

model.
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Chapter 2

Survey of the Literature

1. Introduction

This chapter contains a discussion of some of the recent
developments , both theoretical and empirical, which have preceded and
given rise to the present study. The discussion of past investment work
will emphasize developments since the appearance of Jorgenson's survey
article on investment behavior (23) _jn 1970. A brief review of the

earlier work is mentioned insofar as that work remains relevant and

useful today.

A review of econometric work on employment behavior has recently
been published by Hamermesh (20). My comments in this area will,
consequently, be brief. I will concentrate mainly on the salient
features of his article which are relevant to the present study.

In the next section, there is a brief summary of the econometric
work on investment behavior reviewed by Jorgenson and important to this
work. In section 3, there is a review of the employment literature with
special emphasis upon the empirical findings on the sensitivity of labor
demand to various input prices. Section 4 contains a review of the
empirical work after 1970 and a discussion of the major theoretical
developments in factor demand analysis. In addition, there is a review
of a number of empirical studies which have made use of this theory. 1In
the concluding section, there is a brief critique of the past work with

a view to those areas which this study is especially designed to



address.

2. Investment Work to 1970
There were three developments of this period upon which this study

has heavily relied. The first was the formulation of numerous methods

for regaramg;erizjng distributed lag functions for thgoretical

desirability and computational simplicity. As surveyed by Griliches

(16), these methods permitted the researcher to impose what he believed
were reasonable patterns upon the distributed lags without directly
constraining the parameters themselves. During these years, the
geometric distributed lag function was the most popular among
researchers, although others were empLoyed.1

The second development was the decision to view investment behavior
in two stages. In the first stage, an expression was either derived or
assumed which explained the "desired"” capital stock. The "desired"
stock is defined as the long run equilibrium amount of capital employed
if all determinants of capital, usually output and relative prices,
remained unchanged from théir initial values. From the desired capital
relationship, one may then readily derive a "desired" net investment
equation by taking derivatives of both sides and approximating the time
derivative of desired capital with the first difference in the desired
stock of capital; i.e., desired net investment. In the second stage,
investment by assuming, deriving or imposing upon the desired net
investment expression a distributed Lag function, selected from the many
reviewed by Griliches. The distributed lLag would relate actual net

investment to present and past changes in desired net investment. From
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such a relationship, the researcher could trace out the actual path over
time of investment induced by a one-time change in one of the
independent variables.

The third development, as Jorgenson points out, was the distinction
between net investment, i.e., investment aimed at increasing the capital
stock, and replacement investment, which results from the fact that
equipment depreciates over time. As a consequence, some investment
would be necessary merely to maintain the capital stock. Most
researchers assumed that replacement was a constant proportion of the
capital stock, suggesting that the underlying mortality distribution for
investment goods was geometr‘ic.2

Much of the debate of this period was over the determinants of the
desired capital stock,3 while the distributed lag pattern for actual net
investment was simply a matter of choosing the pattern which provided
the best fit. 1In addition, most studies were done at a very aggregate
level.4 using quarterly data. Finally, none of the researchers who
assumed a neoclassical production function seemed concerned about or

interested in the properties of the employment equation implied by the

parameter estimates in the investment equation.

3. Econometric Work on Employment

The studfes on labor employment have primarily dealt with and
answered questions related to the short run behavior of labor demand.
As Hamermesh states, there is a considerable aggreement among the
studies about the short run (one year) elasticity of labor with respect.

to its own price, approximately -.15, and output, approximately .75.
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Hamermesh divides the labor demand studies into three categories.
The first are those which employ the marginal productivity condition of
Labor. This means nothing more than formulating a Labor demand equation
as a function of output and the wage rate. The second type includes
those studies which introduce the user cost of capital into the
equations in addition to the wage rate. The third type is the
"interrelated factor demand and adjustment” approach which integrate the
employment equation within an overall factor demand model which includes
at Leasf an investment equation and possibly other input demand
equations. This third group of studies, within which this work belongs,
will be discussed more fully in the next section.

There seems to be no significant discord among the studies within
the first two catégories, as stated above. As far as the present
investigation is concerned, the ﬁajor'importance of these earlier works
is that the assumption of constant returns to sEaLe which is made in the

next chapter is not completely unreasonable.

4 .Recent Work on Factor Demand

A number of major criticisms have been directed at Jorgenson's
uork.? Partly as a consequence, in the past 10 years there have been
important improvements in two of the pre-1970 developments discussed in
section 2. First, researchers have explicitely recognized that th;/

adjustment patterns of different inputs in production might be

interrelated. This recognition has led to a generalization of the
distributed lag models used earlier in investment studies by Jorgenson
and others. The second development, and most important for this study,

is the proliferation of new, more flexible functional forms for both
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production and cost functions which, in turn, have lead to factor demand
models capable of asking and answering more questions. Each of these

developmentdwill be discussed in turn.
Factor Demand Models with Interrelated Dynamic Behavior

A number of researchers have extended the theoretical work on
adjustment costs begun by Eisner and Strotz (13) and Holt, Modigliani
and Simon (22).. As a result, optimizing models of the firm have been.

//derived which explicitﬁty take account of the adjustment costs of
changing the levels of various inputs.6 In addition, these studies have
firmly established the interrelatedness of the adjustment patterns of
the different inputs, suggesting that distributed lag specifications
must be consistent across factor demand equations and with the
‘underlying production function.

Nadiri and Rosen (31) undertook the most extensive early
econometric a;plication of these new theoretical models. They specify a

seven-factor Cobb-Douglas production function and solve for the static

cost minimizing factor demand equations given input prices and output:

Y* = B%Q + A*R (1)

where v* is a column vector of Logarithms of desired inputs, @ is the
logarithm of output, R is a column vector of logarithms of input prices,
and B and A are a column vector and matrix of coefficients,

respectively. They then impose upon this static model a log Linear



adjustment system

7
*

e = Y, = S 1S PO I & . 2

Vit Yit-1 jélc11*(YJt YJt-1) et @)

where th* is the desired (log of) input j at time t, th

is’a random, zero mean, constant variance

is actual log
of input j at time t, ey
disturbance term, and (:_ij is a fixed adjﬁstment coefficient relating the
demand for the ith input to a divergence from equilibrium of the demand
for the jth input. Equations (1) and (2), combined with certain
restrictions on the adjustment matrix in order that it remain consistent
with the production funct'ion,8 then lead to a system of factor demand
equations qhich are estimated both at the manufacturing level and at the
two-digit SIC Level.

The Nadiri-Rosen study should be viewed as an important
contribution to econometric work on factor demand because it attempted
for the first time to estimate a complete system of factor demand
equations which generated dynamic behavior for all inputs consistent
with the underlying production function. An important shortcoming of
the model, however, is its use of the Cobb-~DPouglas production function.
This deficiency may now be corrected thanks to the development of new

, 9
functional forms for production and cost functions.

buality Theory of Cost and Production Functions



- 19 -

The development of new functional forms for factor demand analysis
was a direct result df the Duality Theory of cost and productions
functions. The word "duality" here refers to the fact that, from any n
factor production function satisfying certain regularity conditions
(discussed below), we may derive a "dual" minimum total cost function
under the assumption of minimizing behavior and, conversely -- or
better, "dually"--, from a given minimum total cost function satisfying
approximately the same regularity conditions, the "dual" production
function may be derived, again under the assumption of minimizing
behavior. The new production function may, in turn, be used to derive
the original cost function. Consequently, for any "well behaved"
production function there exists a "well behaved" cost function, and
vice versa. This result has been very important for those interested in
the determinants of demand for factors of production. For, it has also
been shown that a very simple relationship exists between minimum total
cost functions and factor demand equations.

The theory of duality begins with the definition of the production
function. Define F(x) as the maximum output which may be produced given

th

input bundle x = {xy,ess,x }. Label the i*" bundle as x' =

{x11,...xn1}. In addition, x' >= x3 will mean that each component of

the bundle X5 is at least as large as the corresponding component in
bundle xj. By & we mean the non-negative orthant in n dimensional
Euclidian space; and Q represents output.

Assume that the production function satisfies the following

regularity conditions:10

——
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(a) F is a real valued function of n real variables, and
F is finite for finite x.

(b) F(D) = 0 and for x' >= xJ, Fix1) >= rexdd.

(c) For any positive integer N, there exists a vector,
say xN, such that F(xN) >= N.

(d> F is continuous.

(e) F is a quasiconcave function over @ ; i.e.,
the set L(Q) = {x: F(x) >=Q, x € © } is a convex

set for @ > 0.

Conditions (a), (b) and (d) impose the intuitively compelling
properties that the production function be real valued, non-decreasing
and continuous, respectively. Condition (c) means that any positive
output may be produced by some input combination, while condition (e) is
a generalization of the neoclassical condition that F be concave, i.e.,
F exhibits diminishing returns with respect to any one input. Diewert
(12) showed that the concept of quasi-c&Eavity is a generalization of
the notion of concavity.

Now, define the production possibility set for a given output Q@ as
L(Q) = {x: F(x) >=Q, x >= Q).

The production possibility set is, therefore, the set of input bundles
which can be used to produce at least a given level of oﬁtput, Q. The
set is a function only of @, for by varying output the set of inputs
which may at least produce that level of output will vary. Diewert (12)

showed that conditions (a) through (e) on production functions imply the
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following conditions on the production possibility set:

(a') L(0) = q , the set of all possible input bundles.

(b') For every @ >= 0, L(Q) is a convex set.
(c") If x' >= x? and x' ¢ L(Q) then x? ¢ L(Q).

(d*) If Q1 >= Qz then L(Q1) is a subset of L(Qz).

(e') For every x ¢ 9 , there exists a @ such that x ¢ L(Q).

(f') G is closed where 6 = {(@;x): x ¢ L(®, x >=0, y >= 0}.

Finally, given a family of production possibility sets, L(Q),

satisfying conditions (a') through (f'), the function

F*(x) = max {Q: x € L(Q}
Q0

itself satisfies conditions (a) through (e). In addition, the family of
m

production possibility sets generated by F (x), namely, L (@), coincides
e

with the original family of production poss1b1l1ty sets L(Q.

The discussion above”reveelshth;f there exisfs a.correspondence
between production functions which satisfy certain conditions and
production possibility sets which satisfy certain conditions. A
similiar correspondence exists between production possibility sets and
cost functions.

Suppose we have a production function of n inputs generating a
single output. Assume this production function satisfies conditions (a)
through (e). Then the production possibility set, L(Q), generated by
this production function must satisfy condition (a') through (f'). Now,

assume the producer wishes to minimize the cost of producing a fixed
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output, @. Then we may define the producer's minimum total cost

function as
c(Q;p) = min {pTx : x € LAY for p >0 3
X

where p is a vector of input prices. Diewert (12) has shown that the
cost function defined by (3) ,where L(Q) satisfies (a') through (f"),

must satisfy the following conditions:

(a") C(Q;p) is a positive real valued function defined and
finite for all finite @ > 0 and p > 0.
(b") C(@;p) is a nondecreasing left cpntinuous function in Q
such that Lim C(Q;p) = =,
Qe
(c") C(Q;p) is a nondecreasing function in p.

(d") C(@;p) is Llinearly homogeneous in p.

(e") C(@;p) is a concave function in p.

Now, using this cost function, which is defined given a production
possibility set, we may generate a new family of production possibility
* . . . .
sets, L (@ . This new family is written as

Yo =0

L@ = {x: pTi >= C(Q;p) for every p > 0 and x >= 0.
Diewert has shown that this new production possibility set will satisfy
conditions (a') through (f'). 1In addition, if the original set, L,
satisfies conditions (a') through (f'), then L will bé identical to L*.

The importance of this proposition is obvious. If a properly behaved
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production possibility set is derivable from a cost function‘satisfying
conditions (a") to (e"), and if a correspondence exists between these
sets and the underlying production function, then the cost function is
all that is needed to analyze the structure of production.

Finally, if the cost function C(Q;p) satisfies conditions (a")
through (e'"), and is differentiable with respect to factor prices, then

according to Shephard's Lemma
aC/3P, = X.
i i

where X_i is the cost minimizing bundle of input X5 needed to produce

output @ given factor prices p.

Duality theory, therefore, allous.one readily 1o ascertain factor

demand functions which are the result of optimizing behavior by the

fi:ﬁ: In fact, all we need do is find a function which satisfies
conditions (a") to (e"), and we know that we have a cost function which
is derivable from cost minimizing behavior by the firm. Even though we
know that the function comes from a "well behaved" production function,
embodied within the definition of L*(G), we would never need to "look
at" the underlying production function. The cost function supplies us
with all the information we need.

As a result of the Duality Theory just described, a number of
functional forms have become available to researchers and have been
utilized in empirical work. I will discuss two such functions, although

others may be found in the literature.



Translog Cost Function
Christensen,Jorgenson and Lau (9) have proposed the following cost

function:

In C = ag + § aiLn P_i + (1/2)§ § bijln Piln Pj' (4)

+ ann Q + E biQLn Piln Q

where @ and P are observed output and input prices, € is the minimum

total cost and bij = bji' The symmetry constraint on the bij's gives

partial derivatives of the budget shares which are symmetric. The main
advantage of this functional form, as with the one discussed below, is

that it is a second order approximation of an arbitrary twice-

11

differentiable cost function which does not place a priori

12

restrictions on the Allen partial elasticities of substitution (AES).

In particular, if b_ij = 0 for all i,j, then the cost function reduces to

the dual of the Cobb-Douglas production function. 1In addition, (4) may

be used to test returns to scale econometrically. Constant returns to

scale would be supported should ag = 1 and biQ =0 for all 1. Finally,

if ¢b,. = Ib.,., =0 and £ a. = 1, the function exhibits linear
i 1] j N {i 1

homogeneity in input prices.

To use econometrically, take log derivatives of both sides of (4):



- 25 -

aln C/5ln Pi = a, + § bijLn Pj + biQLn Q

Since ial.n(:/aLnP_i = (aC/aPi)*(Pi/C) and aC/aP_i = Xi by Shephard's Lemma,
where xi is the cost minimizing demand for the ith input, the left side
of the above equation is Pixi/c, which is the budget share of the ith

input, Si. Thus

si = ai +3T b

..lLn P. +b.. Ln Q.
3 13 j i@

(5)
Now, since all the variables in (5) are observable, the parameters may
be estimated and elasticities and returns to scale may be determined.

There have been numerous studies which have made use of the
translog functional form. They may be distinguished by the type of
questions that they address.

The first group of studies are those which test the separability
properties ot the underlying technology. Berndt and Christensen (&)
showed that a necessary and sufficient condition for weak separability
to exist with respect to a partition of inputs is certain equality

restrictions on the AES.13

In (5), they test the hypothesis that blue
collar and white collar workers are weakly separable from capital. The
hypothesis is accepted if the AES between blue collar workers and
capital is not significantly different from the AES between white collar
workers and cabital. Their conclusion is that the hypothesis must be
rejected, which in turn implies that there is no way to construct a

consistent aggregate index of blue and white collar workers in u.s.

manufacturing. Berndt reports in a separate study (3) that structures
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and equipment are not separable from labor. From this, he concludes
that structures and equipment should be studied in a disaggregated
framework.

A second group of studies were designed to investigate the

relationship between capital and various kinds of energy inputs. These

-

studies have generated an active debate in the Lliterature about the

capital-energy relation since the nature of this relationship leads to
divergent implications for government policies. The disagreement has

come down to whether capital and energy are complements or substitutes

in production. Berndt and Wood (6) found evidence of capital-energy
complementarity using time series data from 1947 to 1971 for all
manufacturing. In addition, their elasticity measure was extremely
high, above 3.0 in absolute value, suggesting that capital is very
sensitive to change;hknergy prices. On the other hand, James Griffin
and Paul Gregory (17) and Robert Pindyck (32) report energy-capital
substitutability. Berndt and Wood in (7) attempt to reconcile these
divergent findings.

A third group of studies use the translog functional form as an
aggregation formula for an index of aggregate inputs. Diewert showed
that the translog functional form provides a superlatiye index number
formula for the translog produétion function. As applied by May and
Denny (26), one may use the aggregation formula provided by the translog
function to generate an aggregate index of inputs which will, in turn,
Lead to proper measures of total factor productivity. May and Denny go
on to show that further modification of the production function allows
one to begin to disintangle the various kinds of technical change thaf

may occur in production.
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There is one published example of a study which seeks to combine
the transtog cost function with a model of dynamic behavior. Mohr (29)
combined the cost function with a generalized stock adjustment model
which he hypothesized could adequately represent the dynamic behavior of

the cost shares. More is said about this study below.

Generalized 1leontief Cost Function

Diewert (12) proposed the following cost function:

C = h(® 3zb,.P. 2P ">
PR B
where h is continuous, monotonic in @, and h(0) = 0; and B = (bij) is a
symmétric n by n matrix with non-negative elements. It is easily shown
that under these conditions, C satisfies conditions (a") through (e")

above.14

However, the non-negativity of B places severe restrictions
upon the parameter estimates of the cost function. This may be seen by
computing the ijth AES using the relationship between the cost function

and the elasticity first established by Uzaua:15

‘ - =5, =5
Esij = .S*C*h(Q)*biij Pi /Xixj

In the case where all bij's are positive, all factors in production are

——

substitutes in the production process. But, as was mentioned earlier,

—

it is entirely possible when dealing with more than two factors of

production that some inputs a:e actually complements. Thus, it will be
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desirable to allow, at lLeast initially, unconstrained signs on the
bij's’ suggesting the possibility of complementarity among some pairs of
inputs. Therefore, if the bij's were to be estimated econometrically,
and some were found to be negative, the researcher would then have to
check for the concavity of C given historical prices, as well as the

monotonicity of C given factor prices.16

Assuming h(®@ = @ and applying Shepard's Lemma gives factor demand

equations which are lipear in the square root of relatjve prices:

- .3
X,i =Qzb

.. (P./P.)
PRI B

One may then estimate the factor demand system using conventional
econometric techniques, and be capable of answering many questions about
the structure of technology.

The GLF may easily be extended to incorporate non-price variables 7
that might affect factor demand.17 Let p be 2 n x 1 vector of input
prices and Z a m x 1 vector of other yet to be specified variables.

Then the revised GLF (RGLF) may be written as

T T
cca,P,2*) = axp"> gp*d + .5#z* az*

where B is described above and A is an (n+m) by (n+m) symmetric matrix,
T

and 2* = (ZT;PT). We will require aij = 0 for all Pi and Pj where Pi

refers to the ith input price. Then the Hessian of the revised GLF

reduces to that of the GLF above. This may be seen if we write the
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A A
latter part of the RGLF in partitioned form. So LetAF[gi 0%]uhere A1 is
anm x n symmetric matrix, A2 = A3T = A*, and 0 is an n x n matrix of

zeros. Then (7) becomes

3

T
axp°> BP° + .S*ZTA1Z + pla%z

T A (z
€a,P,z*) = axP*> BP*> + .5%(Z ;P ) [21 02] (P)

c¢Q,P,2)

The Hessian of this cost function, then, becomes exactly identical to

the Hessian of the GLF, namely

-1 .5 -5 : .

“a Z o o - . -
S*Qx 3 b‘lJ P_' PJ 1 J
--S -.5 3 .
.S*Q*bijpi Pj 1 # ]

azc/apiap. =

Therefore, concavity of the RGLF depends entirely upon the matrix B. If
all bij's are positive, implying that all inputs are substitutes, then
concavity follows immediately. If some of the bij's are negative, then
the negative semi-definiteness of B must be tested.

There are two published studies which I am aware of which have made
use of the GLF functional form. Almon, Belzer and Taylor in (1) apply
the GLF function in an attempt to estimate the energy input per unit of
output for 20 two digit manufacturing industries in 48 states using
cross section data in 1975. They found a high degree of sensitivity of

various energy inputs to their own price. The cross price elasticities
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inaicated substitutibility among the various inputs, an outcome
resulting from an estimation procedure which did not allow
complementarity between pairs of inputs except in the case of capital
and energy.

A second study by Woodland (37) applied the RGLF to annual time
series data for ten Canadian industries. The study attempted to measure
the relationship between Labor, structures and equipment in production
in each of these industries. He assumed complete adjustment of inputs
in a year. His major findings are that structures and equipment are
highly sensitive to their respective own prices while labor'is highly

unresponsive to its own price.

5. Critique and Conclusions

The new functional forms for production and cost functions have
been shown to be most useful tools for empirical analysis. However, the
empirical works to date which have made use of these functions are not
without significant flaws.

When using the translog functional form, the presence of
measurement error in the independent variables makes interpreting the
results difficult. If, for example, the usercost is subject to serious
measurement error uncorrelated with the cost shares, which may not be an

unreasonable assumption, then the coefficient estimates on the usercost

will be biased towards zero, and the elasticities of substitution will

be biased towards 1. Consequently, the Llack of correlation between,

say, capital's share and its own price may be the result of measurement

error in the usercost, rather than resulting from some underlying

structure ot technology. This problem also exists if one should use the
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Diewert function. The measurement error will, in this case, lead to

elasticity measures bijased towards zero, 1If one is interested in

determining the sensitivity of the demand for an input to a vector of

relative prices, it seems more reasonable to try to reject the null
hypothesis that the elasticity is zero. Otherwise, one might conclude,
using the translog function, that there is indeed significant
correlation when in fact there is no evidence to support such a
conclusion.

ALL but one study which have made use of the translog functional
form and the one study which has made use of the GLF with time series

data have assumed that observed inputs and relative prices represent

equilibrium _valyes. This is unquestionably an incorrect assumption, one

which contradicts much work on investment behavior ovér the years. In
addition, the translog presents a special difficulty for dynamics. In
Mohr's work, the assumption is made that the generalized stock
adjustment model may be applied to the cost shares. There are two
problems with his approach. First, although theoretical work shows that
the stock adjustment model generates a reasonable dynamic structure for
factor demand systems, it is not clear that such a model is best for the
dynamics ot cost shares. For example, one's expectation would be that
when the price of an input goes up, the cost share of that input would
go up, initially, above its eventual equilibrium value. Thus, one would
expect a rather uniform overshooting of cost shares, initially, in
respénse to price changes. Typically, however, the generalized stock
adjustment model generates dynamic behavior which showsthe dependent
variable moving monotonically towards its new equilibrium value, the

kind ot dynamics which cost shares should not exhibit. Second, the use
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of the tfanslog in Mohr's work provides information on the dynamics of
the cost shares, yet does not give direct information on the dynamics of
the input demands. Mohr was interested in distinguishing between the
long run demand for factors and the short run cyclical variation. To do
this, he had to construct a series which represented the minimum total
cost in each year. Although he makes a serious atempt to do so, his
method must be looked at with caution. Had the GLF been used, the
distinction between short run and long run factor demand could have been
readily made.

Finally, no studies to date have attempted to use these new
functional forms to estimate investment equations. All studies have
estimated onlz capital demand eguatjons. Thus, their results depend,
heavily, upon the method used to construct the capital stock. A more
stringent test of a particular cost function would be to derive and

estimate an investment equation. The next chapter does just this.
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FOOTNOTES

For example, Grunfeld (18), Meyer and Glauber (27), Evans (15),
Hickman (21), and Hall and Jorgenson (18) all utitized the
geometric distribution Lag function. Holt, Modigliani and Simon
(22) provided some theoretical justification for such a lag. For
other examples, see Jorgenson (23).

Virtually all studies surveyed by Jorgenson which attempted to
measure capital assumed such a distribution. The popularity of the
geometric distribution appears to be due mainly to its mathematical

tractability. Klein (24) points out, howvever, that one o e

implications of the geometric distribution, that depreciation be a

\

constant proportion of the capital stock, is not supported by

survey data.

As an example of this debate, see the Eisner (14) and Coen (10)
comments on Hall and Jorgenson's paper (19) which made use of the
Cobb Douglas (CD) production function to measure the affects of tax
policy on investment demand. See Klein (24) for a summary.

Among the exceptions were Meyer and Kuh (28) and Almon, S. (2).
Brechling (8) briefly reviews the criticisms and offers a few of
his own. Also see Klein (24), Eisner (14) and Coen (10). Among
the criticisms are: (j) the Cobb Douglas is a much too restrictive
function to use for investment work; (ii) the derived equations
actually used by Jorgenson are not the factor demand equations

implied by the CD production function assuming optimizing behavior

by the firm; and (iii) the distributed lag pattern used is without
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" Substituting (1) into (2) gives Yt=CBQ+CAR+(I-C)Y
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theoretical justification and inadequately accounts for future
expectations of relevant exogeneous variables.

See Brechling (8), Treadway (33),(34),(35), Craine (11), Lucas (24)
and Mortensen (30).

The inputs are: capital, production workers, non-production

workers, their respective utilization rates, and invegtories.

t=1° This
[ ]
expression is entered into the production function, @=d Y, to give

a=d'B¥a+d' A*R+d (I- MY where B*=CB and A*=CA. The expression

t-1
is satisfied at all times only in the case where d'g” = 1; d'a* =
0; and d'(I- A) = 0. Thus, we have the additional constraints
imposed upon the model.
There was, in addition, severe data problems which greatly
restricted the model. For example, the model was able to include
only one relative price- namely, the price of capifal relative to
the wage rate.
The discussion on duality which follows is taken from Diewert (12).
This is true only if the estimated parameters are such that the
translog satisfies conditions (a") through (e').
The AES for a technology with n inputs is defined as the percentage
change in the ijth input ratio in response to a percentage change
in the jith relative price, holding output and all other input

prices constant. Uzawa (36) showed that the AES may be written,

using the cost function, as Esij =C cij’cicj where the subscripts

refer to partial derivatives with respect to input prices. Using

the cost function expression for the AES, it may be shown that the

AES for the CD is unity; and for the CES, it is constant.
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A cost function is weakly separable with respect to a partition of
inputs, R, if the ratio of marginal products of any two inputs, )(_i
and xj, from a subset of R, say Ns’ is independent of the
quantities of inputs outside Ns' A cost function is strongly
separable with respect to the same partition if the ratio of
marginal products of xi from Ni and Xj from Nj is independent of
the quantities of inputs outside of Ni and Nj.

See Diewert (12).

See note 12.

Concavity may be determine by observing whether the Hessian is
negative semi-definite. See Diewert (12) for a discussion.

The translog may be extended in Like fashion.
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Chapter 3
A Model of Factor Demand

1. Introduction

In this chapter, a model of factor demand is presented. In section
2, the underlying theoretical assumptions are explained and a system of
demand equations is derived. 1In addition, there is a discussion of the
necessary equilibrium properties which imply certain restrictions on the
sign patterns and estimated parameters of the model. The elasticity
measure used in the latter part of the study is also derived. 1In
section 3, dynamic considerations lead to a modification of the
equilibrium model of section 2 by introducing distributed lLags in a way
which satisfies the production function constraint and Leaves invariant
the Long run properties of the model. 1In section 4, a method of
estimating replacement investment is developed which allows patterns of
depreciation to vary among industries, given an éssumed maximum

allowable average service Life. An expression for measuring the capital

stock is then derived. One sees that the measure of the stock is

dependent, not only upon the assumed average service Life of capital,

but also upon the parameters resulting from the estimation of the factor
demand model. Finally, section 5 is a brief recapitulation, presenting
the final framework within which the industry specific factor demand
models are estimated.

Although we begin with a four input production function, we derive
only three equations in this chapter - investment, demand for production

workers, and demand for nonproduction workers. 1In addition, we report
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results for only a two equation system in Chapter 5. There are two
reasons why the smaller system was estimated. First, energy data at the
industry level was not available when this study was undertaken. So,

one equation simply could not be estimated. Second, early estimates of

a three equation system which distinguished between production and

nonproduction workers as well as capital, gave parameter estimétes which

we felt were unacceptable. A brief discussion ot these results is found

in Chapter 5. In addition, we found that for forecasting purposes,
there was no real need to distinguish between production and
nonproduction workers. Consequently, we chose to aggregate labor and

estimate one labor requirements equation.

2. Theory

We shall assume there exists for each industry in the U.S. economy
a twice differentiable production function relating the flow of output,
@, to a vector of 4 inputs: capital (K), pfoduction workers (L1,
nonproduction workers (L2), and energy (E). Further, we assume that

production is characterized by constant returns to scale and that

technical change is Llabor augmentiqg_§nd capital aggpenting, growing_at

exponential rates a, and a, for production and nonproduction workers,
—

respectively; and a, for capital. Disembodied technical change is
1

assumed to grow at exponential rate a The production function may

D.
then be written as

a1t a2t t a.t

Q@ = Q(Ke * ,Lte ,L2ea3 sBde D )
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. Each industfy is viewed as seeking to minimize aggregate cost subject to
the production function in (1). Then, as was discussed in the_previous
chapter, underlying this behavorial assumption, there exists a dual cost
function to the production function (1) which gives the minimum total
cost ot producing a given output, Q, subject to an exogeneous vectof of
input prices. These input prices are given by {Pk, PL1’ PLZ' PE}. The

dual cost function may then be written as
-aDt (2_)
C(Pt,Qt,Zt) = Gt*C(PKt’PU t,Pth,PEt,Zt,t)e

where 7 represents a vector of nonprice factors influencing cost

(possibly only in the short run) and C is the cost per unit of output.
The cost function (2) must have continuous first and second partial
derijvatives and exhibit concavity with respect to prices for all
positive values of Q.

For the purposes of this study, a variant of the Generalized
Leontief Cost function (GLC) suggested by Diewert is employed. Thus,

(2) may be explicitly restated as
-a.t
- Sgp 5 . D (j)
C(Pt'Qt'Zt) = Qt*(Pt BPt + Pt AZt)*e

where

a &4 by 4 symmetric matrix of constants;

output;

' = .
P {PK, PLy” PLZ' PE},
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> ~
] "

pattern short of generating negative costs.

a vector of nonprice determinants of cost;

and

a 4 by n matrix of constants with any possible sign

Since the cost function in (3) is assumed to be the dual of the

underlying production function in (1), Shepard's Lemma may be applied to
derive static, cost minimizing factor demand equations which relate the

inputs which are the arguments of (1) to relative prices and output.

Doing this gives the following factor demand equations:

-aDt 5
X, = e *Qx{Z b..(P,/P.)"°
i g i3t
t
where
b5 = by4s
a,t a,t a,t
Xi = {Ke 1 sSLle 2 sL2e 3 +E};

Pj and Zj are as previously de

+ Z a.
j 1

fined.

.2
J

.3
J

i

= 1’---4

(4)

One may observe that the bij's may be estimated directly. However,

certain sign patterns on the bij's can lead to a violation ot one or all

of the necessary conditions which allow this functional form to Lay

claim to being the dual of a well behaved production function.

recapitulate, those conditions are:

(i) C >0 for allL @ >0 and P
(ii) 3c/3a >= 0 for all P > Q;

(iid 3C/8Pi >= 0 for i = 1,...4
2

>0;

.
’

iv) BZCIBP is negative semi-definite.

To
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In the case where b_ij >0 for all i,j, conditions (i) through (iv)

automatically hold. In the case where not all the bij

than 0, conditions (iii) and (iv) would be explicitly checked.

's are greater

Conditions (i) and (ii) follow immediately from (iii) and the assumption
of constant returns to scale, respectively.

The non-negativity requirement (iii) states that the model generate
positive factor demands. This may be immediately checked by observing

the predicted values from the estimagjon. As Long as they remain

W

positive, the results remain consistent e the underlying theory.

To check concavity, the matrix of second partial derivatives,

/=5 &b,. P.°°p. 1*°
j 1) ] 1

-
n
[

-5 -a5
- G*bij Pi Pj

i#]
must be shown to be negative definite. One may establish negative
definiteness by showing that the successive principal minors of =M are
all positive in historical prices. I1f the principal minors are all
positive, then -M would be positive definite, implying that M is
negative definite.2

It is readily seen that allowing negative bij's leads to
considerable difficulties since this Liberty makes it necessary to check
whether or not the model actually estimated continues to obey all the
desirable conditions. However, the non-negativity of elements of B
places undesirable restrictions upon the parameter estimates of the cost
function.

We may see the relationship between the parameter estimates and the

elasticities by computing the Allen partial elasticity of substitution
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(AES) . Uzawa (3) has shown that the AES, Sij,for a pair of inputs i and

j is related to the cost function in the following way:

S..'j = C*Cij/CiCj (5

where C_i and Cj are the partial derivatives of the cost function with
respect to the ith and jth prices, respectively. Applying (5) to (3
gives

.5 -IS

S.. = C*Qxb..P. "°P.
ij i j

ij lz*xixj (6)

which is positive for positive bij' This amounts to the requirement
that atl factors of production be substitutes in the production process.
But,it is eﬁtireLy possible when dealing with more than two factors of
production that some inputs are actually compLements.3 Thus, one might
typically allow, at least initially, unconstrained signs on the bij's,
permitting the possibility of compLemeniarity among some pairs of
inputs.

Estimates of the AES between capital and Labor in (6) are reported
in Chapter 5. As may be seen in (6) fhe elasticity measures may differ
with differing input prices, factor demands and lLevel of output. In

addition, the elasticities clearly will differ among different pairs of

inputs. This is a very desirable property of this factor demand system.

3. Dynamics

Equation (4) is but an incomplete formulation to use to estimate
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actual employment of capital, lLabor and energy by industry over time.
There are a number ot reasons further moodification is called for.

First, (4) represents an equilibrium condition. That is, if both
prices and output were known with certainty and if, having this
information, costs of adjusting factor employment were zero, and,
therefore, adjustment were instantaneous, then (4) would be an adequate
formﬁlation to empirically estimate factor demand equations. However,
the existence of uncertainty about future price behavior lLeads firms to
react to expected relative priceé and expected demand, i.e., their
perceptions about what prices and demand will be for the relevant
future. In addition, the desire to change factor proportions may be
costly. The literature on investment has for some time assumed that
.there exists costs to adjusting the capital stock. And the theoretical
work on adjustment costs has demonstrated that these types of costs
suggest that a model such as (4) would fail to capture important
behavior.4

A second reason why (4) is only a partial development of a more
complete model has to do with how one estimates the demand-for-capital,
on the one hand, and the demand-for-labor, on the other.

We desire to estimate a capital equation which is rooted in the
mainstream of empirical work on investment. Consequently, (4) must be
modified so that an investment equation may be estimated along with

employment equations. In addition, the investment equation must be

capable of distinguishing between net investment, with which movements

in relative prices and demand are more closely correlated}7and
-]

IR

replacement investment, which is determined more by patterns and speeds

of physical depreciation of the capital stocke.
TR
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The employment equation presents a different kind of problem. The
position taken in this study is that adjusting the Level of employment
to a change in demand, a movement from one isoquant to another, is
relatively costless and that this demand related adjustment may
certainly occur within a year. Consequently, the labor employment
equation is reformulated as the inverse of average lLabor productivity.
It is felt that in so doing, little is Lost by assuming that lLabor
demand adjusts within a year to new output levels. In addition, the
employment equation then becomes what amounts to a direct estimation of
average labor productivity, a variable with very far reaching
implications for the rest of the economy.

Average labor productivity is not, however, completely unrelated to
cyclical changes in demand. There is strong evidence that Llabor
exhibits increasing returns over the business cycLe.5 There is Little
reason to expect movement in relative prices to explain this

6 .
phenomenon. Consequently, (4) must be modified to incorporate this

cyclical behavior while at the same time not allowing such behavior to

affect the Long term movement in average labor productivity.

These shortcomings of system (4) may be generalized in the
following way: (4) is not sufficient as a dynamic model of factor
demand. Although this criticism should not come as a surprise, it is,
nevertheless, ignored by countless studies over the recent past which
have attempted to %ftimate models of factor demand with moré than 2

factors included. The model developed below explicitly introduces

dynamics into (4) in a way which preserves the long run structure ot

factor employment as reflected in the equilibrium condition (4) while at

the same time allowing adjustment among the inputs which does not
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violate the production function constraint‘underlying the entire
analysis.

In empirical work, dynamic behavior implies the existence of
distributed lags. Thus, how may lags be properly imposed upon the
system ot equations in (4)? To answer this question within the context
of a two input model, we may make a distinction between the lags on
changes in output, which reflect the dynamics of moving from one
isoquant to another; and lags on relative prices, which reflect the
movement along any particular isoquant. The former type of lag may be
distinct for each input. The latter must be identical among pairs of
inputs.

To gain a clearer picture of the proper lag structures, consider a
continuous concave production function of two inputs, K and L: @ =
Q(K,L). The function may be represented in two dimensions by a pair of
isoquants. The two isoquants displayed in figure 1 show that,

0, PKO} to generate

initially, inputs {LO,KO} are employed at prices {PL
output QO' Now assume that, as relative prices remain unchanged, demand
increases to Q1 » which leads, in thg new equilibrium, to factor
employment of {K1,L1}. The question then becomes: what path does the
firm take to get from {LO,KO} to {L1,K1}? The answer is that there are
many possible paths which might be taken which are not inconsistent with
the underlying production function. In figure 1, arrows numbered 1 and
2 represent steps taken in each of the first two periods after the new
demand is discovered. According to this path, the employment of L
adjusts completely in the‘first period while K adjusts not at all in the

first period, but completely in the second period. Realistic or not,

such a dynamic path from one equilibrium to another does not in any way
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violate the production function constraint. The path in figure 1 is an

illustration ot the fact that the speed of adjustment of one input in

res to demand changes may be different from the speed of adjustment

ofrfhe other input. One could easily draw a path from {LD,KD} to
{L1,K1} which would imply the same speed of adjustment, a straight Line
from the point {LD,KO} to {L1,K1}, but there is no requirement that such
a path should be taken.

Now Look at figure 2 to consider the dynaé?c behavior of factor
employment holding output constant. Equilibrium is again {LO,KD}
employed at prices {PLO, PKD} generating output QO' Now assume the

price of K declines to PK1' while the price of L remains at P 0 The

L®
new equilibrium then becomes {L1, K1} at prices {PLO, PK1}. Assume that
substituting L for K is not costless so that the optimal pattern of
adjustment requires, say, two periods. Let the arrows numbered 1 and 2
each represent 50 percent of the total movement to the new factor
proportions which occur in the first and second period, respectively.
As may be seen, the only way to remain on the indifference curve,
producing optimally, would be to require both L and K to adjust
according to the same time pattern. Consequently, the dynamic behavior
percipitated by price changes must be identical among pairs of inputs in
order to remain on the production function.

In the three input case, the problem becomes a Little more
complicated. For, a change in one input price, holding other prices and
output constant, leads to an adjustment in all three inputs
simultaneously. Such a process may only be modeled in threé dimensional

space, so the discussion above is not completely satisfactory. Under

what conditions, then, may the dynamic structure be specified so that



FIGURE 2
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the simultaneous movement of three inputs, holding output constant, does
?
not lead to input combinations which are better than optimal. Although

the question has occured to us, the solution has not. What is clear is

-

that the lag structures must be related in a more complex way. For

a—

example, in a three input case, there exists three distributed lags
which describe the response of the respective inputs to a change in any
one input price. Given a lével of output and any two input levels, the
third is determined. Correspondingly, given any two of the three lag
distributions, the third is determined. More concretely, if we know the
Llevel of production, and we know the response pattern of capital and
Labor to a change 1in energy prices, we may then determine the response
pattern of energy to its own price. To date, we have been unable to
specify, analytically, the lag structures in the three input case to
account for the apparent interrelatedness. However, there are two
reasons why a failure to provide a more general specification for the
lag structures. should not be viewed with alarm. First, the manner in
which the lags are specified at Lleast permits reasonable dynamic
behavior; and, second, since we ultimately estimate only a two equation
system, the more general lag formulation is not directly relevant to our
empirical results. '
With these considerations in mind, equation (4) may now be modified

to incorporate dynamic behavior. The investment equation will be dealt

with first.

Investment
The desired capital stock equation is converted into a desired net

investment equation by taking derivatives and then approximating
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derivatives with first differences, to yield:

5% Tt 5
24 * T b, A (P, /P)° 7
* Dby (PR e T QR by s (By/R) (

K .5
- P /P
a.e Q § bKj ( j/ K)

where the stars on the independent variables signify that they are

expected, unobserved varijables, and 3y = 2, + 2. This equation may be

written in a more comprehensible form by observing that the desired

capital-output ratio is given by

t *

) .5

*
(K/Q) = e ib,.(P./P)

so that (7) may be rewritten as

-3, t

*
. *
K 5

* * *
N =(ﬂt *(K/Q) + a KKt (8)

. Q" The; (P5/Py)
So written, (8) allows one to neatly distinguish between investment
p{ﬁcipitated by changing demand, which is the first term on the right
hand side of (8), and investment brought about by changing relative
prices, the second term on the rﬁght hand side of (8). If all bkj =0
for k # j, and if embodied technical change is zero, then capital would

stand in fixed proportions to output, where

*
(K/Q@ = bKK;
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and investment would respond only to changes in demand:

This result will have implications for the productivity equations, as we
will see below. |
In accordance with the previous discussion, actual net investment
responds to observed changes in prices and cutput with a lag.
Therefore, approximating (K/Q)* by (K/Q)t_1, and introducing lags yielas

an expression for actual net investment:

q
-at ij * K3 -
= (R/Q), ;LW L Q +e Q. I ™M Ay
t t-1 ; t-4 t 5 (=0 £ ( j K)t-i (9)
“akKeo1
where
n
pEq W =N

n = length of Lag on changes in output;
mkj = length of lag on changes in the kth relative price; and
N, = actual net investment.
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To arrive at a model for gross investment, an expreésion for replacement
investment must be appended to (9). The derivation of this expression

is explained betow as well as the measure of the capital stock.

Production Workers
Dividing the first labor employment equation in (4) by @ gives an
expression for the inverse of average labor productivity, consistent

with the underlying production function:

4
* -a, ,t
- L1" z .5
(L1/Q)t = e 5=1 bL1j (Pj,PL1)t
where aLl =, a2 + aD "« Incorporating lags as for the investment
equation yields
* _ "ot 2 r -1 (p.sp ), S
(L.IIQ)t =e i1 ¢ [ J L1 t- ¢
where
L1 _ .
T Bz = bL1j ; and
LK _ KU1 =1 m
Bg Bg, L =lreeeM 4k

As mentioned above, there is evidence of cyclical productivity

behavior which, this study holds, may not be explained by the theory.

Consequently, the productivity equation must be amended.to.doclude 2
cyclical component. The hypothesis is that actual productivity is given
m—

¢

by
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¢ *
4 (L‘I/Q)t = (L1/Q)t * (1 +et (aQ))

where (L1/0)* is defined in (10), and : represents the cyclical
variation of prc-uctivity atout its price determined path. 0 is
required to hLave the property that it not influence the lLong run
behavior ot average labor productivity. 1It, therefore, is defined in

the following way:

where the 91'5 are required to sum to zero. This Lag is constrained to

4 years since this lenath of time corresponds, aporoximately, to the

average length of a business cycle during the post war period. To 7
R

support the hypothesis of increasing returns to labor over the cycle, .
one would expect the v's to be negative in the most recent part ot the
lag, and positive towards the end of the lag.

With these modifications, and approximating (LT/Q)* with a four
year moving average of production workers per unit of output, lLagged one

period, the final form for the productivity equation becomes:

-a .t Mo ; 5 1
05 S R S P s 2+ (L * LV,
\ 3, (Pj/PLl)t_E ( /Q)t"l. i

5Q 5 Qo
(Ll/Q)t = e J Y0 "% e 1o

Nonproduction Workers
The equation and constraints for the nonproduction worker equation

are similiar to those for production workers. The equation is:
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N ;(Lé/Q)t = e

t m
12 b3 gh2X 123 .5 ) 2
Fee0 B Oy D OO s e an
where

- . L2j .
E DL bLZJ ’

L2K _ KL2 -
82’ - 82 i - 1,--.mL2K

L2L1 _ | L1L2
g 3

nd
£ 2 a

£ = 1""mL2L1;

One may note what heppens to the productivity equations shoula
capital be insensitive to relative prices. 1In such a case, average
productivity fcr production and nonproduction workers would, in
addition, be insensitive to capital's price. The productivity of
different kinds c¢7 labor would then beccme a function of the relative

prices ot different kinds of labor, a trend and a cyclical variable.

4. Replacement Investment

Like with other work on investment behavior, thi$ study posits that
replacement investment is determined by speeds and patterns of physical
depreciation of the capital stock. To estimate replacement investment,

therefore, one must derive an expression for the physical deterioration
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of the capital stock. Let % be the fraction of the original

productive capacity of a capital good which is lost in the ith period
after its acquisition. Depreciation in périod t, assuming do =0, is
then given by ?
= X 4. .
Rt j=0 ¢34 It-1 (12)

where I._. is real gross investment in year t-i and

¢

[}
-t
.

The most widely used pattern of depreciation is that of geometric decay
where the rate ot decay is a function of the inverse of the average
service Life of the capital equipment. In this case, di = Ai(1-A),
where Xis the rate of retention.

The geometric deéay pattern of depreciation has one major advantage
and one major disadvantage. The advantage is that in estimating and
forecasting investment, one need not recompute (12) in each year, and,
therefore, no need exists to "remember” the whole history of equipment
purchases to determine replacement in each year. It is sufficient to
have at hand only the current capital stock. This may be shown by
rewriting (12), using the geometric rate of decay pattern as
T




- 56 =

Now (1-» 1is the rate of decay, as stated above, so that A is the rate
of retention. It then follows that Ai'is the fraction ot equipment
purchased in one year which is still retained in the ith period after it
is purchased. Since the capital stock is defined as the sum of all past

investment which is retained (has not yet depreciated), we then have
Kea = Zo A0 I_. (13)
and

Rt = (1—x)*Kt_1
Thus, depreciation at time t is a constant proportion of the capital
stock.

The major disadvantage of this pattern of depreciation is that

equigmeg; yery Likely does not deEreciate in this way. While the value

of capital may diminish geometrically, the quantity (in terms of

productive capacity) certainly does not. If equipment has an average
service Life of ten years, the geometric pattern would suggest that only
about 60 percent ot the productive‘capacity of the equipment remains in
use after five years, when, most Likely, nearly all of the equipment
remains.8 Thus, the geometric decay pattern gives estimates of the
quantity of capital which tend to understate the true quantity of
capital.

A more general approach has been suggested. Namely, create a
second, fictitious, class of capital, into which the depreciation out of

9
the first class of capital falls. Thus, if K1(t) is the first class
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capital at tiﬁe t, and Kz(t) is the second class capital at time t, then
we have

K,(t) = I+ A % K1(t-f)

t

-
L]

Kz(t) (1-2) * K1(t-1) + A % KZ(t-1)

The total capital stock at time t is then defined as

K(t) = K1(t) + Kz(t) (14)

With this scheme, depreciation is given by

Ry = (1=K, (t=1) 15)
This pattern suggests that, at first, depreciation of equipment is very
slow, then increases to a maximum, then recedes. See Figure 3 for a
comparison of depreciation under the two schemes. Going back to (12),
then, the curve resulting from constructing the two classes of capital
defines the ¢i's, which as as may be seen from Figure 3, differ markedly
from the geometric decay pattern.

This approach allows for what may be a more reasonable pattern of
physical depreciation for some industries while maintaining the
computational simplicity of the geometric decay pattern. The procedure
requires only one extra piece of information, namely, a second class or
"bucket" of capital, in addition to the first one., This information is

then sufficient to determine both depreciation, as shown in (15), and
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the measure ot the capital stock, as shown in (14).

A More General Approach
Both the geometric decay pattern and the "two bucket" approach to
measuring depreciation are specific applications of imposing a Pascal

lag distribution on the ¢i's in (12). For such a distribution, we have

a——

0if i=0 - °
)
¢. = o
LG %=1 13%(1=-0 Tead 45 5 > 1

where r is some positive integer. In the case where r = 1,

¢; = (1-))A1, which is the geometric decay pattern mentioned above. In

the case where r = 2, we have ¢i = (i+1)(1-l)22?, which, I will now
\ .
show, describes the depreciation resulting from the two bucket pattern.
@

- s
In general, for aﬁ& value of r, we can write the Qéstributed lag

associated with the Pascal distribution as

® 0
@) ) o
r ‘- ) ®
Rt = (1=3/1-2L) It o o o
/l C ¢
where L is the lag operator. @

Therefore, to show that the tyo bucket depreciation pattern,
R(t) = F(L)*It, shown in Figure 3, is the result. of imposing a Pascal

lag with r = 2, one need only show that s

~
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From (13) we may write the following:

Ky(t) = 1 AT ICt-1) = 3 GL *I) = (1/1-\L) I,
Ky(t) = i (1=0%K, (t=9) = (1-0) Z(AL)i*K1(t) = 10/ (1-AD*K, (1)
Therefore,

RCE) = (1-3) K,(t=1) = (1-1)?2
LA 1AL I2H1()

/7 (1= 2L) K1 (t) =

which is what we wanted to show.

For this study, a further generalization of the two depreciation
schemes presented above will be introduced. This generalization will
allow for the possibility that any convex combination of Pascal lags
with r =1, 2, or 3 may best reflect the depreciation of equipment by
industry. Therefore, the pattern of depreciation as well as the average
service Life ot equipment may differ by industry.

The approach is as follows: depreciation is defined as a weighted
average of the lag patterns generated by a first, second and third
degree Pascal lag, where the weights are determined in the estimation of

the equation. Therefore,
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2

R, = {d (1=x/1=-2L)" + d

t 1 (1=2/1=AL) + d

3
2 3 (1=2/1=-2L)"2 It (16)

where

With this definition of replacement, ¢iis then defined as a weighted
average of the ¢i's which correspond to Pascal lLags of one, two and
three degrees., Computationally, the implementation of this pattern is

straight forward. Define three "buckets'" as follows:

"

B1(t) I(t) + ) B1(t-1)

B,(t)

(1-3) * B,(t=1) + A * B, (t-1)

1 2

B3(t) (1-2) = Bz(t-1) + A * B3(t-1)

Now define three "spills" from the three buckets as follows:

D1(t) (1=2) * 81(t-1)

(t) = (1= » B, (t-1)

2

b,

DB(t) (1-2) = Bs(t-1)



Then depreciation is defined as
d. D.(t) 17)
i1

where

The di's enter linearly into the regression, consequently, the di's may
be easily estimated and will vary by <industry.

It may be easily seen that this approach admits as possible
industry depreciation patterns either the geometric or the two bucket
resﬁlts. Referring to (16), in the case where d2 = d3 = 0, then di =1
and the depreciation patter is geometric. If d2 = 1, then the pattern
is that which results from the two bucket approach. In the case where

di's are between 0 and 1, the result is some intermediate pattern.

. . . .
It is clear why the sum of the d's must be unjty, for only in that
case will each dollar of capital investment be depreciated once and oply

once. As one dollar in investment passes through the "buckets", d1

percent is written off as it Leaves B1, d2 percent is written off as it
Leaves B2 and the remaining d3 percent is written off as it passes out
of 83. If the sum of the d's were less than unity, not all of the
dotlar's worth of capital would depreciate; while, should the sum of
the d's be greater than one, the total depreciation would be greater
than the original investment.

With this method of determining depreciation, a straight- forward

expression for the capital stock results. Since all investment goes
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into B1, all of B1 must be a part of the capital stock. Now, recall
that the fraction d1 of the spill from 81 counts as depreciation, so
that 1 - d1 is the fraction of the spill which represents capital held
for a while in 82. Hence, (1 - d1)*B2 represents capital stock hgld in
B

Similarly, d, represents that portion of the spill from 82 which

2" 2
counts as depreciation. Consequently, (1-d1-d2)*B3 is that portion of
83 which represents capital stock. The total capital stock expression,

then, is given by the following sum:

K, =B

t 1 + (1=d

1)*82 + (1-d1-d2)*83. (18)

S. Summary

Combining the specification of replacement investment (17) with the
net investment equation (9) provides the gross investment equation which
is estimated. The complete model includes, then, the demand for gross
investment, production workers (10) and nonproduction workers (11). The
model is displayed in equation system (19). What emerges is a model of
factor demand with the following characteristics:

(i) Investment is a function of changes in output and changes
in relative prices. The input prices include the wages ot
production and nonproduction workers, the price of energy,
and the price of,capftaL.

(1i) Should the model lead to the conlcusion that investment is
insensitive to relative prices, the investment equation
then reduces to the familiar flexible accelerator model
with constant returns to scale.

(i¥9) Employment of production and nonproduction workers are
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functions of the Levels of relative prices, an exponential
time trend which differs between the two, and cyclical

variables. These cyclical variables allow for the

presence of increasing returns to labor in the short run,
as found in other studies. The use of the stoc f

capital relative to lLabor is avoided because the stock is

both difficult to measure and may be affected by

environmental or safety regulations that have no impact on
productivity, except in the very long run.

The result of deriving the model leads to a system in
which individual parameters appear in more than one
equation. This fact becomes the crucial Link among the
equations. Consequently, the long run response of capital
to the price of labor relative to capital must be
identical to the long run response of Labor to the price
of capital relative to Labor.

The dynamic properties of the model are consistent with
the underlying production function. Consequently, the
adjustment paths of input demands resulting from changing
output demand differ among the inputs; while the
adjustment path of input i in response to the ijth
relative price must be identical to the adjustment path 6f
input j to the inverse of the ijth relative price, for all
i,j.

The method of estimating replacement investment leads to

industry specific patterns of depreciation. The geometric

pattern used by most researchers is a special case of the
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flexible approach use in this study. A simple method for

computing the capital stock results.
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FOOTNOTES

The quadratic expression in prices and "other" variables in no way
changes the necessary properties of the Diewert cost function as
was stated in Chapter 2. For example, the cost function must be
homogeneous of degree 0 in input prices and give factor demand
equations which are homogeneous of degree zero in jgggﬁfprices.
One may observe by inspection that the cost function (4) is
Linearly homogeneous in prices and that the factor demand equations
resulting from this cost function are homogeneous of degree zero in
prices.

If any of the bij's are negative, there will always be some vector

of prices in the positive price space for which the concavity

requirement is violated. What is desirable,however, is to lLook at

SEE————

the region within which prices are reasopably expected to occur.

Admittedly, checking concavity only at historical prices will not

exhaust the region. It seems more practical to check concavity
only at historical prices and, in the cases where this requirement
is violated, certain parameters will simply not be allowed to be
negative in the estimation. The usefulness of the model will then
be based upon its ability to fit the data in the history given that
is satisfies all the desirablg properties of the cost function.

See Chapter 3, section 3 for discussion.

The theoretical work has been done by Treadway, see references to
Chapter 2.

Increasing returns to lLabor in the short run is counterfthebretical
due to the perception that the short run production function with

capital fixed should exhibit diminishing returns to Labor. This



- 66 -

perception is justified by arguing that over the cycle, Léss
productive labor is employed to meet short run increases {n demand
which in turn should Lower average lLabor productivity over the
cycle.

For a brief survey of the historical explanations of this cyclical

behavior, see White and Berndt (2). Also, various issues of the

A number ot studies are lListed in Chapter 2.
The rate of depreciation of a geometric lag with mean 10 years is

is 0.909 . With this depreciation rate, the amount retained after
5

'S years is equal to .91 , which equals .62 .

See (1).
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Chapter 4

construction of Data

The model described in the previous chapter was estimated for each
of 53 industries which cover the entire U.S. economy. The titles for
these industries are listed in Appendix A. Consequently, data on
employment, investment, outputs, the relevant input prices and a first
guess at the capital stock must be gathered and constructed for each of
these industries. The methods and sources used to compile the data for

the modet is reviewed in this chapter.

The investment data used for thar study is based upon a collection
of 87 1977 dollar investment series beginning in 1927 which are the
result of research by the INFORUM project. These series have been used
in the past to estimate investment equations which make up part ot the
INFORUM model. With one exception, there exists a consistent
aggregation scheme from these 87-order INFORUM investment sectors to the
53 investment sectors used in this study. Consequently, the sources for
the investment data are those of the INFORUM investment sectors and are
described in detail in (2).

Further work was undertaken, however, to disaggregate the Finance,
Insurance and Service sector (FIS) in the INFORUM classification
(no.86), into seven service subsectors, making use ot recently

constructed data. These sectors are:



Sector Title

49 Finance and Insurance

S0 Real Estate

51 Hotels and Repairs Minus Auto

52 Business Services

53 AutoVRepair

54 Movies and Amusements

55 Medical and Educational Services

The constrﬁction ot service sector investment was accomplished by making
use oT two separate sources of information.

On the one hand, owing to the data work completed for the INFORUM
modet, there exists at least an approximation of what total investment
by FIS was over the history. This approximation was computed as the
difference between the total current dollar purchases of equipment at
time t and the sum of equipment purchases by all other industries at
time t, the latter derived from various sources described in (2).1
Consequently, FIS investment is computed as a residual in the INFORUM
model. Although there are problems with this method of computing
investment, and therefore inaccuracies in the resulting time series, it
was felt, nevertheless, that the computed time series would be used as
the basis for determining investment by the service sectors for this
study.

The Bureau of Labor Statistics (BLS) provides in (4) seven service
sector investment series up to 1974, and in both current and constant
1972 dollars. They correspond exactly to the seven Listed above. We

desired to use this data, combined with the information embodied in the

residual INFORUM sector no.86, to construct time series by individual
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service sectors in 1977 dollars through 1977. This combination was done
in the following steps: /

(i) The BLS investment series were moved forward to 1977 by their
respective current and 1972 dollar outputs. This provided
tfme series in current and 1972 dollars of investment by
varjous service sectors up to 1977.2

(ii) These series were then scaled in each year of the history to
the FIS totals derived for the INFORUM model. This then
provided series in current and 1972 dollars which remained
consistent with work previously done by INFORUM while at the
same time incorporating the information embodied in the
disaggregated data provided by BLS.3

(ii1) Using the investment series thus created, investment
deflators were then constructed for each service industry.
Using these deflators, 1977 dollar investment to 1977 was

then computed from the current dollar series.
Investment in years prior to 1947 exists for aggregate FIS. The
assumption made for this study is that the proportion of investment by

individual service industries to aggregate FIS in 1947 holds prior to

1947. The earlier FIS investment was apportioned accordingly.

Output

Outputs by investing industries are derived from various sources,
many of which provide indexes by which we move forward the outputs given
in the 1972 BEA input-output table. The time series used for this study
again draw heavily upon work undertaken on behalf of the INFORUM

project. The outputs are, consequently, simple aggregates of the
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INFORUM 200 level outputs. The sources are described in (2).

employment of production and non-production workers from 1947 are
distinguished in manufacturing industries. In some manufacturing
industries, however, embloyment data did not extend back to 1947. 1In
these cases, data was constructed in one of two ways.

In most cases, it was possible to compute employment by, say,
three-digit SIC as a residual resulting when subtracting from the
two-digit SIC classification the sum of employment of all three-digit
SIC sectors which make up the two-digit category and which, together
with the residual sector, exhaust the category.

In fewer cases, data was constructed by maintaining back to 1947
the earliest possible ratio of employment of the relevant three-digit
SIC category to the employment of the two-digit SIC category of which it
was a member. All two-digit categories h#d data back to 1947.

To illustrate, let Ek(t) be the total employment at time t of the

.th

th two~digit SIC sector and let Ei(t) be the employment of the i

k
three-digit SIC sector such that Ei(t) is a subset of Ek(t). For each.
i, let T be the first year for which employment data exists at the
three-digit Level. Ei(t)' t=1,...T - 1, are, consequently, unknown.

This earlier data is then constructed as follows:

E. = E *»(E.(t)/E
i i

k

k(t)} t=1'.-cT-1; ieIk (1)



where
Ik = set ot three-digit SIC sectors in tﬁe kth two-digit
SIC sector.
In this way, the sum of employment by three-digit SIC equals the total

employment number ot the relevant two-digit sector for alLl years:

s E.= T E

) i (t)} = E (t) t=1’n--T-1
i i

*{Ei(t)/Ek K

k

since

i Ei(t)/sk(t) = 1.

Total employment for the nonmanufacturing sectors were taken

directly from work previously undertaken.4

Average Hourty_ Compensation_and_Average Weekly Hours

The construction of average hourly compensation data for
manufacturing proceeded in three stages. First, average hourly wages
for production workers were collected; and, where necessary, wage data
was constructed back to 1947. Next, wages for nonproduction workers
were inferred from a combination of aggregate manufacturing data and
industry specific wage data for broduction workers. Finally, average
hourly compensation for production and nonproduction workers was
constructed. A description of each of these stages follows.

EE provides data on wages and hours worked, in most cases, back to
1947. 1In cases where data does not exist back to 1947, the procedures

used to construct tﬂe employment series were Likewise used to project
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back both wages and average weekly hours, i.e.,

Hi(t) {Ui(t)luk(t)}*wk(t)

Hi(t) {Hi(T)/Hk(T)}*Hk(t) t=1,...7-1; ieIk

where

T and Ik are defined as above, and:

Hk(t) = average hourly compensation of the kth two-digit
SIC sector;

Hk(t) = average weekly hours of the kth two-digit SIC
sector;

Hi(t) = average hourly wage of the ith three-digit sector,
such that i ¢ Ik;

Hi(t) = average weekly hours of the ith three-digit SIC

sector, such that i ¢ Ik'
This procedure allows the maintenance of consistency between the weekly
wage bill by two-digit SIC and the same wage bill computed by summing
over the three-digit SIC sectors.

Using the following manufacturing data from the Ngtional Income gnd
Product Accounts(NIPA), average hourly earnings for non-production
workers in total manufacturing may be inferred.

(i) average hourly earnings for production workers
(ii) average weekly earnings for production workers
(iii) total production workers

(iv) total wages and salaries, all workers

(v) total hours for all employees in production

(vi) total compensation for all employees.
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Total wages and salarjes for production workers is given by

(i) * (ij) * (iii) * 52, Subtracting this quantity from (iv) gives

total wages and salaries for non—production workers. Total hours for

p—

non-production workers is given by (v) = (ii) * (iii) * 52. Once wages

for non-production workers are computed, the ratio of non-production
worker's wages to production worker wages is then constructed, which, in
turn, is used to compute non-production worker wages at the industry
level. Thus, for sector M, at time t, the wage for non-production

workers is given by

Hé(M,t) = {Wz(t)/N1(t)}*N1(M,t)

where
NZ(M,t) = wage of nqg:production workers for sector M
at time t
H1(M,t) = wage of production workers for sector M at
time t
Hz(t) = all manufacturing nomproduction wages at time t

w1(t) all manufacturing production wages at time t.
After this calculation, it remains to convert the average hourly
earnings data to average hourly compensation for production and

nonproduction workers, the cost of employing lLabor which should enter

the equations. There exists Gross Product Originating (GP0O) data on
average hourly compensation for all employees for 38 industries, which
are direct aggregates of the 53 investment/productivity industries. I
assumed that the ratio of total compensation for nonproduction workers

to total compensation for production workers was identical to the like



- 75 -

ratio for wages and salaries. The 53 wage series for production and
nonproduction workers were then scaled upwards in a way which preserved
the relative size of the compensation bill of the 53 sectors within the
appropriate GP0O sectors.

Once the wage, hours and employment data are constructed back to
1947, they are then aggregated into the appropriate 53 order sectors and
scaled to equal the aggregate totals in the NIPA.

Average hourly compensation data for nonmanufacturing industries

were taken directly from the GPO series.

Energy_Prices
Energy prices faced by industry were computed using the

input-output coefficients in the 1972 1-0 table relevant to each

industry being studied.

th h

Let e_ij equal the ratio of the 1 energy input to the jt
industry's output. For this work, there are five energy inputs. They
are

(i) refined petroleum products excluding fuel oil

(i1) coal
(ii11) natural gas utilities
(iv) electric utilities
(v) fuel oil

Let Pi(t) be the output deflator for the ith energy input at time t.

Then the energy price faced by the jth industry at time t is given by



M

e
P.” =T {e,.*P.(t)2)/5 e,.

j { i i ij
This provides a time series of energy prices from 1947 to the
present for each industry, differing by industry. The shortcoming of

this approach is that it assumes that the relative proportions of

different energy sources remains constant.
The user cost of capital is given by
Uk = Peq * (r+dep) * (1-Tz-C)/(1-T)

where

Peq = price of equipment;

-
"

real rate of discount;

dep = the physical depreciation rate;

N
"

the present value of a depreciation stream from a
dollar's worth of investment;
C = investment tax credit;

T

corporate tax rate.
T and C were the easiest components to compute since they were taken

directly from Internal Revenue Service Publicatjons. No special effort

was made to compute effective rates at the industry level.5
The determination of the price of equipment is described in (2) for
the 87 INFORUM sectors. The corresponding equipment prices used for

this study were computed as weighted averages of the 87 equipment
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prices, where the weights were the ratios of investment in each year in
the ith 87-order sector to investment in the kth 53 order sector of

which the ith

sector is a part.

The physical rate of depreciation, dep, and the present value of
tax depreciation, z, depend upon the average service lLife of cépitaL
purchased by industry and the average tax lLife used by industry for
computing the depreciation stream, respectively. The average tax Llives
are weighted averages of the tax lives constrqcted for the INFORUM
model. The tax lives reflect the changing composition of the equipment

o— o m———

purchased by industry as well as the changing tax Laws.6 The lives used
P

to compute the physical rate of depreciation are those used for
computing z without the adjustment for the changing tax Laus.7
While the physical depreciation rate depends upon the average

service Life of capital, the actual form of the relationship must be one

—

‘which is consistent with the method used to compute the capital stock.

—

As we saw in Chapter 3, the method of computing the depreciation of
equipment and, hence, the capital stock, depends upon two sets of
parameters: the "weights" on the three depreciation streams and the
"spill" rates used to construct the buckets from which the depreciation
streams are derived. The set of weights are determined in the
estimation of the equations subject to the linear restriction that they
sum to unity. The spill rates are chosen based upon the assumed average
service Llife of the equipment and are identical to the depreciation rate
which appears in the user cost of capital.

To see why it ié desirable for the spill rate so chosen and the
depreciation rate which enters the usercost to be the same, assume that

the average service Life is given by L*, and the weights are picked so
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that d1 = d2 =0 and d3 = 1. The depreciation is, then, given by

DCt) = (1-a/1-AL)° I,

where L is the lag operator. We, therefore, wish the average service

3/¢1-2 03,

Life, L*, to equal the mean of the lag distribution (1= 3
since both represent the length of time, on average, that it takes for
equipment to fully depreciate. The mean lag is determined by taking the
derivative of the lag polynominal and evaluating it at L = 1. Doing

this gives the average service life, L*, expressed in terms of the rate

of retention, ) , as
¥ = 3/(1-9

The rate or retention in terms of the average service Life is then given

by
A= L*7L*+3)

and the rate ot depreciation which enters the usercost (and the spill

rate used to compute the capital stock) becomes

dep = 3/(L*+3)

Since depreciation is computed by assuming a particular vector of
d's, L* actualLy represents the upper bound of possible average lives.

With d1 and d2 greatei than zero, the implied average service life would



be shorter that L*.

The real rate of interest is defined as the nominal rate of
interest minus the expected rate of inflation. The problem of
constructing a real rate series, therefore, is one of finding the
appropriate expression for the expected rate of inflation. Typically,
expected inflation is represented by a weighted average of present and
past inflation rates; consequently, the problem becomes one of finding
the quropriate weights on present and past rates of inflation which may
be used to compute the expected rate of inflation. The computed
expected rate of inflation may then, in turn, be subtracted from the
nominal rate of interest to provide the expected real rate of discount.

To find appropriate weights, we reasoned that since the expected
rate of inflation was to be compared to the nominal rate of interest,
the weights should show inflation expectations as they are reflected in
the nominal rate. So, the real rate of discount was derived from a
regression equation relating the AAA bond rate to the growth rates in

money, GNP and prices:

3
!

= F(Q,Mm + i ViAP, s
where

AAA bond rate

Nt

F = a function of output, @, and money, M2; and,

A Pt = percentage change in the GNP price deflator.
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f turned out to be a distributed Lag on the M2-GNP ratio. The rationale

for this variable was that it reflected, approximately, the degree of

monetary stringency which in turn has a negative short run affect on the

nominal rate of interest. The real rate is then given by

r =

n, =Zv.AP
t t i 1— t-

P
where 6‘5 are the estimated parameters from the regression equation.
The regression results are reported in (1). They give a time series on
real rates which show a positive trend over the history.

There were some difficulties with the real rate so derived. 1In the
first place, the rate computed in this way measured the expected real
rate ot return for a particular year; and this properly belongs in the
user cost only under the assumption of static expectations. Second,
movement in the real rate changed significantly depending upon whether
or not one required the nominal rate to eventually adjust fully to the

rate of inflation. For this_

present and past inflation must be unity. Should this requirement not

be imposed, the weights would tend to sum to a number considerably less
than one.8

For these reasons, we choose to use a constant real rate of
ﬂ

discount over the history, the rate chosen to be the average of the real

a—

rates computed by the procedures just described. The average real rate
9

of interest used turned out to be .0257.



Capital_Stock

As was described in-the previous chapter, the final construction of
the capital stock must await the final estimated parameters of the
model. However, as may be seen in equation (19) of chapter 3, at least
some. approximate measure of capital must be used in order to estimate
the investment equation. In order to do this, prior '"guesses" at the
d's were made in order to compute a first estimate of capital. A more

detailed discussion of this procedure is found in the next chapter.
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Appendix A: Industry Titles

FARMS AGR. SERVICES,FORESTRY,FISHERY (1)
CRUDE PETROLEUM AND NATURAL GAS (4)
MINING (2,3,5)

CONSTRUCTION (6)

FOOD, TOBACCO (7)

TEXTILES (8)

KNITTING, HOSIERY (9)

APPAREL AND HOUSEHOLD TEXTILES (10)
PAPER (11)

PRINTING (12)

AGRICULTURE FERTILIZERS (13)

OTHER CHEMICALS (14)

PETROLEUM REFINING & FUEL OIL (15,16)
RUBBER AND PLASTIC PRODUCTS (17,18)
FOOTWEAR AND LEATHER (19)

LUMBER (20)

FUNITURE (21)

STONE,CLAY & GLASS (22)

IRON AND STEEL (23)

NON-FERROUS METALS (24,25)

METAL PRODUCTS (26)

ENGINES & TURBINS (27)

AGRICULTURE MACHINERY (28)

EMPTY

METALWORKING MACHINERY (30)
RESIDENTIAL

SPECIAL INDUCTRY MACHINERY (31)
MISC.NONELEC. MACHINERY (29,32)
COMPUTERS & OTHER OFFICE MACHINERY (33,34)
SERVICE INDUCTRY MACHINERY (35)
COMMUNICATIONS MACHINERY (36)

HEAVY ELECTRICAL MACHINERY (37)
HOUSEHOLD APPLIANCES (38)
ELECTRICAL LIGHTING & WIRING EQUIP (39)
RADIO,T.V.RECEIVING,PHONOGRAPH (40)
MOTOR VEHICLES (41)

AEROSPACE (42)

SHIPS & BOATS (43)

OTHER TRANSPORTATION EQUIP. (44)
INSTRUMENTS (45)

MISC. MFG. (46)

RAILROADS (47)

AIR TRANSPORT (50)

TRUCKING AND OTHER TRANSPORT (48,49,51,52)
COMMUNICATIONS SERVICES (53)
ELECTRIC UTILITIES (54)

GAS,WATER & SANITATION (55,56)
WHOLESALE & RETAIL TRADE (57,58)
FINANCE & INSURANCE (60)

REAL ESTATE (61)

HOTELS & REPAIRS MINUS AUTO (63)



52 BUSINESS SERVICES (64)

53 AUTO REPAIR (65)

54 MOVIES & AMUSEMENTS (66)
55 MEDICAL & ED. SERVICES (67)
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FOOTNOTES
Total current dollar investment is found in the various July

Surveys_of_Current Busipess (SCB), table 5.6.

At the time this study was undertaken, BLS was in the process of
compiling investment data through 1977.

The scaling lead to time series which lLooked very different from
the ones originally provided in (4). This did not cause great
concern\since the accuracy of the BLS series could be easily
questioned. The investment numbers were constructed from Internal
Revenue Service pubLications on capital consumption and net
depreciable assets. In some cases, this method lead to investment
series which were unreasonably volatile even by investment data
standards. For example, investment by REAL ESTATE AND RENTALS
jumped from 77 million in 1965 to over one billion in 1966 in
current dollars. Investment by AUTO REPAIR increased by almost 600
percent fom 1963 to 1964. (4) provides ad extended discussion of
the deficiencies of the IRS data.

The nonmanufacturing sectors are 1,4,42,43,44,45,48,49—55. See
appendix A for title names. These data were compiled over the
years by the INFORUM project. The main sources are various July
issues of SCB.

Almon and Barbera (2) introduced into the user cost the ratio of

debt to equity. It was reasoned that the form of financing affects

the cost of capital services since the interest payment on debt is
deductible from income while dividend payments to stockholders is
not. The modification to the usercost proved to be of no major

significance to the fits of the equations. Part ot the problem
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could have been the poor measurement of debt and equityused in the
study.

The tax Llives through 1970 used for this study are based,
primarily, upon the work undertaken by Mayor (6) with some minor
modifications. A Chase Econometrics report (3) concludes that the

1962 change in the depreciation lLaws lowered the average tax Lives

for equipment by 20 percent across all industries. Thus, Mayor's
pe 1962 data was adjusted slightly to agree with this recent

conclusion. Since 1971, tax lives for equipment have been based

upon the Asset Depreciation Range (ADR) system, which allows

investors to choose tax lives yithio.a.cance.0f 20 percent above or

—

below the lives established in 1962 for each asset class. For this

study, the assumption is made that the lower bound of the ADR
system is selected, implying a further 20 percent drop in taxlives
beginning in 1971. Finally, tax lives were not permitted to go
below seven years, since should this occur, investors would forfeit
the investment tax credit. We, therefore, assumed that investors
chose to maintain eligibility for the tax credit, ratherthan
write-off equipment at a faster rate. See (3) for further
discussion.

Coen (5) found evidence that the 1962 Guideljnes lives correspond
best to the actual service lives of equipment. Thus, the sevice
lives of equipment by industry are identical to the tax Llives
withoutthe adjustments prior to 1962 and beginning in 1971 due to
changes in the tax Laws.

The true nature of the "“real" rate of interest depends upon the

outcome of a number of controversies present in the literature.
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Among the issues are the relationship between the nominal rate and
the expected rate of inflation; the mechanism by which
expectations are generated; and the relationship between the real

rate of interest and stabilization policy.

We experimented with the real rate described in (1) as well as
other real rates estimated along the Lines outlined in this
chapter. In addition, we tried various constant real rates as well
as the one settled on. The empirical results were not

significantly different in the various cases.
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Chapter S
Estimation

1. Introduction

The model described in Chapter 3 was estimated using the data
outlined in Chapter 4 for 53 industries. A number of problems were
encountered, however, which required alteration of the final form of the
model described in Chapter 3. Some of the changes are simplifications
which resulted from data limitations. Other changes were introduced in
order to produce a forecasting model with dynamic and lLong run
properties consistent with firmly established empirical findings of
other studies. These modifications are discussed in the next section,
followed by a description of the model actually estimated. In the third
section, the estimates of the model incorporating the modifications
discussed in section 2 is presented. It will be observed that the model
cum priors does reasonably well at explaining factor demand over the

history for most industries. It appears that the movement of energy

prices played a significant role in explaining factor demand behavior
over the past 2 i i i i i The final section

offers some concluding remarks.

2. Problems of Estimation

The complete model described in Chapter 3 required the estimation
of four factor demand equations =-- investment, production workers,
non-production workers, and energy for each industry. However, data on

energy demand by industry do not exist at the present time.
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Consequently, an energy demand equation could not be estimated in this
study.

| The method of constructing average hourly compensation for
non-production workers described in Chapter 3 is but a crude
approximation to the true measure by industry. It was hoped,
nonetheless, that time series so constructed would be satisfactory
enough to provide reasonable parameter estimates for the relationship
between non=production workers on the one hand and production workers
and capital on the other. The early attempts to use this data in a
three equation model of capital, production workers, and non-production
workers were not successful, however. These attempts led consistently,
in a majority of industries, to results contrary to past empirical
findings and one's own intuitive theoretical point of view. For

example, the results seemed to show that non-production workers were a

better substitute for capital than production workers in a majority of

-

industries. In fact, production workers and capital showed up as

complements in a majority of industries, while non-production workers

and capital were strong substitutes in most industries. For the
purposes of Long term forecasting, it was felt that the simpler two:
equation model, which rested upon a firmer data base, would provide
sufficient information. Consequently, the results presented in the next
section are those of a two equation system explaining investment demand
and the demand for aggregate labor employment per unit of output by
industry.

The remaining changes imposed upon the model involved the use of
prior information acquired through other empirical work or needed to

make sense out of the empirical results. Thus, two separate sets of
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constraints were imposed upon the estimation process; one to assure our
a_priori pattern of response of capital and Labor to the various input
prices; and a second to assure that at all times depreciation of
capital may never be negative.

Much debate has taken place over the past years about the degree of
substitutability of labor and capital. Most of the debate has centered
around the wisdom of using the Cobb-Douglas production function to model
factor demand behavior. As is well known, such a function imposes a
unitary elasticity of substitution between capital and labor. Such a
function would, therefore, be an improper tool to use to determine, say,
the impact of tax policy, which affects the user cost of capital, on
investment behavior. However, those who have used the function counter
with the argument that the preponderance of evidence supports the view

that the Llong run elasticity of substitution is indeed unity. 1In

particular, they point to the fact of the essentially constant income
' . - Ahiny
share of capital and labor over time. AOUN’ pros an) vy

The studies which have supported this view have been estimated
using data at the aggregate manufacturing level. However, estimating
equations at the industry level leads to different conclusions. Studies
done at a more disaggregated level tend to conclude that the elasticity
of substitution in a majority of industries is somewhere between 0 and 1
but clearly less than 1.1

As the debate has raged, however, a general consensus appears to

have developed that capital and labor are certainly not complements in
. Q.t .
production. In the studies s%éttgs.jn Chapter 2 which made use of the

translog cost/production function, all have found evidence of high

substitutability between capital and labor at the aggregate level. Due
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to the problems mentioned in Chapter 2 of using the translog function,
we believe these results tend to overstate the degree of
substitutability between capital and Labor. Nevertheless, these studies
do contribute to the wealth of evidence suggesting at least
non-complementarity between capital and Labor.

With this evidence in mind, the model was estimated in such a way
that capital and labor were not permitted to be complements in
production. This implies that the elasticity of substitution between
capital and labor (ESKL) must be non-negative. If left unconstrained,

-
only 21 of the 53 dindustries gave evidence of noncomplementarity between

capital and labor. However, when so constrained, the deterioration in

the fits were virtually imperceptible. Due to the shortage of data on
energy demand by industry, as ueli as the questionable nature of both
the employment and investment data for numerous industries, we were not
compelled to question the capital-labor substitutability hypothesis
based upon our unconstrained estimates. The constraint was,
consequently, imposed.

The expression for the elasticity of substitution based upon the
Diewert cost function includes relative prices, outputs and quantities
of inputs for each year of the history. Consequently, the requirement
that EsKL be non-negative would appear to lLead to the imposition of one
constraint for each year of the estimation period. However, this proves

to be unnecessary since the sign of ES,, is completely determined by the

S—

sign of bKL' We may see this by writing the elasticity of substitution
as the ratio of the capital-labor cross price elasticity to labor’'s

budget share.
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= 5
ESKL = S5 * (Q/K) * #KL * (PL/PK) ISL Qb

where

(-]
n

output

o
"

price of energy input

n

price of capital

(%]
[}

Labor's budget share.

Since all values are positive, restricting ES is identical to the

KL
requirement that bKL be greater than or equal to zero.

A second set of restrictions were imposed which assured that
capital and labor responded inversely to changes in their own respective
pricés. If one is using a two-input production function, the fact of
substitutibility between the inputs necessarily implies negative own
price elasticities for each of the inputs. In the case of more than two
factor production functions, this is not so, however. In terms of the

Diewert cost function, for example, capital's own price elasticity is

given by

- o -5 -S
Egk = o3 * (/K) * {b,, * (P, /P)"" + byp * (PL/P) >

where K is the capital stock and the other variables are defined as in

equation (1). A necessary requirement for EKK<=0 is the following:

8- S o _
bKL * (PLIPK) + bKE * (PE/PK) >= 0.

The negativity of own price elasticities through the history, therefore,
would require a constraint for each year of the history. However, for

practical reasons, we require only that the inequality hold at the 1977
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values. The constraints may then be simply expressed by the following

inequalities:

bLK + bEK >=0; bKL + bEL >= 0.

Imposing the restrictions in this way may allow for the possibility
of positive own price elasticities at some point in the history.
However, these elasticites will be small in absolute value; and,
therefore, will not give equations which imply extremely perverse
behavior.

No restrictions are placed upon the sign of the capital-energy and
Labor-energy cross price elasticities. Thus, energy may be either a

complement or a substitute with cagitat and Labor. As the discussion in

Chapter 2 demonstrated, this issue is far from settled in the
literature.

As we showed in Chapter 3, replacement investment is constructed
partly by weights determined in the estimation process. As we argued

then, the weights are required to sum to unity so that the total amount

of equipment which depreciates is neither more nor Less than the total

equipment purchased. We found it necesary, however, to impose

additional constraints upon these weights because attempts to estimate
unconstrained weights, except that they sum to unity, gave results which
implied unreasonable patterns of depreciation, and, in some ﬁases,
negative capital stocks. For example, often at Least one of the
unconstrained weights would be negative. If the first weight were
negative, it would imply that depreciation early in the Life of the
equipment was actually negative. This would suggést that some equipment

actually grows in productive capacity after it is installed and only
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after some lag does it begin to wear down. Negative values for the
second and third weights lead to similar and unacceptable conclusions.
Consequently, negative weights were viewed as unacceptable for purposes
of forecast'ing.2 Even without permitting negative weights, however, the
range of depreciation patterns are far greater than those allowed in
other studies.

An additional group of modifications involved specifying the
distributed lags on changes in output and the various relative price
variables. A search for the best lag structure for the independent
variables began with an estimation of all lags without restrictions
except those implied by the cost function. It was clear from the
beginning that unconstrained lLags would not give reasonable results. We

therefore found it necessary to impose some structure on the distributed

lags.
——

The distributed Lag on the capital-labor relative price was allowed
a length of up to four years without further constraints, except that
each coefficient be positive, consistent with our elasticity
restriction. This decision was based upon early experimentation in

which OLS estimates clearly showed that the lLag structures differed

significantly from industry to industry. As noted in Chapter 3, the

distributed Lag on the capital-labor relative price in the investment

equation is required to be identical to that in the productivity

equation,
Instantaneous adjustment of lLabor requirements to the energy-labor

relative price was required. The contemporaneous price proved superior
to a broad range of lag structures tried. The lag structure on the

energy-capital relative price was required to be a five-year moving
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average. Unconstrained OLS estimates tended to be U shaped and
frequently changed signs. The chosen lag structure appeared to work
best for the industry data, and conforms closely to our prior view that
should the size of the optimal capital stock change in response to
energy price changes, it would require an extended period of time for
the complete adjustment to take place.

The Lag on changes in output in the investment equation was al lowed
a maximum length of five years; lag weights were required to lie on a
second degree polynomial, and to be declining in the fifth year. The
pattern worked well in a previous study of investment behavior at the
industry level using the CES production function.3

We chose, finally, to introduce an additional trend varjable in the
employment equation which begins in 1970 with the value of one. There
were two reasons for allowing the trend growth in employment per unit of
output to change in the estimation. First, a review of the data
suggested that there was, indeed, a distinctive shift in the trend
growth in productivity starting around 1970. Second, an earlier version
of the model which allowed for a constant trend coefficient throughout
the history generated what appeared to be unreasonably high Labor-energy

brice elasticities. In effect, practically all of the slowdown in

a—

productivity growth which occurred since 1970 was attributed to higher

energy prices. To be more confident with this result, we allowed for a

modified trend in the 1970's to account for other influences on
productivity which might have been improperly captured in the energy
price variable. The energy price elasticities presented in the next
section are significantly lower in absolute value thaj the same

elasticities estimated with just one trend coefficient.
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As may be seen from the regime of constraints which have been
imposed upon the model to assure what we view as '"reasonable'" results,
the approach to estimation in this study is clearly inconsistent with
the attitude toward empirical work found in many publications. The
methods used in this study follow from the objectives to which this
study is directed and the purposes to which the model will be employed.

The objective of this study is to produce a long-term forecasting
model while in most published empirical work the objective is hypothesis
testing. To achieve our stated objective, a rather general theoretical
model has been derived which might admit a multitude of empirical

results when fitted to an existing body of data. However, in an effort

to produce an acceptable forecasting model, there is no reason to Llimit

the information used to estimate the model to the time series that has

been constructed. There is a body of both theoretical and empirical

work which has preceded this study which might provide useful
information to be used in the estimation. ALL that is being sought is a
model, combined with empirical findings by others generally accepted by
economists, which might do a reasonable job of explaining employment and
investment demand by industry in the history and give forecasts in which
one might have confidence.

Based upon the modifications outlined in the preceding pages, the
model actually estimated for this study is a restricted version of the
one described in Chapter 3, and is displayed in equation system (2).

The presence of inequality constraints required the use of

quadratic pr09rammigg techniques to arrive at the parameter estimates.

The program was supplied by the INFORUM project and adapted by this

author for the present study.



B, = B8, >0 (2)

and

K = Bl(t) + Bz(t) + B3(t)

t1=t—1946 t=197, . . . 77

0 t < 1970

t-1969 t=1970, . . . 77




3. ResuLt§

The history of the growth in average labor productivity may be
usefully divided into a number of distinct episodes, as displayed in
Table 1. One observes from this table elements of similarity {n the
historical pattern of productivity growth among’many industries as well
as considerable varibility of growth rates. The clearest example of the
similarities is the breadth of the productivity slowdown which has
occured since 1973. There are 14 industries in which productivity
actually declined in absoluteAterms over the 1973-77 period, while a

total of 40 industries show evidence of labor productivity growth since

1973 compared to the period from 1947 to 1973. 1In addition, in 34
industries, productjyity growth was Lower in the 1966-73 period compared

to the earligr 193866 paciod.

The general pattern which emerges for most industries over the

post-war period, therefore, is one in which productivity growth began to
stow very slightly in the Latter part of the 1960's and the earlier part
of the 1970's, followed by a precipitous drop in productivity growth
from 1973 on. ‘The model tested in this study will attempt to explain

this pervasive slowdown with essentially two groups of variables:

movements in relative prices, energy-wage and capital-wage, and
percentage changes in output which reflect the cyclical movements 4in
productivity, which are, in addition, required to disappear in the long

run. The model, however, provides a useful framework within which one

might introduce specific variables for each industry which might help to

explain the peculiar history of that industry.

The pattern found in many industries in clearly born out by the
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aggregate growth rates, Productivity grew at a 1.0 percent annual rate
in the 1973-77 period, down from 2.4 percent over the previous 25 year
period. In addition, productivity growth slowed over the 1966-73 period
to 2.0 percent, compared with 3.0 percent over the 1958-66 period.

Table 2 displays the growth rates of the capital-labor ratios (KL)
for the 53 industries studied over selected period of the history.

Capital for this table is measured as simply the sum of the three

"buckets" described in Chapter 3. Consequently, the assumption is that

d, = d2 = 0 and d3 = 1. One would expect that, in the Long run, a

1
higher growth rate in KL would be associated with a higher growth rate
in average labor productivity. At the aggregate level, growth in KL
slowed over the 1973-77 period to 3.5 percent compared with 4.0 percent
over the 1947-73 period. There were 24 industries in which KL slowed
during the same 1947-73 period compared with the earlier period.
Threfore, the slowdown evident at the aggregate level is certainly not
restricted to a small number of industries. In addition, the widespread
slowdown in KL growth combined with the productivity growth slowdown of
the same period would appear to conform to one's prior expectations of
how these time series should be correlated.

However, the drop in productivity growth seems, at a glance, to bé
too large to be fully accounted for merely by the drop in the growth of
KL. The rate of post-1973 growth in average labor productivity dropped
by almost 60 percent at the aggregate lLevel compared with the pre-1973
growth rates (from 2.4 percent to 1.0 percent), while KL growth drops by
only 12.5 percent over the same period (from 4.0 to 3.5 percent). In

addition, looking at individual industries gives a mixed response to the

question of whether or not the decline in productivity growth may be
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largely accounted for by a decline in the capital stock. As mentioned
earlier, fhere are 14 industries in which productivity actually declined
in absolute terms (negative growth rates) since 1973. Among those 14
industries, two show an absolute decline in KL as well, namely, CRUDE
PETROLEUM AND NATURAL GAS (2) and MINING (3), while eight others exhibit
a Lower post 1973 growth rate in KL relative to the pre-1973 period.
Consequently, among the 14 industries with the most severe declines in
productivity growth, ten exhibit the "correct" positive correlation
between KL growth and productivity growth. However, there remain four
industries which exhibit declining productivity levels coincident with
increasing KL growth. The most conspicuous of these is AGRICULTURE
FERTILIZERS (11), in which the post-1973 growth rate in KL was 10.9
percent compared with a pre-1973 growth of 6.9 percent; while the
productivity growth rate went from 4.0 percenf during the 1947-73 period
to -.6 percent during the 1973-77 period. Finally, of the remaining 26
industries in which productivity growth decliﬁed since 1973, only nine
industries simultaneously experienced declining KL growth.

The negative correlations between movements in KL and movements in
productivity appear in many industries over the 1966-73 period, as well.
At the aggregate level, as mentioned earlier, productivity growth slowed

during this period relative to the earlier period. KL actually begins

to accelerate over the 1966-73 period, however, giving further evidence

of a slight paradox in the historical data.

-

This cursory review of the data reveals a few useful results.
First, even though there is broad similarity across industries with
respect to the pattern of both productivity growth and KL growth, there

remains significant differences between industries. buring a period of
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broad decline in productivity, 1973-77, there were some 30 percent of
the industries studied which showed faster growth in productivity,
relative to the earlier periods. Furthermore, even in those cases where
the broad patterns are similar, there remains significant differences in
the magnitudes of the rates. Finally, one may observe the
dissimilarities between both the patterns and magnitudes of KL and
productivity growth compared with their corresponding aggregates. Much

useful information is missed by looking only at aggregates.

Second, a simple two factor model of capital and Labor clearly
would not be adequate to explain the behavior of productivity, at least
for the past 20 years. We see an abundance of evidence suggesting that
declining capital formation, alone, may not explain the declining
productivity growth that began, for a lLarge number of industries, as
early as the lLlate 1960's and accelerated during the early 1970's.
Consequently, our model dincludes relative energy prices as well as
capital costs and labor compensation as among the independent variables.

The pattern of energy prices relative to other input costs is most .
striking over the history. As described in Chapter ﬁﬁ we have

contructed energy price series for each inddstry which takes into

consideration the composition of energy demand by type for each

ingﬂﬁﬁﬁy' Therefore, the series differ from industry to industry.
Tables 3 and 4 display growth rates for energy-capital and energy-labor
relative prices for selected sub-periods over the history for each
industry. As we see, there was a dramatic change in energy prices
relative to other input costs in the recent past. In all industries,
‘the average growth rate in energy price relative to both the wage rate

and capital cost was negative over the 1947-73 period. In addition,
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ANNUAL RATES OF GROWTH IN ENERGY-CAPITAL RELATIVE PRICE

47-58 58-66 66-73 47-73 73=77 47-77
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HON-FERROUS ETALS (24,25) =4.5 -1.3  =0.9 =2.5 4.2 -1.7
HETAL PRODUCTS (26) -4.7  -1.1 ~0.8 ~2.5 5.0 =1.6
ENGINES & TURRBINS (27) =4.9 -=1.2 -0.8 -2.7 5.2 =1.6
AGRICULTURE FACHINERY (28) =4.5 -1.1 -0.5 =2.4 6.6 =1.2
METALVWORKING IMACHINERY (30) 4.8 =1.4 <=0.7 <=2.8 5.4 =1.6
SPECIAL IKDUCTRY MACHINERY (31) -4.8 -=-1.3 =0.7 =2.7 4.7 -=1.6
1"ISC.NONELEC. MACHINERY (29,32 -4.5 -1.4 -0.2 =2.5 6.4 =1.2
COMPUTERS & OTHER OFFICE MACHINERY ( -3.9 =6.6 -=0.1 -1.9 6.7 =0.7
SERVICE INDUCTRY HMACHINERY (35) ~4.,2 -1.0 -0.0 -~2.3 7.3 -0.8
COMMUNICATIONS MACHINERY (36) 4.0 -1.2 -0.8 <=2.3 5.0 =1.3
HEAVY ELECTRICAL MACHIMERY (37) 4.2 =1.0 -0.4 =2.3 6.1 -1.1
HOUSEHOLD APPLIANCES (38) =4.1 -0.5 -0.4 =2.0 6.3 =0.9
ELECTRICAL LIGHTING & WIRING EQUIP ( =44 1.2 =1.2 <=2.5 4.0 -1.7
RADIO,T.V,RECEIVING,PHONOGRAPH (40) -4.0 ~0.7 =0.4 =2.1 6.9 -0.8
1"0OTOR VEHICLES (41) =4.5 -0.9 -0.6 <=2.4 5.9 -1.3
AEROSPACE (42) -3.9 -0.8 -0.6 2.2 6.1 -1.0
SHIPS & BOATS (43) =4.5 =0.8 =0.4 <-2.4 5.7 -1.2
OTHER TRANSPORTATION EQUIP. (44) -4.3 =0.7 -0.5 <=2.2 6.1 =1.1
INSTRUMENTS (45) 4,4  -1.2 0.0 =2.4 7.1 -1.0
MISC. MFG. (46) =44 -1.2 0.3 =2.5 5.9 -1.2
RAILROADS (47) -5.2 -0.8 0.2 =2.7 9.3 -0.9
AIR TRANSPORT (50) -1.6 =0.7 0.5 -1.5 10.2 0.7
TRUCKING AKD OTHER TRANSPORT (4G,49, =5.5 -1.3 0.6 =3.0 12.4 -0.6
COMMUNICATIONS SERVICES (S3) =4.2 =0.1 -1.0 <-2.0 5.7 =1.0
ELECTRIC UTILITIES (54) -5.1 =-1.2 2.4 =2.1 12.0 -0.0
GAS,WATER & SANITATION (55,56) -3.2 -0.0 -0.2 -1.5 12.8 0.5
> WHOLESALE & RETAIL TRADE (57,58 -4.0 -0.3 -0.1 -1.9 6.7 <=0.7
FINANCE & INSURANCE (60) 2.7 -1.3 3.4 =13 _17.8 | 1.8
REAL ESTATE (61) -3.0 =-0.9 2.6 -=1.4 19.9 1.9
HOTELS & REPAIRS FINUS AUTO (63) =2.4 0.3 0.4 =0.9 1&.7 1.2
BUSIMESS SERVICES (64) =2.9 -0.3 2.0 -1.2 15.6 1.4
AUTO REPAIR (65) -3.5 0.5 0.8 =1.4 13.9 G.9
[MOVIES & ARUSENMENTS (66) =2.2 0.1 0.0 -1.1 16.5 1.4
MEDICAL & ED. SERVICES (67) -3.6 -0.8 0.0 -1.8 6.8"' -C.6
TABLE 3
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ANNUAL RATES OF GROWTH IN ENERGY-LATDD 7 ATIVE PRICE

47-58 58-66 66-73 47=73 T73=77 47-77
FARNS AGR. SERVICES,FORESTRY,FISHERY 1.3 =7.1  =3.6 =-3.8 8.3 =2.1
CRUDE PETROLEUM AlD NATURAL GAS (4) 0.9 =-2.6 =3.8 =-1.4 5.2 -0.6
MINING (2,3,5) 4.1 =3.4 2.4 =3.4 9.6 =1.7
CONSTRUCTION (6) =2.5  =4.2  -1.7 3.4 12.2 -0.8
FOOD, TOBACCO (7) -4.2  =3.7 =2.7 -3.6 8.3 =2.0
TEXTILES (8) . =3.1  =3.6 =3.7 -3.3 6.0 =2.2
KNITTING, HOSIERY (9) -1.9 =2.8 =2.3 -2.4 11.9 -0.4
APPAREL AND HOUSEHOLD TEXTILES (10) 1.2 =2.2 =2.0 -1.7 7.8 =0.5
PAPER (11) 4.0 =3.9 -2.0 -3.4 9.0 =1.8
PRINTING (12) “3.6  =2.8  =2.4 <=3.0 7.8 =1.6
AGRICULTURE FERTILIZERS (13) —4.2  =2.8 =2.4 =3.2 7. -1.9
OTHER CHERICALS (14) -4.7  =3.4  =1.7  =3.7 7.5 =2.0
PETROLEUN REFIMING & FUEL OIL (15,16 —4.4  =2.9 =0.2 =3.3 7.8 -1.4
RUBBER AID PLASTIC PRODUCTS (17,18) 4.2 =2.2 2.1 =3.0 6.6 -1.7
FOOTWEAR AIID LEATHER (19 -2.9 -Z2e3 -2.8 -2.9 7.9 -1.4
LUMBER (20) -2.9 =3.7 2.9 -3.4 8.5 -1.6
FUNITURE (21) =3.3  =2.7  =1.9 =2.6 7.3 1.4
STONE,CLAY & GLASS (22) -4.3  =3.2 =2.0 =3.2 8.4 ~-1.8
IROL AND STEEL (23) ~4.8  =2.9 =2.6 =3.5 6.7 =2.3
NON-FERROUS IETALS (24,25) ~4.5 =3.1 =3.3 =3.5 4.3 =2.7
METAL PRODUCTS (26) 4.1 =3.1  =2.2 =3.2 6.1 =2.0
ENGINES & TUREINS (27) 4.2 =3,1 3.2 3.6 5.2 <-2.4
AGRICULTURE MACHINERY (28) =3.9  =4.0 =3.4 <=3.8 6.1 -2.5
METALVORPKING MACHINERY (30) =4 4 -3.3 =23 -3.6 6.9 -2.1
SPECIAL INDUCTRY MMACHINERY (31) -4 .1 =3.6 -2.2 -3.6 5.2 2.4
MISC.NONELEC. MACHINERY (29,32) -4.0 -2.9 -2.3 -3.3 6.3 -1.8
COMPUTERS & OTHER OFFICE MACHINERY ( -4,3 -3.8 -2.0 =35 5.7 -2.3
SERVICE IMDUCTRY MACHINERY (35) =3.9 =3.2 =2.3 <=3.4 8.4 1.7
COMAUNICATIONS MACHINERY (36) ~hoh =2.8 =3.6 =3.6 4.9 <-2.6
HEAVY ELECTRICAL MACHINERY (37) -4.2  =2.4  =2.4 =3.1 7.1 1.8
HOUSEHOLD APPLIANCES (38) -3.9 ~2.6 =2.5 =3.0 7.8 ~=1.7
ELECTRICAL LIGHTING & WIRING EQUIP ( 4.1 =3.0 =3.8 =3.4 5.2 =2.5
RADIO,T.V.RECEIVING,PHONOGRAPH (40) “4.1  =2.2  =3.7  =3.2 6.5 =2.1
MOTOR VEHICLES (41) “S.4  =3.0 =3.6 =4.0 5.2 =2.9
AEROSPACE (42) ~4.5 =43 =3.0 =41 5.7 =2.7
SHIPS & BOATS (43) “3.7  =3.7 -1.8 =3.3 6.7 -1.8
OTHER TRANSPORTATION EQUIP. (44) -4,9 =3.7 -2.2 -3.9 6.5 -2.5
INSTRUMENTS (45) -5.3 =2.8 =2.0 =3.7 8.3 =2.1
NISC. HMFG. (46) -3.5 =2.8 =-2.2 =3.1 8.0 -1.5
RAILROADS (47) -3.5 =3.3 =3.7 =3.4 11.9 -1.4
AIR TRANSPORT (50) -2.5 =5.0 =3.4 ~4.1 10.0 -1.7
TRUCKING AND OTHER TRAMSPORT (48,49, =2.5 =4.2 =2.0 =3.2 12.7 0.8
COMIUMICATIONS SERVICES (53) ~3.4  =heb6 =4.9 =4.0 2.8 =3.3
ELECTRIC UTILITIES (54) “4,0 4.6 =0.6 =3.4 12.2 =1.2
GAS,WATER & SARITATION (55,56) 4.0 =2.9 =1.9 =3.1 11.1 -1.2
WHOLESALE & RETAIL TRADE (57,58) 2.3 =3.7 -3.0 =2.9 7.0 -1.6
FINANCE & INSURANCE (60) -2.0 =~4.6 =0.2 =2.9 17.5 0.3
REAL ESTATE (61) ~1.6  =4.5 =1.3 =2.9 16.9 0.1
HOTELS & REPAIRS MINUS AUTO (63) -0.7 =3.4 =2.4 =2.0 14.8 0.3
BUSINESS SERVICES (64) -1.8 =3.2 =0.6 =2.2 15.7 0.4
AUTO REPAIR (65) -0.8 =3.3 =2.7 =2.1 15.8 0.3
[MOVIES & AMUSEMENTS (66) -1.0 -3.6 =01 -1.7 14.8 0.6
MEDICAL & ED. SERVICES (67) ~2.0  =4.b  =5.1 =3.5 7.5 =2.1

TABLE 4
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energy prices relative to Labor cost declined at a}faster rate than did
the energy-capital relative price. In 41 industries the energy-wage
relative price declined an average of three percent or more over the
1947-73 period, while the energy-capital relative price declined at
better than the three percent rate in only four industries.
Consequently, prior to 1973, energy was becoming cheaper relative to
Labor cost and capital cost.

buring the 1973-77 period, energy became more expensive relative to

capital and lLabor in all industries. In addition, the increasel cost of

energy is most pronounced in the transportation, utilities, and service

sectors. One certainly would expect that the dramatic change in the
—

structure of prices occurring since 1973 would have some effect upon the
investment and employment decisions by industry.

Table 3 and 4 also reveal that the dramatic turnabout in energy
prices beginning in 1973 was preceded by a more modest yet clear change
in the pattern of energy prices during the 1966-73 period. For, during
this period, there was a clear slowdown in the decline of energy prices
relative to the other input prices. The slowdown in the decline of
energy cost relative to Labor cost occurred in 41 of the 53 industries,
while the decline in energy cost relative to capital cost occurred in 44
of the 53 industries.

The model displayed in (2) was used to explain the data which
generated the KL and productivity growth rates used to construct Tables
1 and 2. The price data embodied in Tables 3 and 4 were used as
explanatory variables. The parameter estimates and R2 for each industry

are displayed in Table A1 in Apendix A; and the elasticities computed

from these parameters, evaluated at the 1977 values of the dependent and
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independent variables, are displayed in Table 5. Since quadratic
programming was used to estimate the model in order to incorporate our
prior views about the sign patterns of the elasticities, conventional
approaches to assessing the "quality" of the models may not be applied;
for this reason, standard errors are not displayed.

Referring to Table A1 in Appendix A, the number Labeled RSQR gives
the R2 for the entire system, and may be negative. NIT represents the
number of iterations required for convergence. DQ1 through D@4 are the
coefficients in the productivity equation on perceﬁgae changes in
output, and provide information on the cyclical movements of
productivity. The first result one observes from these coefficients is

the fact that average labor productivity (ALP) is procyclical in 2

majority of industries, consistent with a similar macro phenomenon.

That is, as output increases, ALP increases above its long run path;
and as output decreases, ALP decreases. An example is found in LUMBER
- (16) in Table A1. The coefficient Labeled D@1 says that a one percent
increase in output leads in the same period to a 13.8 percent decrease
T —————
in labor per unit of output below its Long run growth path, which in
SR
this study is explained by relative price movements and a time trend.
Therefore, an increase in output leads to an increase in ALP above its

long run growth path, by, as it turns out, slightly more than 13.8

percent. The coefficient labeled DQR2 suggest that the first period
increase in output will lead to a further reduction in the next period
in Labor requirements of approximately 7.8 percent. Finally, D@3 and
D@4 are positive, suggesting that any increase in productivity of a
purely cyclical nature will disappear by the end of the business cycle.

Increasing returns are found in 45 of the 53 industries displayed. The
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only industries which do not follow this pattern are HOTEL AND REPAIRS
(51) , AEROSPACE (37), FOOTWEAR AND LEATHER (15), AGRICULTURE FERTILIZERS
(11), AGRICULTURE (1), FINANCE AND INSURANCE (49), OTHER TRANSPORTATION
(39) COMMUNICATIONS SERVICES (45), and AGRICULTURE MACHINERY (23). | —
Again referring to Table A1, coefficients lLabeled D1, D2, and D3
are the weights which together imply patterns of depreciaton. They show

industry level depreciation patterns which for 35 of the 53 industries

differ from the geometrically decLinng pattern used in much empirical

igﬂi' As we stated in Chapter 3, industries in which the estimated D1
is different from unity do not have geometrically declining patterns of
depreciation. Using the estimated coefficients, patterns of
depreciation are constructed and plotted in Appendix B at the end ot the
chapter for those industries which have patterns different from the
geometric pattern. As one may see from the plots, there exists
considerable diversity across industries. |

TRENDE and TRENDE2 correspond to the trend coefficients a, and a,
in (2). Consequently, a positive TRENDE2 means that the rate of decline
in employment per unit of output is lower starting in 1970 compared with
the pre-1970 period. This result in turn suggests that the trend growth
the productivity has slowed starting in 1970.

Appendix C, at the end of the chapter, gives the plots of actual
versus predicted investment and productivity for each of the 53
industries. These provide another view of the ability of the model to
track investment and employment over the history.

Table 5 presents evidence of the substitution possibilities among
the inputs as well a§ measures of fit and serial correlation. Looking

at the first industry, AGRICULTURE,FORESTRY,FISHERY, and reading across
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the CAPITAL row, we observe, first, the elasticity of capital with
respect to its own price, PK' Then we see the elasticity of capital
with respect to the price of Labor, PL’ and the price of energy, Pg.

The SIGMA column gives the Allen elasticity of substitution, the only

elasticity which we were able to compute with the data in hand. This

elasticity measures the percentage change in the capital labor ratio_in
response to a percentage change in the ratjo of the price of Labor to

the price ot capital, holding all other input prices an output constant.

Next;ﬁ;e see the cost share column ,CSTSHR, which together with the
capital-labor cross price elasticity gives the AES for capital and
Labor. FIT is the root mean squared error expressed as a percentage of
the mean of the dependent variable. The smaller this number, the better
‘the fit. The final column, RHO, is the coefficient of serial
correlation and is used in the forecast.

Table 5 sheds light on the substitution possibilities between

capital and energy. There are 16 industries in which capital and energy

are substi Among the industries most sensitive to energy prices
in this way are AGRICULTURE (1), CONSTRUCTION (4), AGRICULTURE
FERTILIZERS (11), OTHER CHEMICALS (12), PETROLEUM REFINING (13),
AEROSPACE (37), and GAS,WATER AND SANITATION (47), all with cross price
elasticites greater than 0.2. Of the remaining 9 industries in which
capital and energy are substitutes, three have elasticities between 0.1
and 0.2, and the remainder have elasticities less than 0.1.

There are 37 industries which show evidence of varying degrees of
capital-energy complementarity. The most sensitive among these
indus;ries are OTHER TRANSPORTATION (39) and RADIO, T.V. ’(35) with

elasticities greater than 0.5 in absolute value. Of the remaining
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industries nine have elasticities greater than 0.2 while 26 have
elasticities less than 0.1.

Table 5 also provides information about the relationship between
Labor and energy by industry. There are 19 industries in which labor
and energy are substitues; that is, higher energy prices lead to more
Labor employment, and Lower average labor productivity. Consequently,
higher energy prices relative to the wage rate played a role in the
productiv;ity slowdown in the 1973-77 period in a minority of the
industries. For those industries where labor and energy are
substitutes, two have elasticities greater than 0.5, while twelve have
elasticities between 0.1 and 0.5. The most sensitive of the 19
industries are CRUDE PETROLEUM (2), ENGINES & TURBINES (22), and
RAILROADS (42).

There are 33 industries in which labor and energy are complements.
Therefore, in these industries higher energy prices lLead to reduced
employment for a given level of output. Some of the industries which
are most sensitive in this way are TEAILES (6), IRON & STEEL (19),
AGRICULTURE MACHINERY (23), and SERVICE INDUSTRY MACHINERY (30). Of the
remaining 29 industries, 17 have elasticities greater than 0.1 in
absolute value.

The attempt to estimate the Labor-energy elasticity had led us to
try two previous versions of the model before settling on (2). The
first version consisted in estimating the employment equation with a

single trend coefficient. Those results gave equations which suggested

that energy prices played a major role in the productivity slowdown of

the 1970's. With a constant exponentijal trend specification, 34

- ——

industry equations showed that labor and energy were substitutes in
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production. The elasticities for this version of the model are
presented in Appendix D. A second version of the model modified the
expohentiat trend coefficient with a sloee dummy which was set equal to
one from 1970 through 1977. The purpose of this modification was to
permit the trend growth in labor per unit of output to change beginning
in 1970. The affect on the estimates was to reduce the number of
industries in which Labor and energy appeared as good substitutes to 31,
and reduce the size of the elasticities slightly. The elasticities for
this version are displayed in Appendix E.

The results which we have presented in this chapter are for the

third version of the model in which an additional trend is introduced

which starts with the value of one in 1970. However, this third version

gave employment price elasticities for COMPUTERS & OTHER OFFICE
MACHINERY (29) and MOTOR VEHICLES (36) which were so Large that the
equations actually generated negative employment by 1983 when a
preliminary forecast of the equations was made.4 Consequently, the
equations in Table 5 for these two sectors are results from estimating
the second version of the model.

As mentioned earlier, own price elasticities of capital and Llabor
are required to be non-positive, while the cross price elasticities
"between capitaL and Labor are required to be non-negative.
Nevertheless, the magnitudes of these elasticities supply some useful
intormation. There are four industries in which capital's own price
elasticity is greater than 0.5 in absolute value: AGRICULTURE (1),
AGRICULTURE FERTILIZERS (11), AEROSPACE (37), and GAS,WATER AND
SANITATION (4¢), while there are 18 industries where the same is true of

Labor's own price elasticity. In addition, of the 42 industries in
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which at least one of the own price elasticities is non-zero, 32 show

e ————

Labor's own price elasticity is Larger in absolute value than capital's.

There is, consequently, evidence that labor is more adjustable in
production than is capital.

"Finally, there are three industries in which the elasticity of
substitution is zero, 28 in which it is between zero and .25, seven in
which it is between .25 and 0.5; five in which it is between 0.5 and
1.0, and 10 in which it is greater than unity. The industries with the
highest elasticities of substitution.betueen capital and labor are
KNITTING, HOSIERY (7), COMMUNICATIONS MACHINERY (31), HOUSEHOLD
APPLIANCES (33), and RADIO,T.V. (35). There seems to be Llittle

—
evidence to support the Cobb-Douglas function at the industry level.

4. Summary

Efforts to apply the Dierwert cost function to time series data on
investment and productivity for 53 industries which exhaust the U.S.
economy have been fruitful. Even with prior restrictions on selected
elasticities, based upon well established past empirical and theoretical
work, the model fits historical data satisfactorily for a majority of
industries; and givetprice elasticity measures with, for the most part,
reasonable magnitudes. These results suggest that a combination of
cyclical phenomena, relative price movements and trend variables are
sufficient to explain the slowdown in productivity that began in the
Late 1960's and picked up steam in the 1970°'s.

We see from the results that both lLabor employment and investment

are indeed sensitive to relative price movements. Capital appears as a

comglgment with eneray in most industries as does labor. The results
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suggest, further, that capital and Labor are substitutable in production
in most industries. As mentioned before, only three industries show a
zero elasticity of substitution between capital and labor, while a
majority of the industries show elasticities considerably less that
unity.

Experimentation with various modifications of the model presented
in this chapter revealed that the capital-labor elasticities were, for
the most part, unchanged from specification to specification. In
addition, the capital-energy elasticities were invariant with respect to

various versions of the model. However, the Labor-energy elasticity was

extremely sensitive to the introduction of the second trend variable in

the employment equation; For example, we see from the results in this

chapter that Labor and energy are substitutes in 19 industries. When

the model was run with just a single trend variable, a in equation (2),
evidence of labor- energy substitutability appeared in 32 industries.

At the beginning of this study, we stated that our hope was to
estimate .a model which (i) was theoretically consistent, (ii) fit
industry data well, (iii) would be capable of addressing long term
policy issues dealing with capital formation and productivity, and (iv)
would be a useful forecasting tool. In addition, we expected the model
" to shed lLight on the causes of the productivity slowdown which has
plagued the economy during the 1970's. It is clear from the results
presented in this chapter that our hopes have been only partially
fulfilled. The model does fit industry data well as the plots in
Appendix C demonstrate. Also, the theoretical soundness of the model
makes it useful for studying the effects of tax policies on capital

formation and productivity. Whether it is a useful forecasting tool
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must await the next chapter. Finally, we must admit that the model
sheds little Light on the causes of the productivity slowdown of the
1970's. For, most of the productivity slowdown is captured in the
second time trend, labeled TRENDEZ2 in Appendix A. Consequently,
although we are able to fit the data, we continue to be unable to
explain what economic variables, if any, were and are responsible for
the slowdown. The only candidate variables, other than a time trend,
which we introduced into the model which might provide some explanation
for the productivity slowdown were relative prices —- capital-labor and
energy-labor. Indeed, one version of the model gave support to the
contention that energy prices pléyed a major role in the slowdown.
However, we do not suggest that these variables represent an exhaustive
{ist. We continue to believe that the model is an adequate framework
within which additional variables may be introduced which might in turn
provide a further‘explanation of the productivity experiences of the
1970's.

Now we turn, in the next chapter, to Look at the ability of the
model to predict employment and investment over the Latter part of the

1970's and early part of the 1980°'s.



1.
2.

- 110 -

FOOTNOTES

See (1) and (2).

There are ranges of negative values for the weights which would

permit reasonable depreciation patterns. For example, depreciation

‘could continue to be positive should the second weight be negative

and small. In addition, it might be reasonable in some cases to
allow for negative depreciation early in the Life of the equipment,
suggesting that the equipment actually becomes more productive some
time after its installation date. However, we could find no
feasible way to allow for these possibilities while, at the same
time, prevent unreasonable parameter estimates. Consequently, we
settled for requiring that they all remain positive.

See (1). There was an additional modification to the output series
before estimation commenced. From the actual output series, Q, we .
constructed a new output series defined as fol lows:
Gt for Qt >= (1-d)*Qt_1

(1-d) *Q otherwise

t-1
where d is the same spill rate used to construct the buckets for the
different industries. The effect of this transformation is to
reduce the size of the drop in industry output which might appear in
the equations. The rationale for using the transformed time series
is that firms do not view a huge drop in output as a drop in
permanent output; and, consequently, they do not revise downward
their desired capital stocks by as much as the drop in output might

suggest. Since we are using the same spill rate as we used for the

capital stock series, we are suggesting that a hugé drop in output
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will be viewed as a reduction in permanent output just to the extent
that existing capital is depreciated.

For COMPUTERS AND OTHER OFFICE MACHINERY, the elasticity of labor
with respect to the price capital,labor and energy were,
respectively, 3.366, -2.561 and ~-0.805. For MOTOR VEHICLES, the

same elasticities were 4.670, -1.713, and -2.957.
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APPENDIX A A-1

SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS
L L L L T T e e s e e
1 FARMS AGR. SERVICES,FORESTRY,FISHERY
RSQR = 0.769 ﬁIT = 7
COEFFICIENT ESTIMATES

oa1l D@2 DQ3 D@4  TRENDE TRENDE2 BLL BEL
-0.0118 -0.0245 0.0076 0.0287 0.0700 0.1007 0.0309 -0.0893

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.1677 0.9271 0.0000 0.0729 0.2668 =-2.008 0.0000

ook A A ke A oA e Ak A A A sk A e ok Ak ek Rk Ak ik ok A ke ke ko sk sk ok sk ok
2 CRUDE PETROLEUM AND NATURAL GAS (4)
RSQR = 0.181 NIT = 4
COEFFICIENT ESTIMATES

0a1 D@2 DQ3 DQ4  TRENDE TRENDE2 BLL BEL
-0.0449 =-0.0722 0.2442 -0.1271 0.0256 0.0671 -0.0089 0.0192

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0000 0.0000 0.0000 1.0000 0.3265 0.5830 0.0300

****************‘*********************************************************
3 MINING (2,3,5)
RSQR = 0.455 NIT = 7
COEFFICIENT ESTIMATES

- pQ1 pa2 DQ3 D4 TRENDE TRENDE2 BLL BEL
-0.1853 -0.0002 0.1195 0.0660 0.0280 0.0514 =0.0036 0.0147

BKL - DM D2 D3 PEK  INTCPT  TRENDV
- '0.0135 1.0000 0.0000 0.0000 0.1692 -0.2713 0.0000

Feok gt oA kst et g A s o kb sk ek ok
4 CONSTRUCTION (6)
RSQR = 0.910 NIT= 6
COEFFICIENT ESTIMATES

0Q1 D@2 pa3 DQ4  TRENDE TRENDEZ2 BLL BEL
-0.5361 0.1660 0.4970 -0.1269 0.0298 0.0820 0.0594 -0.0238

BKL D1 D2 03 PEK  INTCPT  TRENDV
0.0238 1.0000 0.0000 0.0000 0.1147 -0.3829 0.0000
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Yok ddrkdkkddedddokk ke ke ke Ak dhkkkk ko ikdd ko kkk ki kk ko kkkdkkkk
5 FOOD, TOBACCO (7)
RSGR = 0.902 NIT = 4
COEFFICIENT ESTIMATES

pa1 D@2 Da3 DQ4  TRENDE TRENDEZ2 BLL BEL
-0.2133 -0.0188 0.0355 0.1967 0.0374 0.0185 0.0245 -0.0041

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0041 0.6870 0.0000 0.3130 0.0077 -0.1772 0.0000

***********_**************************************************************
6 TEXTILES (8)

RSGR = 0.834 NIT = &

COEFFICIENT ESTIMATES

pat D@2 DQ3 D@4  TRENDE TRENDE2 BLL BEL
-0.4091 -0.2534 0.2077 0.4548 0.0700 0.0703 0.086 =-0.1335

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.1593 0.2537 0.0000 O0.7463 -0.1592 -0.1446 0.0000

e dededede e e A oA e e dr e e dr etk de ke de ok ok Ak e ek ek ek Ak e ke de ok de sk sk ek e e ok sk ok
7 KNITTING, HOSIERY (9)
RSQR = 0.891 NIT= 5
COEFFICIENT ESTIMATES

DIy | D@2 D@3 D@4 TRENDE TRENDEZ2 BLL BEL
-0.1378 0.0547 0.0109 0.0722 0.0627 0.0000 0.0521 0.0121

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.1119 0.5149 0.0000 0.4851 -0.1119 =0.0723 0.0000

Jedekdek Aok kA A dek Rk Ak A g Ak Akt ek A A d e deok de e dedede e de et s e e ke ek Aok e ok
8 APPAREL AND HOUSEHOLD TEXTILES (10)
RSQR = 0.871 NIT = 7
COEFFICIENT ESTIMATES

ba1l D@2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.0226 0.0346 =-0.2553 0.2434 0.0436 0.0364 0.0971 -0.0736

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0736 0.7042 0.0000 0.2958 -0.0736 -0.0817 0.0125



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS
L L L L g T S e T e e ey
9 PAPER (11)
RSGR = 0.851 NIT = &
COEFFICIENT ESTIMATES

pa1 D@2 D@3 DQ4  TRENDE TRENDE2 BLL BEL
-0.2349 -0.0173 0.0971 0.1552 0.0257 0.0000 0.0198 -0.0013

BKL D1 b2 b3 PEK  INTCPT  TRENDV
0.0111 0.5425 0.0000 0.4575 -0.0034 0.3155 0.0300.

b
10 PRINTING (12)
RSQR = 0.966 NIT = 8

COEFFICIENT ESTIMATES

pQ1 ba2 Da3 DQ4  TRENDE TRENDE2 BLL BEL
-0.2715 =-0.0208 0.0212 0.2710 0.0390 0.0487 0.0562 =-0.0510

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0570 0.6559 0.0000 0.3441 -0.0510 -0.0817 0.0000

Fedededekodekodddedkokdeddk ek dedededod e g el Aotk i ek sk ok ok ek sk e e sk ke ok
11 AGRICULTURE FERTILIZERS (13)
RSQR = 0.934 NIT = 5
COEFFICIENT ESTIMATES

pQ1 D@2 pa3 | DQ4  TRENDE TRENDEZ2 BLL BEL
0.0139 -0.4788 0.1517 0.3133 0.0341 0.0351 -0.0139 0.0006

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0251 0.6006 0.0000 0.3994 0.481 0.0125 0.0000

KA AR KR TR AT AEXEXITATTATEAAAREEAAATEATRTAAATRETAARAAAAATAAALTE AT ARk h A Ak kkk
12 OTHER CHEMICALS (14)

RSGR = 0.918 NIT = 6

COEFFICIENT ESTIMATES

DQ1 pQ2 Da3 DQ4  TRENDE TRENDEZ2 BLL BEL

-0.3101 -0.0460 0.0169 0.3392 0.0405 0.0022 0.0251 0.0077
BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0000 0.8212 0.0000 0.1788 0.3309 -0.1546 0.0300



SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

Jode g de e Fe do Je de e Fo de do e e de Fe e o e e Jodedo e e de do Fe do Je T e de e de de I o e e e do de de dede do e e de K e % ke ke g de ke de e ke ek d ke ke ke ke Kk
13 PETROLEUM REFINING & FUEL OIL (15,16

RSGR = 0.729 NIT = 8 |

COEFFICIENT ESTIMATES

b1 D@2 pa3 DQ4  TRENDE TRENDEZ2 BLL BEL
-0.2784 -0.1874 0.3357 0.1301 0.0458 0.0259 0.0033 0.0013

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0015 0.0000 0.0000 1.0000 O0.0616 0.1669 0.0013

ek dded kA de s A A A A A A kA e At Rl kA Ak A kA ok A ek sk ok sk ke ek sk ek s ok ok
14 RUBBER AND PLASTIC PRODUCTS (17,18
RSQR = 0.960 NIT = 4

COEFFICIENT ESTIMATES

pa1 D@2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.0692 -0.0887 0.0707 0.0873 0.0306 0.008 -0.0027 0.0264

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0232 0.0000 0.0000 1.0000 -0.0232 0.1638 = 0.0300

L L L L rururaurprrrmra———"
15 FOOTWEAR AND LEATHER (19
RSQR = 0.904 NIT = &4

COEFFICIENT ESTIMATES

pa1 D@2 D@3 DQ4  TRENDE TRENDEZ2 BLL BEL
0.2276 0.0419 -0.1297 -0.1398 0.0155 0.0000 0.0573 -0.0158

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0162 0.281 0.0000 0.7139 -0.0043 0.0073 0.0000

iRk ARk Rk Rk Rk kiR eokodeioko ek ko ook ok
16 LUMBER (20)
RSQR = 0.947 NIT = 4
COEFFICIENT ESTIMATES

pQ1 pa2 DQ3 D@4  TRENDE TRENDE2 BLL BEL
-0.1387 -0.0784 0.1221 0.0949 0.0391 0.0326 0.0442 -0.0223

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0223 0.1439 0.8562 0.0000 -0.0223 -~0.0076 0.0000

A=4
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khkkkkkkhhhhhhkhhdhhkhhhhkhhhhkhihkkhhhhhhhdhhhkhhkhhkhhkhhkhkhhkhhkhhhhdkhhhkkikhk

17 FUNITURE (21)
RSGR = 0.910  NIT = 6

COEFFICIENT ESTIMATES

pal pQ2 Da3 D@4  TRENDE TRENDEZ2 BLL BEL
-0.0502 -0.2881 0.2337 0.1046 0.0216 0.0111 -0.0180 =0.0173
BKL b1 . D2 D3 PEK  INTCPT  TRENDV

0.0895 0.1154 0.0000 0.8846 -0.0895 -0.0328 0.0000
e e e Yo Je 7 v de e e e e oo Fe e de e de e v s g dede sk v v Yook v v s I v de e sk e ok o I e vk o sk ek ok ok s e do sk ok sk e e de ke ek ke ok
18 STONE,CLAY & GLASS (22)
RSQR = 0.733  NIT = 4
COEFFICIENT ESTIMATES

- - b@1. - D@2 D@3 D@4  TRENDE TRENDEZ2 BLL BEL
-0.1372 -0.059¢ 0.0711 0.1257 0.0140 0.0077 0.0037 -0.0010

: éKL D1 D2 . D3 PEK  INTCPT  TRENDV
0.0260 0.7843 0.0000 0.2157 -0.0260 0.1692 0.0282

*******************************************************************?*****
19 IRON AND STEEL (23)
RSQR = -0.632 NIT = 4
 COEFFICIENT ESTIMATES

bRt D@2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.1174 =0.0301 .= 0.0517 0.0958 0.0221 0.0341 0.0159 =0.0179

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0179 1.0000 0.0000 0.0000 =-0.0179 0.0997 0.0300

****¥********************************************************************
20 NON-FERROUS METALS (24,25
RSGR = 0.494 . NIT = 15
COEFFICIENT ESTIﬁATES

pQ1 Da2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.1458 -0.0953 0.1501 0.0911 0.0152 0.0162 -0.0114 0.0029

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0222 0.1427 0.0000 0.8573 =0.0222 0.1674 0.0300
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21 METAL PRODUCTS (26)

RSGR = 0.912 NIT = 8

COEFFICIENT ESTIMATES

pa1 DQ2 pa3 DQ4  TRENDE TRENDE2 BLL - BEL
-0.1291 -0.0811 0.1759 0.0343 0.0439 0.0588 0.0466 =0.0489

BKL D1 D2 - D3 PEK  INTCPT  TRENDV
0.0489 0.1057 0.8943 0.0000 -0.0489 -0.0771 0.0187

Fekdehddokdkddhhh kRt kdd gk sk kd ek dd Aok d ik e dok ke stk deok deded ke ok de ok de s s b deok ook e ek
22 ENGINES & TURBINS (27)
RSQR = 0.931 NIT= 5
COEFFICIENT ESTIMATES —

pa1 DQ2 a3 DQ4  TRENDE TRENDE2 BLL BEL
-0.0296 -0.1158 =0.0526 0.1979 0.0261 0.0000 -0.0367 0.0290

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0335 0.8197 0.0000 0.7803 -0.0335 -0.0097 0.0300

Fedddehdedekodk ke drdkedod e dedede sk hd ke k ke kA Ak dkdddk otk stk ke ok dd kA kdk dk ke irke ok sk ko &
23 AGRICULTURE MACHINERY (28)
RSQR = 0.676 NIT= 6
COEFFICIENT ESTIMATES

pQ1 D@2 pa3 D@4  TRENDE TRENDE2 BLL - BEL
0.0155 =-0.0141 0.0926 -0.0940 0.0590 0.0557 0.0499 -0.1056

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.105¢ 0.0000 1.0000 0.0000 -0.1056 -0.0803 0.0000
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Fededrdeicdoded dok dededededededdrded ded A de ded dedededdedd ok e dedede ok sk de e o d s ok s ok e e sk sk ok e
25 METALWORKING MACHINERY (30

RSQR = 0.599 NIT= 5

COEFFICIENT ESTIMATES

. ba1 b2 D@3 DQ4  TRENDE TRENDEZ2 BLL BEL
-0.0070 -0.0417 0.0278 0.0210 0.0000 0.0006 -0.0060 0.0031

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0277 1.0000 0.0000 0.0000 -0.0277 -0.1699 0.0197

b D
27 SPECIAL INDUCTRY MACHINERY (31)
RSQR = 0.614 NIT = 15
COEFFICIENT ESTIMATES

bRl bQ2 Da3 DQ4  TRENDE TRENDE2 BLL BEL
-0.2916 0.0130 0.0192 0.2594 0.0628 0.0841 0.0481 -0.0857

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0980 1.0000 0.0000C 0.0000 -0.0980 =-0.0310 0.0300

Fk AR A A A A A A IRk AR KR A AR KRR A KA R AR AR Ad R h Ak dh ke dede ootk ke dedrdeok dede sk sk de ke ek ko ook
28 MISC.NONELEC. MACHINERY (29,32)
RSQR = 0.952 NIT = 5

COEFFICIENT ESTIMATES

pail D@2 ~ ba3 D@4  TRENDE TRENDE2 BLL BEL
-0.1129 0.0238 0.0312 0.0579 0.0101 0.0006 -0.0146 0.0109

BKL D1 02 D3 PEK  INTCPT  TRENDV
0.0298 1.0000 0.0000 0.0000 -0.0298 -0.2526 0.0040
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dedededekdededded gk dddok ke dd ek deddedded gk ok dekdodk ke d ke d kot e d sk ok ok s ok ok ek sk ke
29 COMPUTERS & OTHER OFFICE MACHINERY (
RSQR = 0.797 NIT = 6
COEFFICIENT ESTIMATES

bQ1 D@2 DQ3 D@4  TRENDE TRENDE2 BLL BEL
-0.1477 0.0160 0.0832 0.0485 0.0700 0.0139 -0.2810 =-0.0667

- BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.4516 0.0000 0.0000 1.0000 -0.4515 -0.0075 0.0300

Feddedk ARk d kg ke ddek gk gk dededkdedede etk e dedede s ek Ao de sk ook o sk ok de ok de ok ok e ok ok sk ok ok ok s ke e ok ok
30 SERVICE INDUCTRY MACHINERY (35)
RSQR = 0.879 NIT = 15
COEFFICIENT ESTIMATES

pa1 D@2 pa3 DQ4  TRENDE TRENDEZ2 . BLL BEL
-0.1963 -0.1312 0.1911 0.1365 0.0700 0.1213 0.0348 -0.0941

BKL D1 D2 D3 PEK  INTCPT  TRENDV
-0.1144 1.0000 0.0000 0.0000 -0.1144 =0.0727 0.0071

*********f***************************************************************
31 COMMUNICATIONS MACHINERY (36)
RSQR = 0.880 NIT= 7
COEFFICIENT ESTIMATES

pat D@2 pa3 D@4  TRENDE TRENDE2 BLL BEL
-0.0562 -0.1532 0.0764 0.1330 0.0700 0.0756 =-0.0515 -0.2005

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.3619 0.5111 0.4889 0.0000 -0.3619 -0.3792 0.0000

dedededrdededededod ki dk dededed deededdedddek ke deok kk dedk ke sk Ak de ok de ko ook ks de ek e ok
32 HEAVY ELECTRICAL MACHINERY (37)
RSQR = 0.854 NIT= 9
COEFFICIENT ESTIMATES

pR1 Da2 pa3 D@4  TRENDE TRENDEZ2 BLL BEL
-0.0515 -0.1973 0.2090 0.0398 0.0459 0.0521 0.0491 -0.1160

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.1160 1.0000 0.0000 0.0000 -0.1160 -0.1213 0.0177
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33 HOUSEHOLD APPLIANCES (38)
RSQR = 0.462 NIT = 13
COEFFICIENT ESTIMATES

pa1 D@2 pa3 D@4  TRENDE TRENDEZ2 BLL BEL
-0.2318 -0.1062 0.1611 0.1769 0.0700 0.0893 -0.0090 =-0.2550

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.3302 0.7490 0.0000 0.2510 -0.3301 -0.1048 0.0166

e drded ded A e Ao Aok A Ak ke Ak dede ded ke ke de de ok ek e e e A ko sk ok Ak ek ko ok
34 ELECTRICAL LIGHTING & WIRING EQUIP (
RSQR = 0.902 NIT = 4
COEFFICIENT ESTIMATES

pa1l D@2 D@3 D@4 TRENDE TRENDEZ2 BLL BEL
-0.2013 -0.0644 0.1019 0.1637 0.0000 0.0024 -0.0363 0.0185

BKL D1 D2 03 PEK  INTCPT  TRENDV
0.0415 0.6206 0.0000 0.3794 <-0.0415 -0.0235 0.0209

" dededededededededede e de e de e de oo de e o e s e o e o de e de F v F e v e de e de g e e % e g 7 s vk e v e sk e e ok sk e vk o 9 9 vk sk sk ok e o s de ok o

35 RADIO,T.V.RECEIVING,PHONOGRAPH (40)
RSQR = 0.886 NIT= 1
COEFFICIENT ESTIMATES

pa1 DQ2 Da3 D@4  TRENDE TRENDE2 BLL BEL
-0.0510 -0.1435 0.0557 0.1387 0.0700 0.0525 -0.2089 =0.0775

BKL . D1 D2 D3 PEK  INTCPT  TRENDV
0.4113 0.0000 0.0000 1.0000 -0.3430 -0.0282 0.0000

******§******************************************************************
36 MOTOR VEHICLES (41)

RSQR = =1,.521 NIT = 15

COEFFICIENT ESTIMATES

pQ1 D@2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.1057 -0.0149 0.0417 0.0789 0.048 0.0041 0.0077 -0.0124

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0256 1.0000 0.0000 0.0000 -0.0256 -1.6931 0.0300
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Tedkdedek kA ded Rk ke ok ke gk ke ke ek ke ke deok ke deke ke ke ok ek de o ok ek ok ek ok
37 AEROSPACE (42)
RSQR = 0.225 NIT = 15
COEFFICIENT ESTIMATES |

pat - ba2 pQ3 D@4  TRENDE TRENDE2 BLL - BEL
0.0221 0.1019 -0.1869 0.0629 0.0434 0.0555 0.0388 -0.0001

 BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0014 1.0000 0.0000 0.0000 0.1763 <-0.1631 0.0143

*************************************************************************
38 SHIPS & BOATS (43)

~ RSGR = 0.811 NIT= 7

COEFFICIENT ESTIMATES

, Q1 D@2 DQ3 DQ4  TRENDE TRENDE2 BLL BEL

CBKL D1 b2 - D3 PEK  INTCPT - TRENDV
- 0.0617 0.4728 0.5272 0.0000 0.0161 -0.0096 0.0000

*************************************************************************
39 OTHER TRANSPORTATION EQUIP. (44)
RSGR = 0.434  NIT = 5
COEFFICIENT ESTIMATES

pa1 p@2 ba3 D@4  TRENDE TRENDEZ2 BLL BEL
0.0830 -0.0498 0.0069 -0.0401 0.0253 0.0000 0.0568 =-0.0836

BKL D1 D2 D3 PEK  INTCPT  TRENDV
- 0.0836 1.0000 0.0000 0.0000 -0.0836 -0.0534 0.0000

Tkt kAR kb ok sk bl kot ek ook
40 INSTRUMENTS (45)
RSGR = ,0.974 NIT= 7
CbEFFICIENT ESTIMATES

.DQ1 Da2 pa3 DQ4  TRENDE TRENDE2 BLL  BEL
=-0.1276 0.0053 -0.0419 0.1642 0.0389 0.0000 0.0153 -=0.0640

BKL D1 D2 D3 PEK  INTCPT  TRENDV -
0.1230 0.0000 ©0.0608 0.9392 -0.1229 =0.0042 0.0000

A-10
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sededededededededdededededededededodededede dede dedededede dededededede e dedededede dodede ot de ok ook ok ok e de e dedede e dedk e ok ek ke de koo
41 MISC. MFG. (46)
RSQR = 0.855 NIT = 6
COEFFICIENT ESTIMATES

pQl pa2 0Q3 D@4  TRENDE TRENDE2 BLL BEL
-0.4044 -0.0309 0.1161 0.3192 0.0485 0.0444 0.0437 -0.0219

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0592 1.0000 O0.0000 0.0000 -0.0592 -0.0061 0.0300

Fededededededed s g dedededededede ke dededede de e dedr e de de ok e Ao detede ok ok ke e ok ek ok o ok sk ok e sk ek ok ok ook ok
42 RAILROADS (47)
RSQR = 0.816 NIT= 5
COEFFICIENT ESTIMATES

pQ1 pa2 Da3 D@4  TRENDE TRENDEZ2 BLL BEL
-0.1162 -0.0109 0.0020 0.1251 0.0302 0.0107 -0.0512 0.0380

BKL - D D2 D3 PEK  INTCPT  TRENDV
0.0695 0.7480 0.0000 0.2520 -0.0203 -0.0151 0.0158

ek A e Ak A A A A A A e A Ak o sk Ak e ok Aok sk ok s o s o ek ok s ok ok e ok e e ek e ok e ok
43 AIR TRANSPORT (50)
RSQR = 0.884 NIT = 4
COEFFICIENT ESTIMATES

pQ1 pQ2 DQ3 DQ4  TRENDE TRENDEZ2 BLL BEL
-0.4030 0.2441 0.2576 -0.0987. 0.018 0.0119 =0.0297 0.0116

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0446 0.6918 0.0000 0.3082 =0.0446 -0.0805 0.0300

Yedeve e s e ek 3k Fe Je de v Fe 3 o I de de e s e e e de do ek g de o e 3k ok e vk v ok e e T ok vk st A v e sk e ok o v sk ok 2 v v ok o e vk ok ke e ek e ek ke ok
44 TRUCKING AND OTHER TRANSPORT (48,49,

RSGR = 0.900 NIT = 3

COEFFICIENT ESTIMATES

pal pa2 pa3 D@4  TRENDE TRENDE2 BLL BEL
-0.0806 -0.0209 -0.0627 0.1642 0.0780 0.0000 0.0460 =0.0132

BKL D1 D2 D3 ‘PEK  INTCPT  TRENDV
0.0132 1.0000 0.0000 0.0000 -0.0132 -0.3768 0.0000
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45 COMMUNICATIONS SERVICES (53)

RSGR = 0.911 NIT = 5

COEFFICIENT ESTIMATES

pa1l paz2 pa3 DQ4  TRENDE TRENDEZ BLL BEL
0.0342 0.0941 -0.1718 0.0434 0.0557 0.0197 0.1000 -0.0230

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0230 0.4002 0.0000 0.5998 -0.0230 0.8147 0.0300

Feddededrdeddekdededd ok deddeddeddedrdededdrdedde deokod e ke de o s ok s b sk sk ko sk ok e sk sk o sk ek ek ok ok ok
46 ELECTRIC UTILITIES (54)
RSQR = 0.867 NIT = 6
COEFFICIENT ESTIMATES

oQ1 DQ2 DQ3 DQ4  TRENDE TRENDE2 BLL BEL
-0.2682 0.1040 0.1290 0.0352 0.0491 0.0184 0.0219 0.0053

BKL . D1 D2 D3 PEK  INTCPT | TRENDV
0.0091 0.0000 0.0000 1.0000 -0.0091 1.0124 0.0300

Sk e ok kot ek ok bk e ok ok
47 GAS,WATER & SANITATION (55,56)
RSQR = 0.217 NIT= 5

COEFFICIENT ESTIMATES

pal D@2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.3262 0.0271 0.1491 0.1500 0.0333 0.0396 0.0043 0.0044

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0000 0.6823 0.0000 0.3177 0.1908 -0.3018 0.0000

dedeve sk A dede ke dr ko do sk kA sk ek d dek dk drdkdek ke k ek ke ko k kk ke hkhkkkhk kA kA dkhkithkkikh ki hhdkiikikii
48 WHOLESALE & RETAIL TRADE (57,58)

RSQR = 0.975 NIT= S

COEFFICIENT ESTIMATES

pQ1 D@2 pa3 DQ4  TRENDE TRENDE2 BLL BEL
-0.2064 -0.0336 0.0940 - 0.1461 0.0226 0.0058 0.0464 0.0324

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0339 1.0000 0.0000 0.0000 0.0184 =-1.3683 0.0044
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*******************************_**********-********************************
49 FINANCE & INSURANCE (60)
RSQR = 0.973 NIT= S
COEFFICIENT ESTIMATES

pa1l ba2 pa3 D@4  TRENDE TRENDEZ2 BLL BEL
0.0142 -0.0286 0.0467 -0.0323 0.0052 0.0000 0.0368 -0.0037

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0039 1.0000 O.0000 O0.0000 -0.0039 -0.0105 0.0000

dekdkdekiieiieiiokk kb sk kbbb kb kb k koo k ok bk kkdkkkk Ak Ak Ak Ak k
50 REAL ESTATE (61)

RSQR = 0.833 NIT= 5

COEFFICIENT ESTIMATES

pa1 pa2 DQ3 DQ4  TRENDE TRENDEZ2 BLL BEL
-0.4118 -0.0391 0.2097 0.2412 0.0228 0.0928 -0.0002 -0.0062

BKL D1 p2 D3 PEK INTCPT  TRENDV
0.0150 1.0000 0.0000 0.0000 0.0250 -0.4388 0.0000

***********************************************;***********************—***
51 HOTELS & REPAIRS MINUS AUTO (63)
RSGR = 0.890 NIT= 5
COEFFICIENT ESTIMATES

pa1 pbQ2 pa3 DQ4  TRENDE TRENDE2 BLL -  BEL
0.1258 0.0235 0.098 -0.2476 0.0159 0.0085 0.1050 -0.0105

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.01706 1.0000 0.0000 0.0000 0.0602 0.0631 0.0000

deddededede e de ke dededede dedededededekde e dededede e et de e de e de s s ek s ek ek e e sk e o sk e ok ook s ok o ke ok
52 BUSINESS SERVICES (64)
RSQR = 0.986 NIT = &
COEFFICIENT ESTIMATES

pQ1l D@2 pa3 D@4  TRENDE TRENDE2 BLL BEL
-0.1618 0.0872 -0.0321 0.1067 0.0108 0.0000 0.0365 -0.0041

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0041 0.7061 0.0000 0.2939 -0.0041 -0.1226 0.0000
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SUMMARY STATISTICS FOR FACTOR DEMAND EQUATIONS

seddedededdedk deded ke dok ok ko e e e g de ok sk ke de s o ok ook sk ok s ok ok o ook ok ok ok o sk o sk e ok ok ok ok sk ok ok ok ok
S3 AUTO REPAIR (65)

RSQR = 0.906 NIT= 3

COEFFICIENT ESTIMATES

pQ1 D@2 pa3 D@4  TRENDE TRENDE2 BLL BEL
-0.2827 0.0141 0.158 0.1106 0.0231 0.0119 0.0131 0.0112

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0071 1.0000 0.0000 0.0000 -0.0071 =-0.0006 0.0300

- dededededede o g dedede o dede Je e Jo e do e e de e do e e e o e e e e de e de e e dode de e de e e 3 e de s de s de o de e v e e de ke v e de ek ek ke e de sk de ke ok

S4 MOVIES & AMUSEMENTS (66)
RSAR = 0.769 NIT= 7
COEFFICIENT ESTIMATES

pQ1 D@2 pa3 D@4  TRENDE TRENDE2 BLL BEL
-0.2021 -0.1692 0.2318 0.1395 0.0000 0.0169 0.0418 -0.0123

BKL D1 D2 D3 PEK  INTCPT  TRENDV
0.0123 0.081 0.0000 0.9139 0.6092 0.5160 0.0300

SRR A A A A A bbbk A bk
55 MEDICAL & ED. SERVICES (67)
RSQR = 0.974 NIT = 6
COEFFICIENT ESTIMATES

pal D@2 pa3 D@4  TRENDE TRENDE2 BLL BEL
-0.4004 0.2214 =-0.0013 0.1802 0.0000 0.0038 0.0145 0.0129

BKL . D1 D2 D3 PEK  INTCPT  TRENDV
0.0249 0.6343 0.0000 0.3657 0.159% 0.5355 0.0300
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Appendix B: Patterns of Depreciation

DEPRECIATION PATTERN FOR SECTOR NUMBER 1 - FARMS AGRICULTURE
DATE DEP D1
IS * IS + IS * * * * *
48 0.09 0.10 0.00 C*
49 0.08 0.09 0.00 * +
50 0.08 0.08 0.00 * +
51 0.07 0.07 0.00 * +
52 0.06 0.07 0.00 * +
53 0.06 0.06 0.00 * +
5& 0.05 0.05 0.00 * +
55 0.05 0.05 0.00 *+
56 0.04 0.04 0.00 *+
57 0.04 0.04 0.00 *+
58 0.03 0.03 0.00 +
59 0.03 0.03 0.00 %t
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +
64 0.02 0.02 0.00 +
65 0.02 0.02 0.00 +
66 0.02 0.02 0.00 +k
67 0.01 0.01 . 0.00 +
68 0.01 0.01 0.00 +
69 0.01 0.01 Q.OO +*
70 0.01 0.01 0.00 +
71 0.01 0.01 0.00 +*
72 0.01 0.01 0.00 +=*
73 0.01 0.01 0.00 +
74 0.01 0.01 0.00+*
75 0.01 0.01 0.004*
76 0.01 0.01 0.00+
77 0.01 0.00 0.00+
IS * IS + IS * * * %* *

NOTE:

0.005 0.026 0.048 0.070 0.091

* represents the depreciation pattern for industry

+ represents the geometrically declining depreciation pattern

Spill rate is assumed to be 0.1 for all industries
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DEPRECIATION PATTERN FOR SECTOR NUMBER 2 - PETROLEUM & NATURAL GAS

DATE DEP D1 '
IS * IS + IS * * * * *
48 0.00 0.10 0.00* +
49 0.00 0.09 0.00x +
50 0.00 0.08 - 0.00* +
51 0.00 0.07 0.00 = +
52 0.00 0.07 0.00 = +
53 0.01 0.06 0.00 = +
54 0.01 0.0S 0.00 * +
55 0.01 0.05 0.00 * +
56 0.01 0.04 0.00 * +
- 57 0.02 0.04 0.00 . * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * o+
60 0.02 0.03 0.00 * +
61 0.02 - 0.03 0.00 *+
62 0.03 0.02 0.00 +*
63 0.03 0.02 0.00 - + *
64 0.03 0.02 0.00 + &
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 - 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
71 0.03 0.01 8.00 + *
72 0.03 0.01 0.00 + *
73 0.03 0.01 0.00 + *
T4 0.03 0.01 0.00 *
75 - 0.03 0.01 0.00 *

76 0.02 0.01 0.00 *
77 0.02 0.00 0.00 *
IS * IS + IS * * * * *
0.000 0.023 0.045 0.068 0.09

+ 4+ ++



DEPRECIATION PATTERN FOR SECTOR NUMBER 5 - FOOD, TOBACCO

DATE DEP D1
IS * IS + IS * * * * *
48 0.07 0.10 0.00 *
49 0.06 0.09 0.00 * +
50 0.06 0.08 0.00 * +
51 0.05 0.07 0.00 * +
52 0.05 0.07 0.00 * +
53 0.04 0.06 0.00 * +
54 0.04 0.05 0.00 * +
55 0.04 0.05 0.00 * +
56 0.03 0.04 0.00 * o+
57 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 * +
59 0.03 0.03 0.00 * +
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +

62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +*
64 0.02 0.02 0.00 +*
65 0.02 0.02 0.00 + *
66 0.02 0.02 0.00 + *
67 0.02 0.01 0.00 + %
68 0.02 0.01 0.00 + =
69 0.02 0.01 0.00 + =
70 0.02 0.01 0.00 + =
71 0.01 0.01 0.00 + =
72 0.01 0.01 0.00 + =*
73 0.01 0.01 0.00 + *
74 0.01 0.01 0.00+ =*
75 0.01 0.01 0.00+ =*
76 0.01  0.01 0.00+ =*
" 0.01 0.00 0.00+ *
IS * IS + IS %* * * * *
0.005 0.026 0.048 0.070 0.091



DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP

IS *
48 0.03 .
49 0.02
50 0.02
51 0.02
52 0.02
53 0.02
54 0.02
55 0.02
56 0.02
57 0.02
58 0.02
59 0.02
60 . 0.02
61 0.02
62 0.02
63 0.03
64 0.03
65 0.03
66 0.02
67 0.02
68 0.02
69 0.02
70 0.02
(4! 0.02
72 0.02
73 0.02
74 0.02
75 0.02
76 0.02
77 0.02

IS *

D1

IS +
0.10
0.09
0.08
0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
D l03
0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0 .01
0.01
0.01
0.01
0.00

IS +

IS

0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00 '
0.00
0.00
0.00
0.00
0.00
0.00
0.00

0.00 +

0.00 +
0.00 +
0.00 +
0.00 +
0.00 +

- 0.00+

IS

0.00+
0.00+
0.00+

%*

0.005

P S

* % *

*
0.026

6

- TEXTILES

*
0.048

*
0.070

*

0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 7 - RNITTING, HOSIERY

DATE DEP D1
IS * IS + IS * * * * *
48 0.05 0.10 0.00 *
49 0.05 0.09 0.00 * +
50 - 0.04 0.08 0.00 , * +
51 0.04 0.07 0.00 * +
52 0.04 0.07 0.00 * +
53 0.03 0.06 0.00 * +
54 0.03 0.05 0.00 * +
- 55 0.03 0.05 0.00 * +
56 0.03 0.04 0.00 * +
57 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 *  +
59  0.03 0.03 0.00 * +
60 0.03 0.03 0.00 *+
61 0.02 0.03 0.00 +
62 0.02 0.02 0.00 Sk
63 0.02 0.02 0.00 +*
64 0.02 0.02 0.00 + *
65 0.02 . 0.02 0.00 + %

66  0.02 = 0.02  0.00

67  0.02  0.01  0.00

68  0.02  0.01  0.00 +

69 0.02  0.01  0.00 + =

70 0.02  0.01  0.00 +

71 0.02  0.01 © 0.00 + *

72 0.02  0.01  0.00 +

73 0.02  0.01  0.00 + *

74 0.02  0.01  0.00+ *

7S 0.02  0.01  0.00+

76  0.01  0.01 0.00+ =

77 0.0 0.00  0.00+ =

IS = 1S + IS %* * %* * *

0.005  0.026  0.048  0.070  0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 8 - APPAREL & HOUSEHOLD TEXTILES
DATE DEP D1
IS * IS + IS * * * * *
48 0.07 0.10 0.00 * +
49 0.06 0.09 0.00 * +
50 0.06 0.08 0.00 * +
51 0.05 0.07 0.00 * +
52 0.05 0.07 0.00 * +
53 0.04 0.06 0.00 ' * +
S4 0.04 0.05 0.00 ' * +
55 0.04 0.05 0.00 * o+
56 0.03 0.04 0.00 * +
57 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 * +
59 0.03 0.03 0.00 * +
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +*
64 0.02 0.02 0.00 +*
65 0.02 0.02 0.00 + *

66 0.02 0.02 0.00 +
67 0.02 0.01 0.00 +
68 0.02 0.01 0.00 + =*
69 0.02 0.01 0.00 + =*
70 0.02 0.01 0.00 + *
71 . 0.01 0.01 0.00 + *
72 0.01 0.01 0.00 + *
73 0.01 0.01 0.00 + *
T4 0.01 0.01 0.00+ =
75 0.01 0.01 0.00+ =
76 0.01 0.01 0.00+ =*
77 0.01 0.00 0.00+ =*

IS * IS + IS * * * * *

0.005 0.026 0.048 0.070 0.091

*
*



DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP

IS *
48 0.05
49 0.05
50 0.04
51 0.04
52 0.04
53 0.04
54 0.03
55 0.03
56 0.03
57 0.03
58 0.03
59 0.03
60. 0.03
61 0.02
62 0.02
63 0.02
64 0.02
65 0.02
66 0.02
67 0.02
68 0.02
69 0.02
70 0.02
7 0.02
72 0.02
73 0.02
74 0.02
75 0.01
76 0.01
7 0.01

IS *

D1

IS +
0.10
0.09
0.08
0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02

0.02

0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
IS +

IS

IS

*
0.00
0.00
o .00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00
0.00

+
+

0.00 +

0.00 +
0.00 +
0.00 +
0.00 +
0.00 +
0.00+
0.00+
0.00+
0.00+ =
*

0.005

*
*
*

*
%
%

*
*
%*

*
0.026

*
0.048

*
0.070

*
0.091



DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP

IS *
48 0.07
49  0.06
S0 0.05
51 0.05
52 0.04
53 0.04
54  0.04
55 0.04
56 0.03
57 0.03

58 0.03
59  0.03
60  0.03
61 - 0.03
62  0.02
63 0.02
64  0.02
65  0.02
66  0.02
67  0.02
68 . 0.02
69  0.02
70 . 0.02
71 0.02
72 0.01
73 0.01
74 0.0
75 0.01
76 0.01
77 0.01

IS *

D1
I

S +
0.10

- 0.09
- 0.08

0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01

0.01
0.01
0.01

~ 0.01

I

0.01
0.00
S +

IS *
0.00
0.00
0.00
0.00
0.00
0.00
0.00 .
0.00
0.00
0.00
0.00
0.00
0.00
- 0.00
0.00
0.00
0.00
0.00 +
0.00 +
0.00 +-
0.00 + =
0.00 + =*
" 0.00 + =*
0.00 + =*
0.00 + *
0.00+
0.00+
0.00+
0.00+
IS *
0.005

* ¥ * *

* .
0.026

*
0.048

*
0.070

*
0.091

B-8



DEPRECIATION PATTERN FOR SECTOR NUMBER 11 - AGRICULTURE FERTILIZERS

DATE DEP D1
IS * IS + IS * * * * *
48 0.06 0.10 0.00 * +
49 0.05 0.09 0.00 %* +
50 0.05 0.08 0.00 * +
51 0.04 0.07 0.00 * +
52 0.04 0.07 0.00 * +
53 0.04 0.06 0.00 * +
54 0.04 0.05 0.00 * +
55 0.03 0.05 0.00 * +
56 0.03 0.04 0.00 * +
57 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 * +
59 0.03 0.03 0.00 * +
60 0.03 0.03 0.00 *+
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 2
64 0.02  0.02 0.00 + *

65 0.02 0.02 0.00 +
66 0.02 0.02 0.00 +
67 0.02 0.01 0.00 + *
68 0.02 0.01 0.00 + =
69 - 0.02 0.01 0.00 + =*
70 0.02 0.01 0.00 + =
71 0.02 0.01 0.00 + =«
72 0.02 0.01 0.00 + =
73 0.01 0.01 0.00 + *
74 0.01 - 0.0 0.00+
75 0.01 0.01 0.00+
76 0.01 0.01 0.00+ =*
7 0.01 - 0.00 0.00+ =*
1S * Is + IS * * * * *
0.005 0.026  0.048 0.070 0.091

*
*



DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP
IS *
48 0.08
49 0.07
50 0.07
51 0.06
52 0.05
53 0.05
54 0.05
55 0.04
56 0.064
57 0.03
s8  0.03
59 0.03
60 0.03
61 0.03
62 0.02
63 0.02
64 0.02
65 0.02
66 0.02
67 0.02
68 0.02
69 0.01
70 0.01
71 0.01
72 0.01
73 0.01
74 0.01
75 0.01
76 0.01
77 0.01
1S *

D1
1s +
0.10
0.09
0.08
0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0 .02

0.01

0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
IS +

IS

Is

0.00
0.00
0.00
0.00 ‘
0.00 . *
0.00 *
0.00 * o+
0.00 L
0.00 * +
0.00 * +
0.00 *+
0.00 Tk
0.00 +
0.00 +
0.00 +
0.00 +
0.00 +*
0.00 +%
0.00 +*
0.00 +*
0.00 +*
0.00 + =
0.00 +=*
0.00 + *
0.00 + *
0.00 +x
0.00+ *
0.00+ =*
0.00+*
0.004x
%* * *

0.005 0.026 0.048

*
0.070

*
0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 13 - PETROLEUM REFINING & FUEL OIL
DATE DEP D1
IS * IS + 1S * * * * *
48 0.00 0.10 0.00* +
49 0.00 0.09 0.00* +
50 0.00 0.08 0.00=* +
51 0.00 0.07 0.00 * +
52 0.00 0.07 0.00 =* +
53 0.01 0.06 0.00 = +
54 0.01 0.05 0.00 * +
55 0.01 0.05 0.00 * +
56 0.01 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 = 0.03 0.00 * +
60 0.02 0.03 0.00 * +
61 0.02 0.03 0.00 *+
62 0.03 0.02 0.00 +%
63 0.03 0.02 0.00 + *
64 0.03 -0.02 0.00 : +
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 . 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 .00 + *
71 0.03 "0.01 0.00 + *

72 0.03 0.01 0.00 + *
73 0.03 0.01 0.00 + *
74 0.03 0.01 0.00 *
75 0.03 0.01 0.00 *
76 0.02 0.01 0.00
(44 0.02 0.00 0.00
IS * IS + IS * * * % *
0.000 0.023 0.045 0.068 0.091

+ 4+ 4+ +
*
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DEPRECIATION PATTERN FOR SECTOR NUMBER 14 - RUBBER & PLASTIC PRODUCTS

DATE DEP D1 .
IS * IS + IS * * * * *
48 0.00 0.10 0.00* +
49 .00 0.09 0.00* +
S0 0.00 0.08 0.00%* +
51 0.00 0.07 0.00 * +
52 0.00 0.07 0.00 = +
53 0.01 0.06 0.00 = +
54 0.01 0.05 0.00 * +
55 0.01 0.05 0.00 * +
56 0.01 0.04 0.00 * +
57 0.02 - 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * 4+
60 0.02 0.03 0.00 * +
61 0.02 0.03 0.00 *+
62 0.03 0.02  0.00 +*
63 0.03 0.02 0.00 + *
64 . 0.03 0.02 0.00 + *
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
71 0.03 0.01 0.00 + *

72 0.03 0.01 0.00 +
73 0.03 0.01 0.00 +
74 0.03 0.01 0.00 +
75 0.03 0.01 0.00 +
76 0.02 0.01 0.00 +
44 0.02 0.00 0.00 +
IS * IS + IS * * * * %*
0.000 0.023 0.045 0.068 0.09
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DEPRECIATION PATTERN FOR SECTOR NUMBER 15 - FOOTWEAR AND LEATHER
DATE DEP D1
IS * IS + IS * * * * *
48 0.03 0.10 0.00 * +
49 0.03 0.09 0.00 . * +
50 0.02 0.08 0.00 * +
51 0.02 0.07 0.00 * +
52 0.02 0.07 0.00 * +
53 0.02 0.06 0.00 * o+
_ 54 0.02 0.05 0.00 * +
55 0.02 0.05 0.00 * +
56 0.02 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 *  +
60 0.02 0.03 0.00 *+
61 0.02 0.03 0.00 +
62 0.02 0.02 0.00 -
63 0.02 0.02 0.00 + %
64 0.02 - 0.02 0.00 + *
65 0.02 0.02 0.00 + %
66 0.02 0.02 0.00 + *
67 0.02 0.01 0.00 + *
68 0.02 0.01 0.00 + *
69 0.02 0.01 0.00 + *
70 0.02 0.01 0.00 + *
71 0.02 0.01 0.00 + *

72 0.02 0.01 0.00 +
73 0.02 0.01 0.00 +
74 0.02 0.01 0.00+
75 0.02 0.01 0.00+
76 - 0.02 0.01 0.00+
77 0.02 0.00 0.00+
IS > IS + IS * * * * *
' 0.005 0.026 0.048 0.070 0.091

* *
* % %
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DEPRECIATION PATTERN FOR SECTOR NUMBER 16 - LUMBER
DATE DEP D1
IS * IS + IS *x * * * *

48 0.01 0.10 0.00 * +
49 0.02 0.09 0.00 * +
S0 0.03 0.08 0.00 * +

51 0.03 0.07 0.00 * +

52 0.03 0.07 0.00 * +

53 0.04 0.06 0.00 * +

S4 0.04 0.05 0.00 * +

55 0.04 0.05 0.00 * o+

56 0.04 0.04 0.00 * +

57 0.04 0.04 0.00 +

58 0.04 0.03 0.00 + *

59 0.04 0.03 0.00 + *

60 0.04 0.03 0.00 + %

61 0.04 0.03 0.00 + *

62 0.03 0.02 0.00 + *

63 0.03 0.02 0.00 + *

64 0.03 0.02 0.00 + *

65 0.03 0.02 0.00 + *
66 0.03 -0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.02 0.01 0.00 + *
69 0.02 '0.01 0.00 + *
70 0.02 0.01 0.00 + *
71 0.02 0.01 0.00 + *
72 0.02 = 0.01 0.00 + *
73 0.02 0.01 0.00 + *
74 0.02 0.01 0.00+ *
75 0.02 0.01 0.00+ *
76 0.01 0.01 0.00+ *
77 0.01 0.00 0.00+ =*
IS * IS + IS * * * * *
‘ 0.005 0.026 0.048 0.070 0.091



B-15

DEPRECIATION PATTERN FOR SECTOR NUMBER 17 - FURNITURE
DATE DEP D1
IS * IS + I8 * * * %* *
48 0.01 0.10 0.00 * +
49 0.01 0.09 0.00 « +
50 0.01 0.08 0.00 « +
51 - 0.01 0.07 0.00 = +
52 0.01 0.07 0.00 * +
53 0.01 0.06 0.00 * +
54 0.01 0.05 0.00 * +
55 0.02 0.05 0.00 * +
56 0.02 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * +
60 0.02 0.03 0.00 * +
61 0.02 0.03 0.00 +
62 0.03 0.02 0.00 +*
63 0.03 0.02 -0.00 + %
64 0.03 0.02 0.00 + *
65 0.03 . 0.02 0.00 + *
66 0.03 = 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + %*
71 0.03 0.01 0.00 + *
72 0.02 0.01 0.00 + .- %
73 0.02 0.01 0.00 + *
74 0.02 0.01 0.00+ *
75 0.02 0.01 0.00+ *
76 0.02 0.01 0.00+ *
77 0.02 0.00 0.00+ *
IS * IS + IS %* * * - %* *

0.005 0.026 0.048 0.070 0.091



B-16

DEPRECIATION PATTERN FOR SECTOR NUMBER 18 - STONE, CLAY & GLASS
DATE DEP D1
IS * IS + IS * * * * %*
48 0.08 = 0.10 0.00 * +
49 0.07 0.09 0.00 * +
50 0.06 0.08 0.00 * +
51 0.06 0.07 0.00 * +
52 0.05 - 0.07 0.00 * +
s3 0.05 0.06 0.00 * +
54 0.04 0.05 0.00 * +
55 0.04 0.05 0.00 * 4+
56 0.04 0.04 0.00 * 4+
S7 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 *+
S9 0.03 0.03 0.00 *+
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +

63 0.02 0.02 0.00 +
64 0.02 0.02 0.00 +%
65 0.02 0.02 0.00 +*
66 0.02 - 0.02° 0.00 + *
67 0.02 0.01 0.00 +%
Y. 0.02 0.01 0.00 + *

. 69 0.01 0.01 0.00 + *

70 @ 0.07 0.01 0.00 + *
7 0.01 0.01 0.00 + *
72 0.01 0.01 0.00 + *
73 0.0 0.01 0.00 + *

74 0.01 0.01  0.00+ =*
75 0.01 0.01 0.00+ *
76 - 0.0 0.01 0.00+ »
77 0.01 0.00 0.00+*
IS % IS + 18 * * * * *
0.005 0.026 0.048 0.070 0.091



B-17

DEPRECIATION PATTERN FOR SECTOR NUMBER 20 - NON-FERROUS METALS
DATE DEP D1
IS * IS + IS * * * * *

48 0.01 0.10 0.00 * +
49 0.01 -0.09 " 0.00 = +
50 0.01 0.08 ‘0.00 = +
51 0.01 0.07 0.00 =* +
52 0.01 0.07 0.00 * +
53 0.01 0.06 0.00 * +
54 0.02 0.05 0.00 * +
55 0.02 0.05 0.00 * +
56 0.02 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 - 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * o+
60 0.02 - 0.03 0.00 * +
61 0.02 0.03 0.00 +
62 0.03 = 0.02 0.00 +%
63 0.03 0.02 0.00 + *
64 0.03 0.02 0.00 + *
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
71 0.02 0.01 0.00 + *
72 0.02 . 0.01 0.00 + *
73 0.02 0.01 0.00 + *
74 0.02 0.01 0.00+ *
75 0.02 0.01 0.00+ *
76  0.02 0.01 0.00+ *
77 0.02 0.00 0.00+ *

- IS * IS + 1S * * * * %

0.005 0.026 0.048 0.070 0.091



B-18

DEPRECIATION PATTERN FOR SECTOR NUMBER 21 - METAL PRODUCTS
DATE DEP D1
IS * IS + IS * * * * *
48 0.01 0.10 0.00 =* +
49 0.02 0.09 0.00 * +
50 0.02 0.08 0.00 * +
51 0.03 0.07 0.00 * +
52 0.03 0.07 0.00 * +
53 0.04 0.06 0.00 * +
54 0.04 0.05 .00 * +
55 0.04 0.05 0.00 * 4+
56 0.04 0.04 0.00 * +
S7 0.04 0.04 0.00 +
58 0.04 0.03 0.00 + *
59 0.04 0.03 0.00 + *
60 0.04 0.03 0.00 + *
61 0.04 0.03 0.00 + %
62 0.03 0.02 0.00 + *
63 0.03 0.02 0.00 + * -
64 0.03 0.02 0.00 + *
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.02 0.01 0.00 + *
70. 0.02 . 0.01 0.00 + *
71 0.02 0.01 0.00 + *
72 0.02 0.01 0.00 + *

73 0.02 0.01 0.00 + *
74 0.02 0.01 0.00+ *
75 0.02 0.01 0.00+ *
76 0.02 0.01 0.00+ *
77 0.01 0.00 0.00+ =
IS * IS + Is * * %* * %*
0.005 0.026 0.048 0.070 0.091



B-19

DEPRECIATION PATTERN FOR SECTOR NUMBER 22 - ENGINES & TURBINS
DATE DEP D1 - .
IS * IS + IS * * * * *
48 0.08 0.10 0.00 * +
49 0.07 0.09 0.00 * +
S0 0.07 0.08 0.00 * +
51 0.06 0.07 0.00 * +
52 0.05 0.07 0.00 * +
53 0.05 0.06 0.00 * +
54 0.05 0.05 0.00 * o+
55 0.04 0.05 0.00 * 4+
56 . 0.04 0.04 0.00 * +
S7 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 *+
59 0.03 0.03 0.00 *+
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +
64 0.02 0.02 0.00 +*
65 0.02 0.02 0.00 +*
66 0.02 0.02 0.00 +*
67 - 0.02 0.01 0.00 +%
68 0.02 0.01 0.00 +=*
69 0.01 0.01 0.00 + *
70 0.01 0.01 0.00 4=
71 0.01 0.01 0.00 + *
72 0.01 0.01 0.00 + *
73 0.01 0.01 0.00 +x
74 0.01 0.01 0.00+ *

75 0.01 0.01 0.00+ *
76 0.01 0.01 0.00+*
w7 0.01 0.00 0.00+*
IS * IS + IS * * * %* *
0.005 0.026 0.048 0.070 -0.091



B-20

DEPRECIATION PATTERN FOR SECTOR NUMBER 23 - AGRICULTURE MACHINERY

DATE DEP D1
IS * IS + IS * * * * *
48 0.00 0.10 0.00* +
49 0.01 0.09 - 0.00 * +
50 0.02 0.08 0.00 * +
51 0.02 0.07 0.00 * +
52 0.03 0.07 0.00 * +
53 0.03 0.06 0.00 * +
54 0.04 0.05 0.00 * +
55 0.04 0.05 0.00 * +
56 0.04 0.04 0.00 * +
57 0.04 0.04 0.00 +
58 0.04 0.03 0.00 + *
59 0.04 0.03 0.00 + *
60 0.04 0.03 0.00 + %
61 0.04 0.03 0.00 + *
62 0.04 0.02 0.00 + *
63 0.03 0.02 0.00 + *
64 0.03 0.02 0.00 + *
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + %*
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.02 0.01 0.00 + *
71 0.02 0.01 0.00 + *

72 0.02 0.01 0.00 + *
73 0.02 0.01 0.00 + *
74 0.02 0.01 0.00
75 0.02 0.01 0.00
76 0.02 0.01 0.00
44 0.02 0.00 0.00
IS * IS + IS * * * %* *
0.000 0.023 0.045 0.068 0.091

+ + + +
*



B-21

DEPRECIATION PATTERN FOR SECTOR NUMBER 31 -~ COMMUNICATIONS MACHINERY
DATE DEP D1
IS * IS + IS * * * * *

48 0.05 0.10 0.00 * +
49 0.05 0.09 0.00 * +
50 0.05 0.08 0.00 * +

51 0.05 0.07 0.00 * +

52 0.05 0.07 0.00 * +

53 0.05 0.06 0.00 * +

54 0.04 0.05 0.00 * +

55 0.06 .- 0.05 0.00 * +

56 0.04 0.04 0.00 *+

57 0.04 0.04 0.00 +

58 0.04 0.03 0.00 +*

59 0.03 0.03 0.00 +*

60 0.03 0.03 0.00 + *

61 0.03 0.03 0.00 + ok

62 0.03 0.02 0.00 + *

63 0.03 0.02 0.00 + *

64 0.03 0.02 0.00 + *

65 0.02 0.02 0.00 + &

66 0.02 0.02 0.00 + *

67 0.02 0.01 0.00 + *

68 0.02 0.01 0.00 + =*

69 0.02 0.01 0.00 + =

70 0.02 - 0.01 0.00 + =

71 0.02 0.01 0.00 + *

72 0.01 0.01 0.00 + =

73 0.01 0.01 0.00 + =*

74 0.01 0.01 0.00+ *

75 0.01 0.01 0.00+ =*
76 0.01 0.01 0.00+ *
7 0.01 0.00 0.00+ *
IS * IS + IS * * * * %
0.005 0.026  0.048 0.070 0.091



~ DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP

IS »
48 0.07
49 0.07
50 0.06
51 0.06
52 0.05
53 0.05
54 0.04
55 0.04
56 0.04
57 0.03
58 0.03
59 0.03
60 0.03
61 0.03
62 0.02
63 0.02
64 0.02
65 0.02
66 0.02
67 0.02
68 0.02
69 0.02
70 0.01
7”1 0.01
({4 0.01
73 0.01
74 0.01
75 0.01
76 - 0.01
(44 0.01

IS *

D1

Is +
0.10
0.09
0.08
0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.03
0.02
0.02

. 0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
Is +

IS

IS

33 -

=== ==1-1-r-rr-r-1=-1-1=)

e
+

00 +
+
.00 +
.00 +
.00 +
00+
.00+ *»
.00+ *
.00+ *
%* * *

0.005 0.026 0.048

0
0
0
0
0
.0
0
0
0
0
0
0

O000000000000D0D0O0000D0DO0D0DO0OD0DLDO0OO0ODO0OODOO
.

*

0.070

HOUSEHOLD APPLIANCES

*
0.091
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B-23

DEPRECIATION PATTERN FOR SECTOR NUMBER 34 - ELECTRICAL LIGHT.& WIRING EQUIPMENT
DATE DEP D1
IS * Is + IS * * * * *
48  0.06 0.10 0.00 * +
49  0.06 0.09  0.00 * +
50 0.05 0.08 0.00 * +
51 0.05 0.07 0.00 * *
52 . 0.04 0.07 0.00 * +
53 0.04 0.06 0.00 * +
54  0.064  0.05  0.00 * +
55 0.03 0.05 0.00 x o+
56 0.03 0.06  0.00 * o+
57 0.03 0.04  0.00 * 4+
58  0.03 0.03 0.00 * +
59 0.03 0.03 0.00 * +
60  0.03 0.03 0.00 *+
61 0.03 0.03 0.00 +

62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +*
64 0.02 0.02 0.00 +*
.65 0.02 0.02 0.00 + *
66 0.02 0.02 0.00 + *
67 0.02 0.01 0.00 + %
68 0.02 0.01 0.00 + =*

69 0.02 0.01 0.00 + =

70 0.02 0.01 0.00 + =*
71 0.02 0.01 0.00 + =*
72 0.02 0.01 0.00 + =*

73 0.01 0.01 0.00 + =*
74 0.01 . 0.01 0.00+ *
75 0.01 0.01 0.00+ =*
76 0.01 0.01 0.00+ =
77 0.01 0.00 0.00+ =
IS * IS + IS * * * * *
0.005 0.026 0.048 0.070 0.091



B-24

DEPRECIATION PATTERN FOR SECTOR NUMBER 35 - RADIQ, TV RECEIVING, PHONOGRAPH

DATE DEP D1
1S * IS + IS * * * * *
48 0.00 0.10 0.00* +
49 0.00 0.09 0.00* +
50 0.00 0.08 0.00* ' +
51 0.00 0.07 0.00 * +
52 . 0.00 0.07 0.00 =* +
53 0.01 0.06 0.00 = +
54 0.01 0.05 0.00 * +
55 0.01 0.05 0.00 * +
56 0.01 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 - 0.02 0.03 0.00 * o+
60 0.02 0.03 0.00 * +
61 0.02 0.03 0.00 *+
62 0.03 0.02 0.00 +*
63 0.03 0.02 0.00 + %
64 0.03 0.02 0.00 + *
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 - 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
7 0.03 0.01 0.00 + *

72 0.03 0.01 0.00 + *
73 0.03 0.01 0.00 + *
74 0.03 0.01 0.00 + *
75 0.03 0.01 0.00 + *
76 0.02 0.01 0.00 + *
77 0.02 - 0.00 0.00 + *

IS * IS + IS * * * * *
0.000 0.023 0.045 0.068 0.091



DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP

IS *

48 0.05
49 0.05
50 0.05
51 0.05
52 0.05
53 0.05
54 0.04
55 0.04
56 0.04
57 0.04
58 0.04
59 '0.04
60 0.03
61 0.03
62 0.03
63 0.03
64 0.03
65 0.02
66 0.02
67 0.02
68 0.02
- 69 0.02
70 0.02
71 0.02
72 0.01
73 0.01
74 0.01
75 0.01
76 0.01
44 0.01
IS *

D1

IS +

0.10
0.09
0.08
0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.00
IS +

IS

IS

OOOODOO0.0000QODD
O0O0000O0C000000DOO

OCO0O0000D000D00DO0OO0ODOO
.

0.00+ *
0.00+ *
*

0.005

%*

0.026

38 - SHIPS & BOATS

* % * % %

* +
*+

*
0.048

*
0.070

*
0.091
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B-26

DEPRECIATION PATTERN FOR SECTOR NUMBER 40 - INSTRUMENTS

DATE DEP D1
IS * IS + IS * * * %* *
48 0.00 0.10 0.00=* . +
49 0.00 0.09 0.00% +
S0 . 0.00 0.08 0.00* ‘ +
51 0.00 0.07 0.00 * +
52 0.01 0.07 0.00 =* +
53 0.01 0.06 0.00 * +
54 0.01 0.05 0.00 * +
55 0.01 0.05 0.00 * +
56 0.02 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * o+
60 0.02 0.03 0.00 * +
61 0.03 0.03 0.00 +
62 0.03 0.02 0.00 +*
63 0.03 0.02 0.00 + *
64 0.03 0.02 0.00 +
65  0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 . 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
71 0.03 " 0.01 0.00 + *
72 0.03 0.01 0.00 + *
73 0.03 0.01 0.00 + *

74 0.03 0.01 0.00

75 0.02 0.01 0.00

76 - 0.02 0.01 0.00

77 0.02 0.00 0.00
IS * IS + IS * * * * . *

0.000 0.023 0.045 0.068 0.091

++ + +
* o+ *



B-27

DEPRECIATION PATTERN FOR SECTOR NUMBER 42 - RAILROADS
DATE DEP D1
IS * IS + IS * * * * *

48 0.07 0.10 0.00 * +
49 0.07 0.09 0.00 * +
S0 0.06 0.08 0.00 * +

51 0.06 0.07 0.00 * +

52 0.05 0.07 0.00 * +

53 0.05 0.06 0.00 * +

54 0.04 0.05 0.00 * +

55 0.04 0.05 0.00 * 4+

56 0.04 0.04 0.00 * +

s? 0.03 0.04 0.00 * +

S8 0.03 0.03 0.00 *+

59 0.03 0.03 0.00 *+

60 0.03 0.03 0.00 +

61 0.03 0.03 0.00 +

62 0.02 0.02 0.00 +

63 0.02 0.02 0.00 +*

64 0.02 0.02 0.00 +k

65 . 0.02 0.02 0.00 +*
- 66 0.02 0.02 0.00 + %

67 0.02 0.01 0.00 +*

68 0.02 0.01 0.00 + *

69  0.02 0.01 0.00 + =*

70 0.01 0.01 0.00 + =*

71 0.01 0.01 0.00 + =

72 0.01 0.01 0.00 + *

73 0.01 0.01 0.00 + *

74 0.01 0.01 0.00+ =

75 0.01 0.01 0.00+ *

76 0.01 0.01 0.00+ *

(44 0.01 0.00 0.00+ *

IS * IS + IS * * * %* *
0.005 0.026 0.048 0.070 0.091



B-28

DEPRECIATION PATTERN FOR SECTOR NUMBER 43 - AIR TRANSPORT
DATE DEP D1
IS * IS + IS * * * * *
48 0.07 0.10 0.00 * +
49 0.06 0.09 0.00 * +
50 0.06 0.08 0.00 * +
51 0.05 0.07 0.00 * +
52 0.05 0.07 0.00 * +
53 0.04 0.06 0.00 * +
54 0.04 0.05 0.00 * +
55 0.04 0.05 0.00 * +
56 0.03 0.04 0.00 * +
57 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 * +
59 0.03 0.03 0.00 * +
60 0.03 0.03 0.00 +
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +%
64 0.02 0.02 0.00 +*
65 0.02 0.02 0.00 + *
66 0.02 0.02 0.00 + *
67 0.02 0.01 0.00 + *
68 0.02 0.01 0.00 + *
69 0.02 0.01 0.00 + =
70 - 0.02 0.01 0.00 + =*
71 0.01 0.01 0.00 + =
72 0.01 0.01 0.00 + +* .
73 0.01 0.01 0.00 + *
T4 0.01 0.01 0.00+
75 0.01 0.01 0.00+ =

76 0.01 0.01 0.00+ *
7 0.01 0.00 0.00+ *
IS * IS + IS * * * * - *
0.005 0.026 0.048 0.070 0.091



B-29

DEPRECIATION PATTERN FOR SECTOR NUMBER 45 - COMMUNICATIONS SERVICES
DATE DEP D1
IS * IS + IS * * * * *
48 0.04 0.10 0.00 * +
49 - 0.04 0.09 0.00 * +
50 0.03  0.08 0.00 * +
51 0.03 0.07 0.00 * +
52 0.03 0.07 0.00 * +
53 0.03 0.06 0.00 * +
54 0.03 0.05 0.00 * +
55 0.03 0.05 0.00 * +
56 0.03 0.04 0.00 * +
57 0.03 0.04 0.00 * +
58 0.03 0.03 0.00 * 4+
59 0.03 0.03 0.00 * 4+
60 0.03 0.03 0.00 *+
61 0.02 0.03 0.00 +
62 0.02 0.02 0.00 +*
63 0.02 0.02 0.00 + *
64 0.02 0.02 0.00 + %
65 0.02 0.02 0.00 + *
66 0.02 0.02 0.00 +  *
67 0.02 0.01 0.00 +  *
68 - 0.02 0.01 0.00 + =
69 0.02 0.01 0.00 + *
70 0.02 0.01 0.00 + *
71 0.02 0.01 0.00 + *
72 0.02 0.01 0.00 + *
73 0.02 0.01 0.00 + *
T4 0.02 0.01 0.00+ *
75 0.02 0.01 0.00+ *
76 0.02 0.01 0.00+ *

77 0.02 0.00 0.00+ *
IS * IS + IS %* * * * *
0.005 0.026 0.048 0.070 0.091



" B=30

DEPRECIATION PATTERN FOR SECTOR NUMBER 46 -~ ELECTRIC UTILITIES
DATE DEP D1
IS * IS + IS * * * %* *
48 0.00 ° 0.10. 0.00%* . +
49 0.00 0.09 0.00* ) +
S0 0.00 0.08 0.00* +
51 0.00 0.07 0.00 * +
52 0.00 0.07 0.00 +
53 0.01 0.06 0.00 * +
5S4 0.01 0.05 0.00 * +
55 0.01 0.05 0.00 * ‘ +
56 0.01 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * 4+
60 0.02 0.03 0.00 * +
61 0.02 0.03 0.00 *+
62 0.03 0.02 0.00 +%
63 0.03 0.02 0.00 + *
64 0.03 0.02 0.00 + %
65 0.03 0.02 0.00 + *
66 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 . 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
71 0.03 0.01 0.00 + *

72 0.03 0.01 0.00 "+

73 0.03 0.01 0.00 +

4 0.03 0.01 0.00

75 0.03 0.01  0.00

76 0.02 0.01 0.00 *

7 0.02 0.00 0.00 *

IS * IS + IS * * * * *

0.000 0.023 0.045 0.068 0.091

* * % *

+ + + +



B-31

DEPRECIATION PATTERN FOR SECTOR NUMBER 47 -~ GAS, WATER & SANITATION
DATE DEP D1
IS * IS + IS R * * * *
48 0.07 0.10 .00 * +
49 0.06 0.09 .00 * +
.50 0.06 0.08 .00 * +
51 0.05 0.07 .00 * +
52 0.05 0.07 .00 * +
53 0.04 0.06 .00 * +
54 0.04 0.05 .00 * +
55 0.04 0.05 .00 * +
56 0.03 0.04 .00 * +
S7 0.03 0.04 .00 * +
58 0.03 0.03 .00 * +
59 0.03 0.03 . * +

60 0.03 0.03
61 0.03 0.03
62 0.02  0.02
63 0.02 0.02
64 0.02 0.02
65 0.02 0.02
66 0.02 0.02
67 0.02 0.01
68 0.02 0.01
69 0.02 0.01
70 0.02 0.01

e o s 0 o o a o
Q000000000000 OO0O0O

OO0O000O00D0DO0O00000000000O0DO0O0OO00ODO
[ ]
O00000000000000O0O0O
+
»

71 0.01 0.01 00 + *
72 - 0.0 0.01 .00 + =*
73 0.01 0.01 .00 + *
74 0.01  0.01 00+ =
75 0.01 0.01 00+ *
6 - 0.01 0.01 0.00+ =

77 0.01 0.00 0.00+ * .
IS * IS + IS * * * * *
0.005 0.026 0.048 0.070 0.091



"DEPRECIATION PATTERN FOR SECTOR NUMBER

DATE DEP
IS %
48 0.07
49 0.06
50 0.06
51 0.05
52 0.05
53 0.04
54 0.04
55 0.04
56 0.03
57 0.03
58 0.03
59 0.03
60 0.03
61 0.03
62 0.02
63 0.02
64 0.02
65 0.02
66 0.02
67 0.02
68 0.02
69 0.02
70 0.02
71 0.01
72 0.01
73 0.01
74 0.01
75 0.01
76 0.01
77 0.01
C IS %

D1
Is +
0.10
0.09
0.08
0.07
0.07
0.06
0.05
0.05
0.04
0.04
0.03
0.03
0.03
0.03
0.02
0.02
0.02
0.02
0.02
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01
0.01

- 0.00

IS +

I8

IS

0000000000000 O0DO00DO0O0DO0OO00O0O0OOO
+

O000000000000O0DO0O0OO0OO0OO0O0OO0OODODDOOOODOO
.
0000000000000 000000O0O00D0O0DOO

0.005 0.026
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- HOTELS & REPAIRS MINUS AUTO

*
0.048

*
0.070

*
0.091
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DEPRECIATION PATTERN FOR SECTOR NUMBER 54 - MOVIES & AMUSEMENTS
DATE DEP D1
IS * IS + IS * * %* * *
48 0.01 0.10 0.00 = +
49 0.01 0.09 0.00 * +
S0 0.01 0.08 0.00 * +
51 0.01 0.07 0.00 * +
52 0.01 0.07 0.00 = +
53 0.01 0.06 0.00 * +
54 0.01 0.05 0.00 * +
55 0.02 0.05 0.00 * +
56 0.02 0.04 0.00 * +
57 0.02 0.04 0.00 * +
58 0.02 0.03 0.00 * +
59 0.02 0.03 0.00 * o+
60 0.02 0.03 0.00 * +
61 0.02 0.03 0.00 +
62 0.03 0.02 0.00 +*
63. 0.03 0.02° 0.00 + %
64 0.03 0.02 0.00 + x
65 0.03 0.02 0.00 + *
66 . 0.03 0.02 0.00 + *
67 0.03 0.01 0.00 + *
68 0.03 0.01 0.00 + *
69 0.03 0.01 0.00 + *
70 0.03 0.01 0.00 + *
71 - 0.03 0.01 0.00 + *
72 . 0.03 0.01 0.00 + *
73 0.02 0.01 0.00 + %*
74 0.02 0.01 0.00+ *
75 0.02 0.01 0.00+ *
76 0.02 0.01 0.00+ *
77 0.02 0.00 0.00+ *

IS * IS + IS * * * * *
0.005 0.026 0.048 0.070 0.091



B-34

DEPRECIATION PATTERN FOR SECTOR NUMBER 55 - MEDICAL & EDUCATIONAL SERVICES
DATE DEP D1
IS * IS + IS * * * * *
48 0.06 0.10 0.00 * +
49 0.06 0.09 0.00 * +
50 0.05 0.08 0.00 * +
51 0.05 0.07 0.00 * +
52 0.04 0.07 0.00 * +
53 0.04 0.06 0.00 * +
54 0.04 0.05 0.00 * +
55 0.03 0.05 0.00 * +
56 0.03 0.04 0.00 * +
57 0.03 0.04 0.00 * o+
58 0.03 0.03 '0.00 * +
59 0.03 0.03 0.00 * +
60 0.03 0.03 0.00 *+
61 0.03 0.03 0.00 +
62 0.02 0.02 0.00 +
63 0.02 0.02 0.00 +k
64 0.02 0.02 0.00 +*
65 0.02 0.02 0.00 + *
66 0.02 0.02 0.00 +
67 0.02 0.01 0.00 + %
68 0.02 0.01 0.00 + =

69 0.02 0.01 0.00 + =
70 0.02 0.01 0.00 + =
" 0.02 0.01 0.00 + x
72 0.01 0.01 0.00 + *
73 0.01 0.01 0.00 + =
74 0.01 0.01 0.00+ *
75 0.01 0.01 0.00+ =

76 0.01 0.01 0.00+ =*

(44 0.01 0.00 0.00+ =*

IS * IS + IS * * * * %*
0.005 0.026 0.048 0.070 0.091



- 113 -

Chapter 6

Forecast 1977-1983

1. Introduction

The estimated equations presented in the previous chapter were used
to forecast investment and employment from 1977, the last year of the
estimation period, through 1983. Actual data on employment by industry
exists through 1981. Consequently, we have an opportunity to compare
forecasted employment to actual employment for each industry. Equipment
investment data at the industry level used in this study do not exist
beyond 1977. Industry investment through 1980 has been constructed by
INFORUM based upon published aggregate data. We have, therefore, a
rough benchmark with which to judge the investment forecasts.

In section 2, there is a brief description of how "actual"”
investment data were constructed. In addition, we outline the manner in

which the independent variables in the equations are generated in LIFT.

In section 3, we present the forecasts and compare them with actual
employment and constructed investment data through 1981. The implied
productivity growth appears to be excessive for many industries while

the investment equations predict investment which is higher than the

construgggd numbers. We offer some explanations of these forecasts.

Section 4 contains a summary of our results and comments about the need

for future work.
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2. Preliminary Data Work

The forecasts presented in the next section are compared with
investment numbers which were derived from the BEA ui t
§g;¥g"uhich is published periodically in the Survey of Current Business
(SCB). The BEA survey gives actual plant and equipment investment by
various aggregate industries in current dollars. 1In addition, the
survey distinguishes between plant and equipment purchases fdf a number
of these aggregates. A series of regression equations were estimated
which related the 53 investment series used in this study to the BEA
survey numbers. The independent variables were either an equipment
number for one of the aggregate industries or a plant and equipment
number from one of the appropriate disaggregated industries.1 Then, by
using the equation with the highest R2, investment was forecasted for

the 53 industries through 1981. Consequently, although the investment

numbers for 1978-81 are only estimates, they are derived from aggregates

which do exist through 1981.

In order for investment and employment to be forecast, values for
the independent variables must be available. Specifically, average
hourly compensation, industry energy'prices and the user cost of capital
are the prices which enter the employment and investment equations.
Average hourly c0mpensatiqn data exist through 1979 and are forecasted
thereafter by a combination of relative wage equations and two aggregate
2

wage equations, one for manufacturing and one for nonmanufacturing.

Energy prices are generated by weighting the relevant forecasted output

deflators with the appropriate I-0 coefficients, as described in Chapter

—re——

4. The I-0 coefficients may vary from year to year in the forecast;

these variations may alter the energy price variable. A description of
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the way in which the forecasting of I-0 coefficients is made may be
found in (1)

Recalling the discussion of Chapter 4, the user cost consists
—g—

° ° ‘/,“t I3
of six pieces: the equipment deflator,(real rate of interest,/rate of

physical depreciation, corporate tax rate, and the investment tax

cLedi‘.. The equipment deflator is computed as a weighted average of
output deflators, and is described in (1). The construction of the
present value of depreciation depends upon the average tax Life for
equipment and the nominal interest rate. The present value formula s
the same as the one used in the estimation, the sum of years digits
method, and is presented in (1). The average tax life of equipment was
assumed to be the 1977 value up to 1981. Thereafter, the tax Life was
assumed to be 5 years, consistent with the recent change in the tax
laws. The nominal interest rate is generated by a regression equation
estimated by INFORUM., The real rate of interest is exogeneous to the
LIFT model, so is set to be the constant value which was used in the
estimation, .0257. The physical rate of depreciation for the forecast
was assumed to be that value which prevailed in 1977. 1Its computatibn
is described in Chapter 4. The corporate tax rate is 48 percent through
1978, 46 percent in 1979 and 1980, and 44 percent thereafter. The
investment tax credit is set at 10 percent throughout the forecast.
Finally, output for each industry is simply the sum of final demand and
demand as an intermediate good in other products. Final demand consists
of consumption, equipment sales, sales to construction, sales to defense

expenditures, and exports.3 Conseguetly, investment by industry is not

only determined by output, but also helps determine output.
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3. Forecast Results

To assess the forecasting performance of the investment and
employment equations within the context of the LIFT model, Tabtes 1 and
2 will prove useful. These two tables display, respectively, pairs of
investment and employment forecasts through 1981. The columns labeled
BASE give the forecasts of investment and employment resulting from the
equations estimated for this study. The columns labeled ALT1 provide
results from a recent LIFT forecast in which constructed investment and
~ actual employment were used as forecasts through 1981. The two tables
provide forecasts for each of the 53 industries, the total for the
entire economy, and subtotals for various aggregate sectors of the
economy. Companion Tables B1 and B2 in Appendix B provide growth rates
for the investment and employment forecasts, respectively. In addition,
the implied levels and growth rates of industry productivity are
displayed in Tables B3 and B4.

Finally, the tables in Appendix C provide results of the BASE
forecast through 1983 along with tables for the independent variables
which enter the investment and employment equations: wage index, energy
price, price of capital, and product shipments.4

Table 1 provides evidence on the forecasting performance of the
investment equations. At the aggregate level -- the ALL INDUSTRIES row
-- we see that the investment resulting from our industry equations over
predicts equipment purchase in every year through 1981. For example, in
1978 the eguations predict 164.87 billion dollars in investment, while
there was actually only 155.71 billion dollars of purchases in that
year. The absolute percentage error (APE) for 1978, at the aggregate

level, is approximately 5.8 percent. The APE at the aggregate level for
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TOTAL PRIVATE SECTOR JOBS

AGRIC, MINING, CONSTRUCTION
AGRICULTURE(1)
CRUDE OIL % GAS (5-6)
MINING (2-4,7)
CONSTRUCTION (B)

NON-DURABLE GOODS
FOOD., TOBACCO (9}
TEXTILES (10)
KNITTING (11)
APPAREL % HHLD TEXTILES (12)
PAPER (13)
PRINTING (14)
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PETROLEUM REFINING (17)
RUBBER % PLASTIC PROD (19-20)
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NON-FERROUS METALS (26-27)
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METALWORKING MACHINERY (32)
SPECIAL IND MACH (33)
MISC NONELEC MACH (31, 34)
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SERVICE INDUSTRY MACH (37}
COMMUNIC EG, ELECTRON COMP (38)
ELEC APP % DISTRIB EG (329)
HOUSEHOLD APPL IAMNCES (40)
ELEC LIGHT % WIRING EGQ (41)
TV SETS, RADIOS, PHONQGRAPH (42)
MOTOR VEHICLES (43)
AERUSPACE (44)
SHIPS % BOATS (45)
OTHER TRANSP EG (44&)
INSTRUMENTS (47)
MISC MANUFACTURING (48)

TRANSPORTAT ION
RAILRDADS (4%)
AIR TRANSPORT (352}
TRUCKING, OTH TRANS(5C--951, 53-54)

TABLE 2

HOURLY ADJU*T<0 EMPLOYMENT
ALT1)
1979

BASE) ( BASE) ( ALT1L) (
1977 1778 1978 179
78. 83 B81. 51 82. 90 84. 18
8. 80 10. 26 ?. 61 10. 29
3.3 3. 59 3. 37 3. 48
0.3% 0. 43 0. 44 0. 44
Q. 44 0. 48 0. 42 0. 54
4.73 5. .74 S.38 5. 81
8. 09 8. 18 8. 37 8. 28
1.79 1.76 1.83 1.75
Q. &7 0.71 0.67 0.70
0 23 0.23 0. 24 0. 23
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0. 69 0. &9 0. 71 0.70
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11. 64 11.75 12. 50 12. 29
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1. 59 1. 65 1.70 1.70
0.12 0.10 0. 14 0.12
0.19%5 0. 16 0.17 0. 16
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UTILIVIES
44 COMMUNICATIONS SERVICES (53)
46 ELECTRIC UTILITIES (34)
47 GAS. WATER % SANITATION (57, 58)

43 WHOLESALE & RETAIL TRADE (59, 60)

FINANCE.: INSURANCE. REAL EST
47 FIMANCE % INSURANCE (&2)
30 REAL ESTATE (&3)

SERVICES
%1 HOTELS: REPAIRS EXC. AUTO (&5)
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TABLE 2 (continued)
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BASE) ( ALT1) (
1978 1978
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1979, 1980 and 1981 are, respectiyely, 11.0, 19.3 and 9.1 percent.

It appears that most of the over-prediction may be traced to a few
industries. For example, in 1978 only 16 of the 53 industry equations
predicted less investment than actually occurred. Of the nine billion
dollars in excess investment predicted for 1978, 33 percent of the

excess may be traced to TRUCKING AND OTHER TRANSPORTATION (44), where

predicted investment in 1978 is three bjllion dollars above actual.
Other Large sectors which have significant misses on the high side in

1978 are AGRICULTURE (1), GRUDE OIL AND GAS (2), COMMUNICATION EQUIPMENT

(31), COMMUNICATION SERVICES (45), WHOLESALE AND RETAIL TRADE (48), and

TEXTILES- (6). Combining these sectors with TRUCKING (44) accounts for
83 percent of the over-prediction in 1978. Among the lLarge industries
which severly under-predi;t investment in 1978 are PAPER (9),
AGRICULTURE FERTILIZERS (11), IRON & STEEL (19) and AEROSPACE (37), with
a combined error of -.1.18 billion, or an APE of 14.8.

The highest miss at the aggregate lLevel occurs in 1980, in which
the equations over predict by 30.56 billion dollars in investment. Over
25 percent of this error may be accounted for by TRUCKING AND TRANSPORT
(44). In that sector, the equation forecasts 9.96 billion dollars in
investment compared to actual 'investment of 1.92 billion. Among the
other industries in which a significant excess of investment is
predicted in 1980 are: AGRICULTURE (1), MINING (3), CONSTRUCTION (4),
OTHER CHEMICALS (12), COMMUNICATION EQUIPMENT (31), ELECTRIC UTILITIES
(46) , WHOLESALE AND RETAIL TRADE (48, and FINANCE AND INSURANCE (49),
which together with TRUCKING (44) account for 25.21 billion dollars in
éxcess investment. Among the Larger industries in which investment is

significantly under-predicted in 1980 are: PAPER (9), PRINTING (10),
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STONE, CLAY AND GLASS (18), AEROSPACE (37), and PETROLEUM REFINING (13).

As we saw in the previous chapter, investment by industry is
determined by relative price movements and changes in demand. So the
question is: What properties of the investment equation appear to be
responsible for the poor performance of the model in a number of
industries? A clue may be found in'TabLe 5 of Chapter 5. As we have
already mentioned, the industry which does poorest in the forecast is
TRUCKING AND OTHER TRANSPORTATION (44). As Table 5 in Chapter 5 shows,
however, this equation is very insensitive to relative price movements.
This insensitivity suggests that the assumption of constant returns to
scale (CRS) in the trucking industry was, perhaps, inappropriate. The
second poorest equation is CONSTRUCTION (4), which shows greater
sensitivity to relative prices: EKE .216, for example. Consequently,
much predicted investment appears to be generated by relatively more
expensive energy prices (see the tables in Appendix C); however,
constant returns to scale may be inappropriate in this industry as well.
An additional example of where CRS may be responsible for the poor
forecasts is ELECTRIC UTILITIES (46), which over predicts in 1980 by
nearly 40 percent, yet all estimated price elasticities are essentially
zero., Finally, WHOLESALE AND RETAIL TRADE (48) provides a final example
of where CRS may have been inappropriate. Although price elasticites
are not zero, the one which is of most interest, EKE' is extremely
small, .05. The two billion dollar over-prediction in this industry
again suggests that CRS may be wrong for this industry.

The effect of relative prices on investment do not appear,
consequently, to be a decisive factor in the poor forecasts through

1981. Looking at the tables in Appendix C, we see that, in most
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industries, labor is slightly more expensive relative to capital in 1980
as compared to 1977. Since all elasticities of substitution between
capital and labor are required to be non-negative, the lLabor=-capital
relative price movements would Lead to greater investment, for any given
amount of dindustry demand. Energy prices are higher relative to the
equipment price through 1980 as well. Since higher energy prices should
lead to lower investment in most industries, it appears that the
relative price affects might, to a certain extent, cancel out.
Therefore, the driving force behind the investment forecasts is industry
demand; and, it appears that non-constant returns to scale should be
permitted for a number of dindustries.

In 1981, the performance of the investment equations at the
aggregate level have improved relative to 1980. 1In fact, 60 percent of
the over-prediction in 1981 may be attributed to one sector, TRUCKING
AND OTHER TARANSPORTATION (44). The slowdown in investment is most
likely occurring because energy prices are fising from 1978 through
1981.

Table 2 provides the employment forecasts as well as actual
employment through 1981. An aggregate measure of performance may be
observed in Table 3 which provides the predicted unemployment rate
through 1983 using the estimated industry employment equations, and the
actual undemployment rate from 1978 through 1981. The "actual”
unemployment rate for 1982 is a guess based upon the experience of the

first quarter of 1982. Most Likely, the guess is on the Low side.
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Unemployment rate

BASE ALT1 (Actual)
1978 7.43 6.06
1979 7.78 5.85
1980 10.01 7.26
1981 11.55 8.09
1982 10.76 9.00
1983 8.86 *
Table 3

As may be seen, the industry equations predict excessive unemployment
from 1978 through 1982.

As table 2 shows, in the first year of the forecast, employment is
under-predicted by over 1.39 million workers. By 1981, the under-
prediction is approximately 3.3 million workers. The APE at the
aggregate level from 1978 through 1981 are 1.7, 2.3, 3.2 and 3.8,
respectively. |

Over 40 percent of the underprediction in 1978 is due to WHOLESALE
& RETAIL TRADE (48), which predicts .58 million Less employment than
actual. Almost all of the remainder of the under- prediction is
distributed among the durable goods industries, which account for an
additional under-prediction of .75 million in 1978. The most
conspicuous of these equations is MOTOR VEHICLES (36), which
under-predicts by .13 million, with an APE of 12.7. In total, 35

industry equations under-predict employment in 1978.
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In 1981, WHOLESALE & RETAIL TRADE accounts for .86 million of the
under- prediction. In addition, BUSINESS SERVICES (52) accounts for .75
million too few workers. Consequently, these two equations, combined,
account for nearly 50 percent of the error in 1981. Three additional
equations which significantly under-predict employment in 1981 are
COMMUNICATIONS EQUIPMENT (31), MOTOR VEHICLES (36) and PRINTING (10),
which have a combined error of .96 millionn. In total, 29 industries
predict Less employment and higher productivity in 1981 than actually
occurred.

The implications of the employment forecasts for productivity
growth at the aggregate level may be seen in Table 4; while the implied
productivity growth rates at the industry level are shown in Table B4 in

Appendix B.

Aggregate Productivity Growth

BASE ALT1
1977-78 1.49 -0.43
1978-79 1.33 0.31
1979-80 1.11 -0.45
1980-81 2.03 2.50
1981-82 111 *
1982-83 2.24 *
1977-81 1.49 0.48

Table 4

Table 4 shows that predicted productivity growth at the aggregate

Level is higher than actual in each year of the forecast except 1980-81.
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Over the 1977-81 period, the equations over-predicted productivity by an
average of one percent per year (1.49 to 0.48) at the aggregate level.

Looking at the Last column of Table B4, we see that there were 19
industries which experienced declining productivity from 1977 through
1981. Of those 19 industries, the equations correctly predicted that
eight would have declining productivity over that period. The equation

which did the worst over this period was OTHER TRANSPORTATION EQUIPMENT

(39) which predicted an annual productivity growth of 21.95 percent over
the 1977-81 period, while productivity actually declined during that
period at a rate of -2.59 percent per year. An additional equation
which performed poorly was PRINTING (10), with a predicted growth in
productivity of 10.29 percent per year, while actual productivity was
declining -0.69 percent per year. Among the industries which do well
over the forecast period are ENGINES & TURBINES (22), APPAREL AND
HOUSEHOLD TEXTILES (8), PAPER (9), and OTHER CHEMICALS (12). Among the
big employers, FINANCE AND INSURANCE (49) performs best, with a
predicted annual productivity growth over the period of 0.71 compared to
an actual annual productivity growth of 0.47. The biggest employer,
WHOLESALE AND RETAIL TRADE (48), experienced a decline in productivity
of 0.19 percent per year, while the equation predicted a positive growth
of .90 percent per year. In total, only 14 industry equations predict
lower productivity growth over the 1977-81 period than actually
occurred. Finally, it appears clear that the Qorst year of the forecast
from the point of view of productivity growth is the first year, 1978.
In that year, the equations predicted the correct sign on the
productivity growth rate in only 22 dindustries. The corresponding

numbers for 1979,1980, and 1981 are 35,32 and 44 respectively.
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Why have some employment equations performed well while others have
done poorly over the 1977-81 period? A look at two lLarge sectors with
equations which performed below expectations may provide some insight
into the question. The largest industry employer is WHOLESALE & RETAIL
TRADE (48), which accounts for over 25 percent of all individuals
employed in the United States. According to Table 5 in Chapter 5,
employment in this industry is not insensitive to relative prices. 1In
addition, we see from the price tables in Appendix C that the price of
capital relative to wages stays approximately constant over the 1977-81
period, and that the price of energy relative to wages fluctuates--
noticably over the forecast. In 1978, the price of energy relative to
wages actually drops; then, it grows precipitously during the 1979-81
period relative to the wage rate. Consequently, the relative price
which plays an important role in the employment foreasts for WHOLESALE &
RETAIL TRADE is the energy-wage relative price. Accordingly, the Lower
energy price in 1978 helps generate a productivity forecast for that
year of three percent growth, while actual productivity declined -.15
percent. By 1980, once the higher eneréy'price has entered the
equation, predicted and actual productivity growth are much closer:
-1.92 for the predicted compafed to -2.31 for actual. These results
suggest that the estimated relationship between energy prices and
employment in this industry is partly responsible for its poor
performance in 1978, but also partly responsible for its improved
performance in 1980. These results also suggest that the addition of
the 1978 data into the estimation might significantly change the energy
price variable in the employment equation for this industry.

A second large industry which performs poorly is BUSINESS SERVICES
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(52), which, as we have said, under-predicts employment throughout the
forecast. However, for this industry all relative price elasticities
for Labor are essentially zero ( see Table 5 in Chapter 5); so that
employment is determined almost exclusively by a time trend. The
estimated trend growth in productivity for BUSINESS SERVICES is 1.08
percent over the history, as the table in Appendix A of Chapter 5 shows.
In éddition, there was no estimated slowdown in the trend after 1970.
Consequently, all we can say is that since 1978, the trend in
productivity growth slowed, and that the factors which caused this
slowdown were not captured in the employment equation. Again, BUSINESS
SERVICES performed worse in 1978 in which it predicted 3.83 percent
growth in productivity while there was an actual decline of =3.75
percent.

As these two examples show, there is not one explanation for the

poor forecasting performance of the industry equations. For WHOLESALE &

RETAIL TRADE, the performénce a e related to the manner in
which energy prices enter the equation. Perhaps a different lag

structure on the energy price variable would provide better results.
For BUSINESS SERVICES, it is simply the case that the only explainer in
the model, time, does not have the same relationship to employment in
1978 as it did prior to 1978. It is clear that an additional year of
data would change the results of each equation.

Two equatiéns which did remarkedly well in 1978 were AEROSPACE (37)
and REAL ESTATE (50). The predicted productivity growth in 1978 for
AEROSPACE is -1.32 while actual growth is =-1.33. The corresponding
growth rates for REAL ESTATE are -4.79 and -4.48. In each case,

however, the equation implies that productivity growth since 1970 has
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been negative. We must admit that these negative trends are mostly
responsible for the accurate predictions in 1978. Unfortunately, we can

shed Little light on the causes for the negative trends.

4, Summary and Assessment
The performance of the investment and employment equations over the
19/7-81 period are short of expectations. The investment equations tend

to generate too much investment while the employment equations generate,

“———

on the whole, too Little employment and too much productivity. The

recommended modifications to the investment equations are managéble and
straight forward. First, a relaxation of the constant returns to scale
assumption might correct some of the over-prediction. Our belief that
this modification will improve the forecasts is based upon the finding
that many sector equations which over-predict investment are highly
insensitive to relative prices; so, price parameters may not be blamed
for the equations' poor performance. Second, TRUCKING (44) alone is
responsible for a sizable portion of the forecast error; so special
atention to this equation is called for.

Modifications to the employment equations are more problematical.
For some equations, the solution might be simply to add a year of data.
For others equations, the effort must continue to explain employment in
some way other than a time trend. Perhaps with the introduction of an
energy demand equation, more robust lLabor-energy price elasticities may
be estimated which might, in turn, help generate accurate forecasts
without resorting to the second time trend. Finally, there appears to
be sufficient need to explore for additional explanatory variables which

might be used to amend -the existing model. It appears, for example,
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~_that the variables used in this study probably would not be sufficient

to explain the drop in productivity in 1978, a year in which there was
substantial real growth in the economy and declining energy prices.
Although there does not appear to be any reason to reject the framework
which this study has established, it is evident that the present model
relies too heavily upon relative price movements and trend variableé to

explain and forecast employment and productivity.
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Appendix A

Table A1: Industries in the BEA Survey on PlLant and Equipment
TOTAL NONFARM BUSINESS
MANUFACTURING

DURABLE GOODS
PRIMARY METALS
BLAST FURNACES, STEEL WORKS
NONFERROUS METALS
FABRICATED METALS
ELECTRICAL MACHINERY
TRANSPORTATION EQUIPMENT
MOTOR VEHICLES
AIRCRAFT
STONE,CLAY,AND GLASS
OTHER DURABLES
NONDURABLE GOODS
FOOD INCLUDING BEVERAGE
TEXTILES
PAPER
CHEMICALS
PETROLEUM
RUBBER
OTHER NONDURABLES

* NONMANUFACTURING

MINING
TRANSPORTATION
RAILROAD
AIR
OTHER
PUBLIC, UTILITIES
ELECTRIC
GAS AND OTHER
TRADE AND SERVICES
WHOLESALE AND RETAIL TRADE
FINANCE, INSURANCE,AND REAL ESTATE
PERSONAL ,BUSINESS,AND PROF.SERVICES
COMMUNICATION AND OTHER
COMMUNICATION
OTHER
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Table A2: Industries for which the Survey distinguishes between plant
and equipment

TOTAL NONFARM BUSINESS

MANUFACTURING
DURABLE GOODS
NONDURABLE GOODS

NONMANUFACTURING
MINING
TRANSPORTATION
PUBLIC UTILITIES
TRADE AND SERVICES
COMMUNICATION
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FOOTNOTES

Tables A1 in Appendix A shows the titles of the industries for which
Plant & Equipment numbers exist through 1981. Table A2 gives the
titles ot the industries in which the plant and equipment components
of investment are distinguished.

The relative wage equations are the subject of Matt Hyle's
forthcoming dissertation. By relative wages we mean the ratio of
industry wages to an aggregate wage. The aggregate wage equations
were estimated by Cloppéf Almon.

The consumption equations are the subject of Paul Devine's
forthcoming dissertation.

The outputs for the investment and employment equations are
aggregates of output sectors 1 through 69 in Appendix C. On the
other hand, the tables in Ap;endix C display wage indexes for only
38 industries (excluding Private Households and various government
sectors). Since it was impossible to disaggregate these indexes
into the 53 sectors for the forecast, we simply matched up the 38
wage industries to the 53 investment and employment industries as

closely as possible, and used the appropriate wage.
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2 CRUDE PETROLEUM AND NATURAL GAS (&)

EMPLOYMENT PER UNIT OF OQUTPUT

YEAR ACT(#) PRED(+)
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3 MIMNING (2,3, 5)

EMPLOYMENT PER UNIT OF QUTPUT
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4 CONSTRUCTION (&)

EMPLOYMENT PER UNIT OF QUTPUT
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EMPLOYMENT PER UNIT OF OQUTPUT
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1952 1079.6 1232.8
1953 1152. 5 1289.7
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1955 1649.7 1290.0
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1958 16683.8 1871.0
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7 UNITTING.

HOSIERY (9)

EMPLOYMENT PER UNIT OF OQUTPUT

YEAR ACT (%) PRED(+)

1932 11. 88 11. 68
1953 10. 78 10. 91
1954 10. 60 10. 32
1999 9.73 9. 58
19956 31 42
1997 8. 61 9. 00
1758 7.84 8. 54
1959 8. 06 8. 00
1960 7.73 7.65
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19468 4.35 4.25
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1971 3. 47 3. 56
1972 2 .99 3. 16
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1974 3.04 3.03
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1976 2. 68 2. 63
1977 2. 51 2.45
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8 APPAREL AND HOUSEHOLD TEXTILES (10)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)
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4. 71 4
4. 22 4
4. 16 4
4. 10 3
4. 06 4
3. 94 3
3. &7 3
3.70 3
3. 80 3
3. 49 3
3.57 3
3.18 3

—

1977 = 100%

n en an en en me Ge mA Se Ga Ga S0 Ge Se ce e GE an Sa an S wA e an an en

o %

as

*
30

79

100

125

»
150

173 200

e Me ma me Ge Gn Ge Ge Se Me Se 4n G0 we B8 e @8 S8 G an S= ke G as e we

YEAR ACT(») PRED(+)

1932
1983
1954
1935
19956
1987
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

210.
234.
256.
301.
352.
390.
280.
287.
267.
a77.
305.
390.
340.
S5035.
948.
441.
524.
601,
600.
666,
&65.
&661.
&31.
$13.
S569.
&04.

SAENO=OLWI™ O NWNIWNWDO=DLEODH»WO

208.
246.
208.
287.
320.
338.
308.
338.
306.
289.
338.
374.
413.
417.
463.
376.
995.
591.
999.
$580.
&03.
&£359.
&50.
586.
607.
607.

NOQWNUWLOCOCRNWSLGCD=DRNNNDATCRNL
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9 PAPER (11)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

b bt b et e et et o e = JRINONNRORNN
N
~

-

o
~
alialaf ol st aialakalabalalal Ll R ARG R R SR RUN LR N

1977 = 1004

- e me Ge Ga Se An Gu Ge @ Gk G5 Ge ®R B mE Be Be Re Be e w6 Se Sa Be &8

29

g0

75

100

125

»
150

175 200

e Bn n Mo fn me G Ba Be Bn en C8 MR S6 Ga Ge Gs cn e - wn Ge e e wn ow

YEAR ACT(#) PRED(+)

1952
1953
1954
1933
1936
1957
1938
1959
1960
1961
1962
1963
1964
1965
1966
1967
1948
1969
1970
1971
1972
1973
1974
1973
1976
1977

773.

a3t.

983.
1114.
1469.
1541.
1022.
1054,
1070.
1124.
1244.
1200.
1513,
1904.
2157.
2411.
1763.
1941.
1797.
1402.
1477.
1696.
20635.
2243.
2703.
2823.

[A]

NANCOUANRNWIARNRAIOINIONLOO=bIOWD

963.
1006.
1301.
1013.
1188.
1290.
1019.
10350.

969.
1106.
1311.
1483.
1517.
1994.
1771.
19469.
1818.
2022.
2020.
1638.
1759.
1847.
2162.
2357.
2410.
2747.

= 0N~ BWRNROL=DOILRBRODALOND

INVESTHMENT
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10 PRINTING (12)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

———— -

1952
1953
1954
1955
1796
1957
1258
1999
1940
1961
1962
1963
1264
1965
1966
1967
1768
1969
1270
1971
1972
1973
1974
1975
1976
1977

w
]
o

NNRNRRNNNNRNNNRNNRNURULUOOOW
~
W

1977 = 100%

~
L ]
INNNNANRNNNNNNNNNNGLOUWLULOLOW

A S e A Ge G Ae A% BE GE e e Ge Ge Gh we Se S8 S8 Ge @n Be os Ge an o

25

*
S0

73

»
100

125

*
150

175 200

an S ms Gn Gn G Ge 08 %0 G S8 Gs e Ae Gc Ge G Se Gn A Sa @s %6 = ee oo

YEAR ACT(#) PRED(+)

1952
1933
1954
1955
1956
1997
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

361.
390.
439.
471.
447.
930.

1273.
1443.

CONNWOUANDLUILDLE-NLDHLHIONOGODS

367.
3%0.
398.
448.
501.
504.
&27.
&54.
729.
752.
713.
&50.
733.
761.
931,
1070.
1119.
1102.
1070.
1048.
1261.
1355.
1298.
1254.
1317.
1542.

Ca=NOINILIUURINGIPLWLWUIOSLOCrOODSODD
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11 AGRICULTURE FERTILIZERS (13)

EHPLGYHENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1.29 1
1.24 1
1.16 1
1.28 1
1.31 1
1. 26 1
1.09 1
0. 95 o
0. %98 1
0. 92 o
0. 87 o
0. 80 o
0.71 o
0.71 o
0. &8 o
0. 66 ()
0. 66 o
0. 635 o
0. 66 o
0. &6 o
0. 61 o
0. Sa ]
0. 51 o
0. 98 )
0. 62 o
0. 60 0o

1977 = 1004

.- en e s M es R G Sa Be G Ba Ge Ga Ge he A6 Se A% Be Gn 6 A% e S8 Se

2%

30

7%

100

129

*
130

173

200

YEAR ACT(#) PRED(+)

1992
1953
1954
1955
1956
1957
1938
1959
1960
1961
1962
1963
1964
1969
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

48.

92.
119.
111.
103.
1089.
103.
102.
138.
288.
183.
149.
178.
200.
J12.
3509.
208.
231.
204.
181.
180.
316.
490.
?14.
8a7.
99S.
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INVESTMENT
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12 OTHER CHEMICALS (14)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1952
1993
1954
19259
1956
1957
1958
1959
1940
1961
1962
1963
1764
19639
1966
1967
1948
1969
1970
1971
1972
1973
1974
1975
1974
1977

COmOrmmmmrmuErRrureee=NRNUBAR
»
(7]

o
Y]
COrmmrmmrereerrrrrr ==~ NANNRRRN

1977 = 100%

e en G en EE Gh Ge Be e OR SE AL G Ge e G At wn Ge Se Gn A Ge Se G0 =e

O %

30

73

100

129

»
150

173 200

s s G Gm Be Ge Gh AE SE Ge 48 SE me Gn s A8 A6 Sa Se BE en e ae Se o o=

YEAR ACT(#) PRED(+)

1952
1933
1954
1935
1956
1957
1958
1959
1960
1961
1942
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
19735
1976
1977

2173.
2016.
1853.
1748.
1844.
1968.
1829,
1396.
1860.
2118.
2070.
22%52.
2713.
33569.
3930.
3854,
3492.
3442.
3680.
30326.
3093.
3372.
4625.
3013.
3438.
&693.

O=NOCIEOUNIIOIINNURNINNICGNBN

1462.
1641.
1704.
1462.
1984.
2281.
2074.
1e12.
2029.
1943.
2158.
2639
2403.
3023.
3380.
36843.
3446.
3664,
3489.
34064.
3504.
4142.
5047.
9321.
9167.
5927.

BLHEIO0OW=RNOTPTBOIWWRNDNNN=~DOONN
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13 PETROLEUM REFINING & FUEL OIL (15,16

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
19535
1956
1997
1958
1959
19460
1961
1962
19263
1964
19265
1966
1947
1948
1969
1970
1971
1972
1973
1974
1973
1976
1977

- e o

000000000000 00000000000000
R
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- e

n
@
0000000000000 0000000O0000!

-

1977 = 100%

o S G Sh G Gn Ge S SE e G A S S Be Gn e Ge G Ge Se S6 G ae ae oo
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S0

73

>
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+
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100

129

*
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178 200

e me Gn e e An Ae G Ge Ge e A% e me e S Ge Ss "6 Gf G= =e as =e oa

YEAR ACT(#) PRED(+)

1952
1953
1954
1959
1956
1957

1938

1959
1960
1961
1962

- 1963

1964
1969
1966
1967
1968
1969
1970
1971
1972
1973
1974
1978
1976
1977

bbb
698.
613.
378.
391.
314.
336.
306.
267.
264.
377.
271.
303.

0OCLODIVIVANLUWOW==V9DNDIDBILIHODOD

NDLPOOOPVOILOUWDILOWOHLNTAI =0 &b
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14 RUBBER AND PLASTIC PRODUCTS (17.,1&)

EMPLAOYMENT PER UNIT Df QUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
19546
1957
1958
1959
1960
1?61
1962
1963
1964
1943
1966
1967
1968
1269
1970
1971
1972
1973
1974
1975
1974
1977

3.96

“FNNEEENUNNNNNNRNRNNRUOOOD
»
~

v
Py
~RNNNEENNRNNNNNNNRNGLLUUULRY

1977 = 1004

.t e G Bs Sh B Ge "e A8 G S Ge W G0 Ae Be S8 B A8 an o= s ee Se @ e=
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29

#*
S0

79

100

125

»
130

173

200

YEAR ACT(#) PRED(+)

. G me e s BE Ae G Ge Gn me e e e e S G= 68 S A ee e @a ee ae ee

343.
357.
3464.
356.
389.
346.
323.
374.
494.
472.
594.
965.

VWROD =0 NDODLRNIIDLWOANNENO
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200
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15 FOOTWEAR AND LEATHER (19)

EMPLOYMENT PER UNIT OF OQUTPUT

; YEAR ACT(#) PRED(+)

1952
1953
1954
1959
19356
1957
19358
1939
1940
1961
1942
1963
1764
1765
1966
1947
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

Ry Rt det bttt
w
0

W
(1]
VULRWASAPERLLAALLALLLALALGY

1977 = 100%

e G Gn Cn G Ge we SO Ao @b Co Bn B0 G Be Sa Ge *t B Be Ge s 4 Be = e

[«

29

30

75

100

129

»
150

178 200

- e Ss me en G0 we @F Be me Se e @ S0 Se Se A6 G4 B S= Ba es S e ea S

YEAR ACT(#) PRED(+)

19952
1953
1934
1959
19346
1957
1938
1959
1960
1961
1962
1963
19464
1963
194646
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977
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YEAR ACT(#) PRED(+)’

1952
1953
1754
1955
17564
1957
1958
1959
1760
1961
1942
1963
1944
1765
1946
1967
1948
1969
1970
1971
1972
1973
1974
1975
1?76
1977

16 LUMBER (20)

EMPLOYMENT PER UNIT OF OUTPUT

o
n
(8]

mrReeeNERNNNNNNRNNONRNLLWOO
4]
[A]

3]
Q
mreeErUNNRRUNRRNNRNNRNROOOOW

1977 = 1004

- n BE CE AS Eh Be e Ae Eh S8 B Gn An S8 e GE G5 @6 GE Ge Sa Gn = =e S

O %

25

»
30

75

100

125

*
150

175 200

. mm Gm e G @s ar Ge A8 == Gn Ge mn e Gn =e A6 e Be me e mr on *e e B

YEAR ACT{(#) PRED(+)

1952
1933
1954

333.
342
297.
390.
4647.
342.
403.
467.
SQ4.
363.
446.
949.
936.
7358.
764.
&62,
791.
a867.
733.
949.
1091.
1124,
1395.
1223.
1110.
1290.

NUNW=WDUWDOINNNI=DLROPOINCODU=O

423.
a96.
316.
320.
346.
401.
396.
34&0.
406.
447.
590.
&21.
648.
&86.
718.
723.
73%9.
7683.
a11.
797.
1080.
1148.
1375.
1225.
1156.
1271.

0= = ONIVLOCUVUINIVINISOORNINDOLNNN
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200
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17 FUNITURE (21)

EMPLOYMENT PER UNLIT OF OUTPUT

YEAR ACT(#) PRED(+)

1952
1993
1954
19SS
1956
1957
1258
1759
1960
1961
1962
1963
1964
1965
1966
1967
1748

NUORULLUUVVWWWWAREE AL EEAA
[+:}
-

<
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NUUWWUULLVUULLWASEEEASEEES
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1977 = 1004

- on G Ae Gs Gn Be Gn Gn Ce Se B8 fe S0 A G- Sn *e S Sn Se e ww Se S ee
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29

S0
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100

129

150

175 200
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YEAR ACT(#) PRED(+)

1952
1953
19354
193595
1956
1957
1938
1959
1960
1961
1962
1963
1964
1965
1964
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

a9.

ar.

98.
120.
119.
131.
110.
103.
104.
100.
10S.
144,
142,

V0L WOONDGOLINDGD W= D=0badow

113.

97.
110.
117.
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18 STONE, CLAY & GLASS (22)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(%) PRED(+)

19952
1953
1754
1955
1956
1957
1958
1999
1960
1961
1942
1963
1964
1965
1966
1967
1948
1969
1970
1971
1972
1973
1974
197%
1976
1977

3. 21 3.

<8 3.
3.03 3.
2.93 2.
2. 68 2.
3.01 2.
2.84 2
2.72 2.
2.79 2.
2. 69 2.
2. 63 2.
2. 48 2.
2. 45 2.
2.35 2.
2.30 2.
2. 30 2.
2. .26 2.
2. .25 2.
2.29 2.
2.26 2.
2.12 2.
2.07 2.
2. 11 2.
2. 05 2.
2.02 2.
1.98 1.

e .

1977 = 1004

. s mn e G Gn WS e Be SR e Gh GG A Be e Gr Ge A BE BE Br Se So e we

25

S0

75

#*
100

129

»
130

178 200

an An 0n mm G6 Ge Gm G Gn Gt Gr G Ge G4 SF SF Ge = s Se an @0 Ge 56 as as

YEAR

1952
1953
1954
1955
1936
1957
1938
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

ACT(#) PRED(+)
532. 4 835. 8
523. 7 703. 6
579. 4 5681.7
933. & 6835. 3
1144. 9 765. 1
1089. 7 823. 8
726. 6 742. 2
816.1 1000.3
787.2 906. 2
864. 0 863. &
820. 7 805. 9
907. 4 997.7
995.6 10357.6
1109.9 123%6. 4

1379. 6 1314.9

1162.9 1189.0

1022.2 1080.2

1197.7 1039. %

1124. 4 969. 0

1068. &6 ?12. 4

1376.3 1366. 6

1957.1 1733.3

1529.0 1638.0

1432.9 1360.9

1305.7 1422.1

1549.8 1483.4
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19 IRON AND STEEL (23)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(=) PRED(+)

1952
1953
1754
1999
19356
1997
1758
1959
19460
1961
1962
1963
1764
1945
1946
19467
1968
19469
1970
1971
1972
1973
1974
19735
19748
1977

WA gt gk en e pm b P Sub Pub ut Pt Bl bt fmt Gub fuh pub B ek Pmb A g e e b
N
-

3]
o
b pub et pub (uS (et fub Pub (ub ub Pub (ub feb Pub fud Pub (ub Db Pub et Pub Pt pub Gt b Pub

1977 = 1004

%

239

S0

79

100

1235

»*
150

175 200

YEAR
1952
1933
1954
1995
1956
1937
1938
1959
1960
1961
1962
1963
1964
1965
1966
19467
1968
19469
1970
1971
1972
1973
1974
1973
1976
1977

ACT(%) PRED(+)
2190.6 1214.0
1349.3 1797.3
1259.7 1997.2
1266.4 1935. 4
2009.3 1266.4
2299.7 1399.0
1417. 9 793. 1
1131. 2 793. 4
1@82. 2 801.1
1363. 8 860. 5
1362.3 1037. 6
1442.7 1071. 5
2360.8 1577.9
25648. 4 2230.5
2983. 3 2647.0
3323.4 2570.3
3191.9 2917.4
2623. 5 3513.0
2242.2 1943.7
1663.7 1751.9
1463.0 22161.2
1667.4 3166.2
2309. 4 3542.9
2220. 6 3663. 6
2417.2 3J3736.2
2414.0 3197.9
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20 NON-FERROUS METALS (24,23)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1937
1958
1959
1960
1961
1962
1963
1764
1965
1946
1767
1768
1969
1970
1971
1972
1973
1974
1973
1976
1977
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73
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YEAR ACT(#) PRED(+)

1932
1993
1954
19335
19936
1997
1938
19359
1960
1961
1962
1963
19464
1963
1966
1967
1968
1969
1970
1971
1972
1973
1974
19739
1976
1977

626,
507.
377.
435
693.
738.
872
423,
393,
383.
432.
539.
548.
8s6.

1075.

1173.

1101.

1063.

1069.
766,
809
762.

1128.

1041.
995,
633.

@O

WOUNOJIWONUODNIWRNINDGLWIORND

4351.
509.
520.
496.
483.
509.
424.
406.
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21 METAL PRODUCTS (26

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(») PRED(+)

1952
1953
1954
1959
1956
1997
1958
1959
1940
1961
1962
1963
19464
1945
1946
1967
1948
1969
1970
1971
1972
1973
1974
1979
1976
1977

PENeESONNRRNROAONRRRNUONANRNGW
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1977 = 100%

O %

=4

29

»
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»
100

129

%
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- s me ee B me G. Cn G me e Se Ge Se @ we S ®n ®r G @s Ge oo G e &

YEAR ACT(#)

PRED(+)

1952
1953
1954
1955
1956
19357
1958
19359
1960
1961
1962
1963
1964
1965
1966
19467
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

748.
864.

OC=mINDCOCOBWHLOTONPLPOIrIOO N0 O -0 -

796.
887.
954.
803.
7439.
7%6.
&54.
897.
a91.
ava.
909.
1101.
1163.
1435.
18439.
1938.
1968.
1792.
1932.
1268.
1440.
1845.
1973.
1860.
2117.
2270.
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22 ENGINES & TURBINS (27)

EMPLOYMENT PER UNIT OF OUTPUY

YEAR ACT(#) PRED(+)

1952
1953
1954
1999
1996
1957
1958
1959
1960
1961
1962
1963
1964
1965
1946
1967
1948
19469
1970
1971
1972
1973
1974
1975
1976
1977

2. 86 3
2.681 2
2.97 2
3.10 3
3. 20 2
3.13 2
2.33 2
221 2
2. 36 2
2. .19 2
2.04 2
1.97 1
1.6808 1
1.83 1
1.77 1
1.68 1
1. 52 1
1. 40 1
1.38 1
1. 45 1
1.27 1
1.19 1
1.15 1
1.28 1
1.18 1
1.10 1
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YEAR ACT(#) PRED(+)

1932
1953
1954
1953
1936
1937
19586
1959
1960
1961
1962
1963
1964
1965
1966
1967
1948
1969
1970
1971
1972
1973
1974
1973
1976
1977

61.
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= NOPOIBNNANLQO=NWLImebsLO=OQDODODC

INVESTMENT

a5

S0

75

100

#
123 150 173

200

Cn s G Ee e e EE As Be e G CE Ee ke EE Gk GO Sh G Ae Ga G6 06 an @

ee-0



23 AGRICULTURE MACHINERY (28)

EMPLIOYMENT

. YEAR ACT(#) PRED(+)

1952
1953
1954
19595
1956
1957
1958
1959
1960
1961
1942
1963
1964
1965
196é&
1967
1948
1969
1970
1971
1972
1973
1974
19795
1976
1977

- an

2. 68 2
2.a8 3
3.14 2
2. 84 2
318 2
3.17 3
2. 28 2
2. 36 2
2.&3 2
2.48 2
<.30 2
2. 27 2
212 1
2.14 1
1. 96 1
1. 90 1
1.84 1
1.87 1
1.89 1
1.85 1
1.61 1
1. 54 1
1. 50 1
1. 46 1
1.35 1
1.28 1

-

1977 = 100%

an we em G *e e ee W 2c @ er G4 me Ge me an S ar Be ~—

*
G

235

PER UNIT OF OUTPUT

S0

’

75

#*
100

129

#
150

175 200

e as @6 Gn Se e fe S0 G B0 B G0 S0 Se M. Be Be me Be Ga e Ar Be e ar =

YEAR ACT(#) PRED(+)

1932
1953
1954
1955
1956
1937
19358
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

az.
107.
106.

= NOU N NDODNARNWORN=LBANIODNN

UOBOCWUBLOUWIBNOLI==JQUWA=CDHNDC D

e Cs G 6n 00 G0 M o Ce Se Sn e Ge Be ** Go Sn Se e ce oe Sn Ss o8 Be B

O %

INVESTMENT

75

100

*
123 150 175

200

e A sn ee Gh G SO B Gn G G Ge ma Cn GE G Ge e BR GE =S B0 S8 G e

{¥out]



29 METALWORKING MACHINERY (30)

EMPLOYMENT PER UNIT OF OUTPUY

YEAR ACT(#) PRED(+)

-

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
19&5
1966
1967
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

2.83 2.
2. 99 2.
2. 598 2.
2.78 2.
2. 68 2.
<.88 2.
2. 84 2.
2.80 2.
2.77 2.
.80 2.
2. 63 2.
2. 67 2.
2. 56 2.
2.43 2.
2.43 2.
2. 49 2.
. 59 2.
2. 46 2.
2. 47 2.
2. 63 2.
2. 44 2.
2.27 2.
2. 47 2.
2.58 2.
2. 59 2.
2. 3& 2.

- 1977 = 100%

- G Gn Gn BE SE e S Gn G W BA Gh AS e G B G GE e AR Ge Be Ge a8 e

O %

25

»
g0

79

100

125

»
150

175 200

r e ee Se Sh Ge me AC Sa as 46 Ae S0 on B w- S0 G0 e Se en Se e Se ae we

YEAR ACT(#) PRED(+)

1932
1933
1934
1935
1956
1957
1998
1959
19460
1961
1962
19463
1964
1965
1966
1967
1948
1969
1970
1971
1972
1973
1974
19735
1976
1977

3684.
418.
439.
3e4.
440.

NIOO= D=O=RNLHDOWECIWOO0WW~=I W

9

459.
499.
430.
407.
336.
261.
208.
202.
229.
137.
193.
263.
315,
433.
285.
593.
910.
420.
332.
173.
210.
4435.
343.
446.
431.
493.

= OPRNIWIOBNONDPGP=RNLODOUIOCN=UbLLENO

INVESTMENT

79

100

123

130

179

n AL GE BE G G Gn we e Gn Ge e Gh GO GR G AL 48 S @8 GF O e So @a wu

200

#e=0



27 SPECIAL INDUCTRY MACHINERY (31)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(%#) PRED(+)

o

- —

Nerrer=NORNRNUNRNRARNNORNOOLWW
N
~

W
H
jakabaliafialialalofialelisfl bt il LR R RL R R ol

1977 = 100%

o %

735

»
100

125

*
150

1739

200

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1936
1957
1958

99.
113.
93.
107.
139.
128.
95.
98.
118.
118.

DOCUVLUIDNIOCOLWANO=RNIOL=DCON=NLON

187.

SNRNOWNIVNWUDORN=LRODIO=NILIIPDDNO

o Gr Cn G GO Cs G G Go Cw O6 Go Gn GE wo G0 L S GO Ge CE G- Ge *e Se S=

(- J

INVESTMENT

29

S0

79

100

129

130

. e An e Gn s Gn A Se At S 0 G0 A4S Ao S S8 @8 Se an Gs an er S8 *e o=

175 200

20



28 MISC. NONELEC. MACHINERY (2%, 32)

EMPLOYMENT PER UNIT OF OQUTPUT

YEAR ACT(%) PRED(+)

1952
1953
1954
1999
1956
1957
1958
1959
1940
19461
1562
1963
1944
1969
1966
19267
1948
19269
1970
1971
1972
1973
1974
19795
1976
1977

MrEEERNRRRRNNNNN VNN MR NNR
N
-

———

N
2
PEeecRRRBRRNRNRNRRARNRNRNURRANNRN

-

1977 = 1004

e mn A Gn e G S% GE ee S G @e S G Be Ae e ae es an Se Gm S Sa e oe

O %

25

*
50

73

#*
100

125

#
150

175 200

»
. G Sn Gn e e AR e G Se e e R e e G e Ge GO Sa Sn en G Se ow o

YEAR ACT(#) PRED(+)

1932
1933

355.
407.
356.
433.
516.
493.
444,
470.
494.
381.
442.
500.
&09.
795.
897.
1102.
9035.
974.
a52.
824.

= ONNIOUVORNODCGAINOCILOCONLG=LODOIW

393.
450.
430.
436.
391.
362
346.
487.
4a7.
383.
459.
631.
&34,
a826.
1052.
1014.
?18.

COoUNWWLOCRNAUBLNDOONSE~0ONGCOD

[= 2R J

INVESTHENT

75

*
100

123

»
130

178

e e e an e ee Ge ar e G Ge Sh e SR Gh e Ge Gr An AL Ae AR @0 a6 an

200

92=0



29 COMPUTERS & OTHER QFFICE‘HACHINERY (

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1992
1993
1954
1939
1996
1997
1938
1939
1960
1961
1962
1963
1964
1969
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

12.79 12
11. 99 11

10.70 10.

10. 18
10. 24
79
. 11

VOREELAIIUCONND

mNNRNG
g8aB8283%a

“RUANRUUILULULLS2CCNDDDDD

. 60
.79
&8
72
19
61
40
22
71
64
o2
9
16
90
7
33
26
12
14
77
41
as
S0
34
10
79

1977 = 100X

*
()

»
S0

73 100 129

150

1738

200

YEAR ACT(#) PRED(+)

1992
1933
1994
1939
1956
1997
1958
1959
1960
1961
1962
1963
1964
1963
1966
1967
1968
19469
1970
1971
1972
1973
1974
1979
1976
1977

Sa.
79.
76.

as.
118.
169.
119.
107.
139.
177.
190.
209.
187.
a79.
269.
286,
308.
491.
472.
394.
358.
372.
463.
400.
471.
786.

SR NOO = WWSIOICPLWINLVWODODA2WORN

49.
79.

CANITIVAUVUWAROCSLOLRNN=THLOILRNGBO

INVESTHMENT

79

100

»
130

179

200

L2=0



fre e e A e

30 SERVICE INDUCTRY MACHINERY (35)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
17464
1965
1966
1967
1768
1969
1970
1971
1972
1973
1974
1975
1976
1977

3.96 3
3 48 3
3. 06 3
2.9 3
3.09 2
3.07 3
2.94 3
2 62 2
2. .44 2
2.32 2
2.21 2
2.19 1
2. 02 1
1.84 1
1. 82 1
1.77 1
1.70 1
1. 60 1
1. 63 1
1. 96 1
1. 57 1
1. 58 1
1. 64 1
1.80 1
1. 61 1
1.53 1

-——

1977 = 1004

Ss e we mm Gn he e G Ge e e Ge Se G e 46 n Be @6 Se *e on *e o= s oo

*
(o)

as

S0

73 100

125

»
150

175 200

- e e e me Gn Se Su Be Be e e Ge S S Se Gs Se S Se Sc Be S es an -

YEAR ACT(®#) PRED(+)

1952
1953
1934
1955
1956
19357
1958
1959
1960
1961
1962
1963
1964
1963
1966
1967
1968
19469
1970
1971
1972
1973
1974
1973
1976
1977

303.
316.
198.
190.
aze.

BLEL2PWNNIORN == 0000 s»INDPOU=CODN

&3.
47.
97.

NNOSGODUDOOP = DOARNDOO ™imememm U™

INVESTMENT

+*
125 150 173

200
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31 COMMUNICATIONS MACHINERY (36)

EMPLOVMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

19952
1953
1954
1955
1956
1957
1958
1999
1940
1961
1962
1943
1964
19635
1966
1947
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

NNNNNRUUUUWOUUWASOAUNNNNEN
o
[«]

(4
(=]
NNNNNGUUUULRLULARTERO O NNN

1977 = 100%

- e Se Be WE Ge we Me e S8 Ge S G G= Se G Be e S me ae e ce oe o= =e

23

»
S0

79

100

129

150

175

200

- we G Ge wn Ge 6o Se G0 G Ce Be 6s Sr G e Gs e B Se Sn Se Ge Be =a ee

YEAR ACT(%#) PRED(+)

1952
1953
1954
1935
1956
1957
1956
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
19469
1970
1971
1972
1973
1974
1975
1976
1977

394.
292.
234.
319.
362.
418.
313.
418.
518.
474.
943.
618.
648.
a7s.
1129.
1126,
1111,
1285.
1061.
1071.
1078.
1340.
1628.
1136.
1327.
1602

=~ 0OROCLPUCLUCLUWRNDOCD=OCWODMOWULW™

306.

468

382.

279

197.
143.

4.
296.
333.
&77.
839.
a09.
783.
770.
947.

1110

1174.
1217.
1233,

?36.
1041.
13a9.
1448
1140.
1470.
1760.

WORNNDWNCULDWWHLEIOONNOUSINROINO =

INVESTMENT

73

100

125

*
130

175

o me Ge an G mn Ge Gk e Se SE AL R G N e EE e Ee e S o Ge @ Ge ®e

200
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32 HEAVY ELECTRICAL MACHINERY (37)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1997
19568
1959
1960
1961
1962
1963
1964
1965
1966
1967
1948
19649
1970
1971
1972
1973
1974
19735
1976
1977

2. 90 3
3.04 3
3. 02 3
3. 20 3
2. 99 3
2.98 3
3.48 3
3. 32 3
3. 23 3
3. 20 2
3.05 2
2. 91 2
2. 68 2
2. 46 2
2. 44 2
2. 44 2
2. 44 2
2.37 2
2.38 2
2.2% 2
2.16 2
2.04 2
2.06 2
2.13 2
2. 09 1
1.92 1

. 00
. 268
. 26
.07
.09
. 13
.3
.38
. 04

1977 = 100%

e we W Ge AN ce G G8 Be Gk N Be BE G B0 e Se Ge G We So Ga s e oo S

29

75

100

123

*
150

17% 200

YEAR ACT(%#) PRED(+)

1992
1953
1954
1935
19546

1957

1958

1959

1960
1961
1962
1963
1964
1963
1966
19467
1948
1969
1970
1971
1972
1973
1974
19735
1976
1977

234.
283.
285.
244.
279.
310.
196.

WOoONWOWHLOOP=DPON=NIPROINRNDOO>~

3

264.
302.
334.
299.
2435,
219.
188.
207.
243.
161.
204.
210.
2635.
347.
194.
503.
490.
448.
441.
349.
363.
349.
503.
479.
491.
528.

LBRNLPONRNOCQUU=O0OCLNUNOODLTNN

e wh e Ge Ce Er e G Gn GE ST GP Gh Gh SS GL A6 G On OF o @ Gs On Se

INVESTMENT

100

129

-
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175 200
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33 HOUSEHOLD APPLIANCES 3a)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

1952
1993
1954
1799
1956
1957
1958
1759
1960
17961
1962
1963
1964
1965
1766

1947 -

1948
1969
1970
1971
1972
1973
1974
1975
1974
1927

4. 96

CENRNSNNARNRRNANNNOWOURODRULWL S S
~
o

2
N
PERNRNRNANNNRRRRNNQULWALDLLALAL

1977 = 100%

Sn en s Gn G0 G 0c G0 o Ge A B0 Ga Gn B Ge me Be SE Gw G Se ae Sa ae =e

O %

a5

S0

75

100

125

1350

175 200

YEAR ACT(#) PRED(+)

1992
1953
1954
1959
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

NN DUSRNRANPEDNNDIIWS O~

209.

NO= 0= RN =DWONOCONOWNSLINOCOUS

e B e ee e e Gn e EE Ga e GE Se e AR B GE S G Be GF G Se oe o= e

O %

INVESTHMENT
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100
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130
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200
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34 ELECTRICAL LIGHTING & WIRING EGUIP (

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT (%) PRED(+)

19392
1953
17954
1995
1956
1797
1998
1959
1940
1961
1962
1943
1944
1945
1946
1967
17468
1969
1970
1971
1972
1973
1974
1975
1976
1977

NNNNNNNNNUNNNNNNOOUBLRNOUR
o
(=]

— e am .

o
-
NNRNNNNUNNNNNRNNUUURLOUWE

1977 = 1004

- e Gn e Gw e S e A0 Ba Ga Ge Se Ge me e e ea 4e an @ Sa e = o=

o %

25

*
S0

73

#
100

125

»
150

175 200

e Be B e Gw PR G B e Se e e Ge AR G0 @e en G4 Se fe se =6 S8 we w= es

YEAR ACT(#) PRED(+)

1952
1953
1954
19535
1956
1937
1958
1959
1960
1961
1962
1963
1964
1963
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

186.
172.
208.
203.
237.
138.
132.
143.
167.
162.
196.
194.
228.
300.
353.
3a9.
416.
401.
3Jeé.
332.
3a3.
943.
&68.
416.
440.
S574.

1OV UMAO= DUV VA=NDOrRNOCD=NWOOOr &

WONWOND=UONOCLRWOOIDROLYRIIR N~

en Ee G G Ah S o Ge e G Ee Sn GE mE Gn Gn G" G Gn A *s Be G we o

o %

INVESTMENT

29

S0

73

100
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»
125 150 173 200
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3% RADIO, T. V. RECEIVING, PHONOGRAPH (40)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
19S5
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1946
1967
1968
1949
1970
1971
1972
1973
1974
1975
1976
1977

11. 62 12
10. 50 11
10. 26 10
10. 946 10
11.39

NURANRNUWWLORAELLRNOO NN
]
N

L]
~
NRRNWQGWLOPLOLOLLADr NNNND DS

1977 = 1004

e Sn Be @a So Cm Ne 4r ce co Ge B4 e e e me We Gn S8 Se SE ee Se Se ew ae

73

100

1239

150

178 200

e mn an Ge G0 Te Sh Ge G Gn e Ge wr Cs e o we cn e e me .- ce on e -

YEAR ACT(#) PRED(+)

1932
1953
1954
19395
1956
1957
1956
1959
1960
1961
1962
1963
19464
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1979
1976
1977

DH0VUECIDWONDUIOIDNINWN=NO-DD

23.
43.
41.
13.
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INVESTMENT
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36 MOTOR VEHICLES (41) 7
EMPLOYMENT PER UNIT OF QUTPUT ' ‘ INVEGBTMENT

YEAR ACT(#) PRED(+) YEAR ACT(#) PRED(+)
* * * * » [ L ] *
19352 1.90 1.80 | Al 19392 1791.3 949.2 | . \
1993 1.77 1.67 | 4 el 1933 2293.9 1196.1 | +
1934 1.63 1.97 1 3 | 1994 2936.7 1219.4 | + ~
1939 1. 50 1.44 | " 1 1993 2263.2 1739.4 | ~ -(
1996 1.97 1.94 | T 1 19% 3239.1 2%99.2 | at T
1957 1.47 1.49 1 ¥ 1 1997 2638. 4 2767.9 | e
1938 1. 94 1.46 | * 1 1998 1936.0 17739.4 r:/
1999 1.39 1.30 1 » 1 1999 1940.2 1422.3 | -
1960 1.27 1.27 1 1 1960 2312.9 704.9 | * f
1961 1.26 1.19 1 | 1 1961 1994.7 1484.6 | + 4
1962 1.19 1.06 1 s | 1962 2299.3 2447.8 | -
1963 1.19 1.01 1 v | 1963 2833.4 3069.6 | ..
1964 1.17 0.96 1| | 1964 3917.3 2909.9 | -
1969 1.09 0.94 | | 1945 3848.9 3224.48 | ~.>
1966 1.10 0.91 | | 1966 3680.1 3742.8 | ¥
1967 1.14 0.89 1| ! 1967 3216.1 2807.3 | + =
1960 1.06 o.a4 | ! 1968 3210.6 3119.2 | o+
1969 1.07 0.86 | | 1969 2719.9 3269.1 | -
1970 1.12 0.935 1 ! 1970 23517.3 2339.4 |
1971 0.99 0.78 | 1 1971 2320.8 3063.6 | -~
1972 0.93 0.70 | 1 1972 2064.9 3604.7 | S S
1973 0.89 0.66 | 1 1973 2331.3 36890.7 | +
1974 0.96 0.69 1 | 1978 2634.9 4307.6 | ~
1973 0. 92 0.63 | 1 1979 1829.7 3766.5 | L
1976 0.83 0.%94 1| 1 1976 2016.2 3109.1 | -
1977 0.79 0.%0 | 1 1977 3171.8 3847.1 | “« e
[ 2 » * *» * \i »
0 23 90 73 100 123 1350 17% 200 0 2% S0 73 100 123 1% 179 200
1977 = 100%

7€=0



37 AEROSPACE (42)

EMPLOVMENYT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

19352
1953
1954
1955
1956
1957
1958
19359
1960
19461
1962
1943
1964
1965
1966
19467
19468
1969
1970
1971
1972
1973
1974
1975
1976
1977

-

3.73 3. 53
3. 02 2. 93
2. 92 2.54
2.77 2.70
2. 91 2. 59
2. 42 2.63
2. 34 2. .42
2.02 2.16
1.93 2. .32
1. 80 2. 04
1.89 2. 08
1.80 1. 91
1.72 1.86
1.73 1.75
1.78 1.71
1.81 1. 64
1.70 1.52
1.74 1.48
1.74 1.47
1. 36 1.52
1.97 1. 57
1. 47 1.57
1.58 1. 40
1. 69 1. 53
1. 62 1. 42
1.57 1. 46

- o o e

1977 = 1004

S0

7%

100

129

*
1350

179 200

‘e co mm wm es an an @ Ga Gn as 4e Ge Gn ee e Ge es G Se wr on e e an =

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967

1948

1969
1970
1971
1972
1973
1974
1975
1976
1977

311.
321.
a17.
394.
974,
&28.
401.
392.
377.
448.
375.
5997.
398.
997.
1147.
14408.
1219.
1224.

ANV W=BdNWONOCGOCOICOIPIONWANIO=I=R

707.
771.
634.
491.
429.
S08.
403.
399.
367.
458.
344.
431.
362.
424.
964.
823.
1061.
10635.
108S.
847.
619.
&93.
721.
730.
678.
798.

OCAIVPNWO=DNIICLPUWDODNN=NLRRNO

e B S Ce Br Ge W Ee SE e G G B A Ee S SE GR SE Be TS Ge e ma oo
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INVESTMENT
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100
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*
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179

200
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38 SHIPS & BOATS (43)

EMPLOYMENT PER.- UNIT OF OQUTPUT

YEAR ACT(») PRED(+)

1952
1993
1754
1955
1956
1957
1958
1959
1960
1961
1962
1963
1764
19465
1946
1967
1968
1949
1970
1971
1972
1973
1974
1975
1976
1977

——

4. 61 4. 59
4. 81 4. 63
4. 82 4. 81
4. 82 4.73
4. 67 4. 95
4. 41 4. 44
3. 93 4.32
4. 01 4. 39
4.37 4.43
4.27 4. 08
4.00 3. %0
3.93 3.77
3. 36 3 .49
3. 29 3. 40
3. 41 3.29
2.99 3. .21
3.29 3.24
3. 46 3. 26
3. 29 3. 20
3.14 3. 00
.97 2.97
2.72 2.91
2.86 2.77
2. 46 2. 65
2. 72 2. &3
2. 65 2.40

1977 = 100%

s ae wa

e Gn Gn me ce S me e e me Se *e Se Se @s Ge 08 Se an e we Sa S=

(=28 J

239

S0

79

100

129

#*
150

175

on M %o e on Gn G Gr Gn we T Ge @ Sr @r =e Se Se e e A Se Se S e O

YEAR ACT(#) PR

1952
1953
1954
19595
1956
1957

1958

1959
1960
1961
1962
1963
1964
1969
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

GONIOD2IODNRNWDHUWUNNIDINWBOOIIROCRNNI

ED(+)

OCLDONNOIR=L=LOUNLI=~DUO=RNUNWOLW

INVESTMENT

23

*
S0
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100

125

*

200
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39 OTHER TRANSPURTATION EQUIP.

(44)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

— —

1952
1953
1954
19395
1956
1947
1958
1959
1960
1961
1962
1963
1964
1965
1?2466
1967
1968
1969
1970
1971
1972
1973
1974
1979
1976
1977

> v o

- -

1977 = 100%

-t
P
L A Y R et al el el ale

e e Am e B e An me Be S S e G G G6 A% Ge S G *F S8 e @n me me e

o %

25

S0

75

100

125

#
150

175 200

—es Gr Ch e e BE Se Ah S e Se BE e s Ge s as s Se Ae e e aa oe oo

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1957
1958
1959
1960
i961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977
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40 INSTRUMENTS (435)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(%) PRED(+)

1952
1953
1954
1999
1756
1957
1958
1959
1940
1961
1942
1963
1944
1965
1946
19247
1948
1949
1970
1971
1972
1973
1974
1975
19764
1977

(3]
L]
L]
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18
36
15
90
74
95
51
28
23
%6
48
47

1977 = 100%

. Ge Gn Gw Gn AE G GE e wn e e we Ge A8 Se Ss - G4 S6 e me ea G Ge =

O %

2%

*

S0

73

*

100

129

#*
150

175 200

" Be An G wn BE e e S0 we Se Be ww Sn ST Be Ge *e G Ge Se S6 Se ae ae oo

. YEAR ACT(#) PRED(+)

1952

1953
19354
1933
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
19468
1949
1970

1971

1972
1973
1974
1975
1976
1977

119.

2

149.3

173.
170.
195.
202.
175.
224.
240.
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41 MISC. MFG. (46&)

EMPLOYMENT PER UNIT OF OUTPUT INVESTMENT
YEAR ACT(#) PRED(+) YEAR ACT(#) PRED(+)
———— ——m—— ————— » " » -
1752 6. 12 6.11 { 19952 152. 0 123. 4 1|
1953 S. 85 .71 1 { 1933 217.8 162.0 I
1954 5. 45 5.4 | i 1954 205.0 170.2 i
1959 5. 29 5.26 ! i 1955 194.0 165.3 1|
19946 9. 14 .20 ! i 1956 205.0 172.6 |
1957 S.13 4.96 | 1 1957 181.7 183.6 |
1758 4. 38 4.54 | I 1958 208. 9 201.7 |
1959 4. 38 4.45 ¢ ! 1959 200. 9 216.5 |
1960 4.13 4.31 1 t 1960 194.2 235.9 |
19418 3.94 4.19 1 i 1961 205. 3 246.9 |
1962 3.87 3.89 | I 1962 242.0 258.8 |
1263 3. 591 3.63 | i 1963 226. 0 270.0 |
1964 3. 49 3.48 | | 1964 2495. 1 272.9 |
19&5 3. 40 3.26 1| i 1963 269.3 310.9 |
1966 3.3 3.18 1 I 1964 277.0 325.4 1
1967 316 3.05 1 i 1947 296. 8 326.0
19486 3.03 2.94 | ! 1968 300. 5 318.9 |
1969 2.90 2.82 | i 1969 332. 3 334.1 1|
1970 2.92 2.91 1 1 1970 349. &6 309.0 |
1971 2. 82 2.82 | I 1971 342. 4 295.0 |
1972 2. 53 2.60 | 1972 396.0 409.9 |
1973 2. 64 2.69 | {1 1973 402. 0 ase.2 1
1974 2.77 2.73 I 1974 3Ja81.8 362.3
1979 2.71 2.681 1 i 1975 291. 3 389.3 |
1976 2. 92 2.37 1 i 1976 S26. 1 465.7
1977 2.33 2. .36 | i 1977 440. 9 450.2 |

-

* * * » .
"0 2% 50 7% 100 125 150 175 200

*
2% 90 73 100 125 150 173 200
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1977 = 1004
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42 RAILROADS (47)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1952
1993
1754
19595
1956
1997
1958
1959
1940
1961
19462
1963
1944
1265
1966
1967
1948
1969
1970
1971
1972
1973
1974
1979
1976
1977

5.78 - S
$.75 S
9. 74 S
5. 39 S5
5. 26 S
S. 26 9
5. 09 S
4.71 4
4. 59 4
4. 30 4
4.13 4
3.87 3
3. 62 3
3. 32 3
3.17 3
3.07 3
2.95 2
2.76 2
2.78 2
2.71 2
2.91 2
2. 40 2
2 32 2
2. 46 2
2.40 2
2. 35 2

1977 = 100%

- Sn N Gn Gn ma Gk G4 me Ge S8 Bn Ge TR G0 G e Ge e A8 ee e we oe o e

O %

29

100

125

»
150

179 200

s S B Ge e G Ge e e Be e s Go BB WA Be G6 M8 G e B8 B Se Ge oe S

YEAR

ACT(») PRED(+)

T 1952

2825.
2803.
1516,
1976.
22645.
2711.
1279.
1860.
2004.
1376.
1844.
2244.
3106.
4001.
4920.
368435.
2708.
3491.
3406.
2937.
2831.
3J272.
3933.
3393.
3247.
3631.

WNSNONTUOUOIPCLIANIDOIMN=RNNOUD

2401.
2195,
1393,
2192.
2676.
2529

1806.
1979.
2102.
1944.
1872.
2496.
3039.
3se7.
4219.
4064.
3447.
313s.
31e3.
2650.
2746.
3807.
4281,
a472.
2897.
3218.
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INVESTMENT
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173 200
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43 AIR TRANSPORT (S50}

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

-

1952
1993
1954
1995
1756
1957
19568
1959
15740
1941
1962
1963
19&4
1965
19266
1967
1948
1949
1970
1971
1972
1973
1974
1975
1976
1977

PErerEEErARORRRANNLLUWOOLLWWS
@
H

N
~N
EHRrrEEERURRORARNRNNOUBLWRWWR S S

1977 = 100%

e mn Gn s Se Gn G AF Ga G On Ge a8 ©8 B Ac me ne se aE Sa e ae ae aa ee

O %

25

S0

75

100

125

*
150

173 200

e Ge Gt Ge 4n 40 Ge we Wn Gr @0 o me or Do me me s Gn == on Ge ee Te oo e

YEAR
1952
1933
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971

1972

1973
1974
1973
1976
1977

ACT(#) PRED(+)

408. 4 764.0

424. & 751. 6

411. 3 739.7

497. 2 756. 9

S8s. 7 864. 9

701.3 910. 1

614. 4 736.3

1386. 5 &68. 3
1134.5 846. 6
1269. 7 621. 9
899.3 7595. 4

684.6 1047.9

1773.9 1496.0
2235.2 2162. 6
3269.3 2705. 9
4352. 9 3474.7
4864.9 4343.7
4378.9 4486.0
4673.8 3782. 1
2587. &6 2717.4
3074.9 27348.6
3435. 4 3308.8
2806. 4 36955.3
2201.0 2753.7
1684.5 2932.1
9 .1

2437.
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44 TRUCKING AND OTHER TRANSPORT (48. 49,

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#)} PRED(+)

1992
1953
1994
1955
1954
1957
1958
1959
1940
1961
1962
1963
1964
1969
1966
1967
1948
1969
1970
1971
1972
1973
1974
1979
1976
1977

4. 07 4
4. 11 4
4. 28 4
3. %6 3
3.90 3
3.681 3
3. 85 4
3.93 3
3.79 3
3.74 3
3. 64 3
3. 49 3
3. &7 3
3. 58 3
3. 51 3
3. 58 3
3. 42 3
3.30 3
3.208 3
3. 16 3
3. 02 3
2. 80 2
2. 69 2
2. 80 2
2.74 2
2. 66 2

1977 = 100%
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25

*
S0
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*
100

123

“
150

1735
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YEAR

ACT(#) PRED(+)

1992
1953
1954
1933
1956
1997
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1975
1976
1977

1841.
1998.
1822.
2110.
1781.
1723.
1335.
1799.
1729.
14658.
2223.
2094.
2088.
2598.
2744.
2613.
387S.
4945.
4088.
4973.
3747.
&333.
4614,
7764.
8028.
3187.

WNIOQQQLNRNAN=DHLHOIDIHLIUBRHLONYI™

1669.
239786.
2134.
1830.
1900.
2492.
2799.
2043.
1751.
1898.
2364.
2039.
2224.
27435

2839.
29885.
3673.
3608.
3397.
4598.
4909.
95035.
6430.
7372.
7449.
6886.
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INVESTHMENT
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»
S0
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175 200
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45 COMMUNICATIONS SERVICES (53)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

19952
1953
1954
1959
1956
1957
1956
1959
19240
1941
1962
1963
1964
1965
1966
1947
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

7.09 7
&. 64 &
& 44 &
& 16 3
&. 09 5
S. 61 S
S 11 9
4. 66 4
4. 56 4
4.15 4
4. 00 4
3. 80 3
3. 63 3
3. 51 3
3. 39 3
d. 22 3
3 16 3
3. 02 2
3.04 2
2.85 2
2. 66 2
2. 59 2
2. 44 2
2.23 ]
2. 06 2
1. 96 2

- -

1977 = 100%
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25
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75

100

129

150

173 200
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'YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1957
1958
1959
19460
1961
1962
1963
1964
19465
19646
19467
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

1239.
1461,
1410.
1769.
2045.
2444.
2088.
2077.
2445.
2808.

BNOOPNRRNDIGP = NN WERNI=W=0O0O VDN

2031.
2302.
2074.
2165.
2182.
23%37.
23435.
2373.
2417.
2674.
2776.
293S.
3351.
3799.
4556.
4945.
J021.
3996.
&750.
43570.
6283.
7625.
azva.
8293.
8577.
9647.
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INVESTMENT
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44 ELECTRIC UTILITIES (34)

EMPLOYMENY PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1792

1953
1954
19595
1956
1957
1758
12759
1940
1941
1962
1963
19464
19495
1946
1967
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

COOrmrmmmmrmE N Em e e NNNNNN
P
~N

(4]
(1]
COOrrmrmrm e~ NUNNRNNRN

1977 = 100%

e M me me me Se Gn e me @ A Me s me w8 66 4n Ar Be =n ac ma =s e Sa =

*

[« 3

25

*

*
S0

75

#*

*
100

125

*
150
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175 200

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1954
1957
1958
1959
1960
1961
1962
1963
1964
1963

1966
1967 -

1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

2038.
2447.
2247.
2416.
2180.
272s.
2461.
2471.
2427.
2598.
2548.
2490.
2524.
2626.
28863
3go2.
3980.
4625.
4644,
5154,
4844,
5306.
5412,
2900.
4053.
4564.

7

VO UI = VT IVIUTOIIVNDIONIOND

1844.
1801.
1846.
1786.
1918.
2252.
2348.
1752.
2339.
2630.
2520.
2932.
3112
3z277.
3443.
3901.
4056.
4807.
sosa.
4976.
5223.
5102.
5448,
3593
a101.
4177.
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- -

1992
1793
1954
1955
1756
1257
1958
1959
1760
1961
1942
1763
1764
1765
17646
1967
1968
1969
1970
1971
. 1772
; 1973
1974
1975
19746
' 1977

47 GAS, WATER & SANITATION (53, 356)

EMPLOYMENT PER UNIT OF OUTPUT

0. &9 (]
0. &6

0. 67 o
0. 63 (o]
0. &2 o
0.55 0
0. 5% o
Q. 56 (o)
0. 53 o
0.52 o
0. 49 0
Q. 46 o
0. 44 o
0. 43 o
G. 40 ()
0. 40 [s)
0.38 o
0.37 [s)
0.37 o
0. 36 o
0. 36 0o
0. 38 o
0. 40 o
0. 41 0o
0. 41 o
0. 41 o

YEAR ACT(#) PRED(+)

1977 = 100% .
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*
S0
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1235
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YEAR ACT(#) PRED(+)

1992
1933
1954
1935
1956
1957
1958
1959
1960
1961
1962
1963

729.
854.
927.
579.
733.
1147.
?07.
&76.
1032.
617.
706.
723.
a15.
734.
&95.
742.
787.
1126,
1000.
1133.
717.
953.
990.
1123.
1101.
1713.

IR LB I WWWIONNDIDIWLONSGLDLEI=DRN D

337.3

523.
306.
5085.
669
936.
a41.
720.
1012.
1011.
1061.
1053.
1096.
1099,
a97.
891.
911,
a97.
836.
ase.
818.
7359.
a72.
1108.
1130.
1343.
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INVESTMENT
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»
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48 WHOLESALE & RETAIL TRADE (57, 58)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

11.20 11. 26
1. 99 10. 99
16. 80 10. &3
10. 14 10. 20

9. 88 10. 02
9. 82 9.83
?.74 ?.71
? 23 9. 21
?.0S 9. 04
8. 85 8.7%9
B. 42 8. 46
8. 18 8. o8
7.73 7.75
7. 50 7.55
7.3% 7.32
7.09 7.17
& &7 &. 688
&. 76 &.72
6.74 &. 59
&. 96 6.43
6. 24 6. 23
9. 98 6. 10
6. 12 &. 21
411 & 14
5. 97 3. 90
S. 81 S5.79

1977 = 100%
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29

#
30

73

#*
100

125

#*
150

175

200
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YEAR

ACT(») PRED(+)

1952
1933
1954
19395
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1966
1969
1970
1971
1972
1973
1974
1975
1976
1977

(3

o

@
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34356.
3387.
338s5.
4186.
5321.
4866.
361t.
4573.
S5292.
4935.
9321.
6492.
6978.
7872.
8853.
a8676.
aa7s.
?9145.
a87356.
9470.
11703.
13866.
13307.
11579.
12298.
14692.
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75

*
100

125

*
130

173

200
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49 FINANCE & INSURANCE (40)

EMPLOYMENT PER UNIT OF OQUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
1995
1956
1957
1958
1959
1960
1961
1962
1943
1944
1965
1966
1967
1948
1949
1970
1971
1972
1973
1974
1975
1976
1977

- ———————

3n 3.72
3.70 3. 68
3.76 3. 67
3. 56 3. &5
3. 60 3. 62
3. 65 366
3. 64 3.62
3. 62 3. &2
3. 60 3. 60
3.57 3. 56
3.957 3. 93
3. 58 3.52
3. 57 3. .49
3. 54 3. 48
3. 51 3. 47
3. 44 3. 44
3.35% 3.43
3. 41 3. 42
3. 40 3. 42
3.a3 3.36
3.34 3.32
3. 22 3. 21
3.18 3.19
3.18 3.17
3.17 3.195

_————— -

1977 = 100%

.. o Sm e ce Gn e e Gn e W Be e G We s S8 e B Be Se e Sa ce Se o=
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125

#
150

175 200

" . YEAR ACT(®)

e we Ge me e On Be Sn Ga Be Se S0 me G6 =6 ®= Se S0 n AA Se == S *e ee e

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
19468
1969
1970
1971
1972
1973
1974
1975
1976
1977

PRED(+)

472.
S31.
324.
702.
&93.
733.
701.
76e1.
a84.
907.
1017.
1043.
1160.
1425.
1684.
1606.
1967.
2264.
2188.
2426.
2930.
35358.
3533.
3204.
3349.
3944.

NO=I3d="NONODOWUNN=IOIDRIDIOOVRNOTO

540.
969.
&72.
&34.
903.
as59.
757.
813.
961.
989.
1016.
1077.
1162.
1268.
1422.
1744.
2078.
2398.
2150.
2224,
2749.
3011.
3256.
3540.
asia.
3959.
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100
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YEAR ACT(%#) PRED(+)

1952
1953
1954
1935
19%6
1957
1998
1959
1960
1941
1962
1943
1964
1965
19646
1967
1948
1949
1970
1971
1972
1973
1974
1973
1976
1977

50 REAL ESTATE (61)

OOCO00O0000000000000 R rerD
@
(1]

o©
»
CO0O000O00O0O00O00000 ™ mmmm e

EMPLOYMENT PER UNIT OF QUTPUT

-

1977 = 100%

e mm Ge am e M ew An e Be Se me Ae PP An Ge W o> on e Se e = an as &

100

125

»
150

173 200

- e Se an G Ge en Gn G G0 Se So Ge Se Be Ge GF G e Gk me o B8 oo e =

YEAR ACT(#) PRED(+)
1932 937.2 1360.2
1933 1054.3 1718.8
1954 1038.8 1705.7
1955 1308.3 1985.7
1956 1187.0 1256.1
1957 1271.8 601.7
1958 1277.7 1041. 35
1959 1510.3 1332 3
1960 1634.2 1494.7
1961 1732.2 1714.6
1962 2030.2 1900.9
1963 2074.0 1983. 5
1964 1890.9 2118.6
1963 1973.9 2342.3
1966 1963.4 2393.0
1967 1331.6 2403.0
1968 1983.1 2234.7
1969 2383.3 2089.3
1970 2422.3 2048.1
1971 3049.0 2468. 95
1972 3779.0 2690.8
1973 4492.1 3351.2
1974 4338.1 3616.4
1973 3519.2. 3942. 9
1976 3993.7 4146.7
1977 S008.1 95243. 9
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51 HOTELS 2 REPAIRS MINUS AUTO (&3)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1997
1958
1959
1940
1941
1942
1963
19464
1945
1966
1947
19668
1969
1970
1971
1972
1973
1974
1975
1976
1977

-

NCONNNNNNNNDOOODOODDO0000¢
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1977 = 100%
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25

»
S0

75

*
100

1295

»
150

175 200
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YEAR ACT(#)

PRED(+)

1952
1953
1954
1959
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1979
1976
1977

622,
700.
690.
996.
922.
973.
923.

1045.

1163.

1168.

1343.

1379.

1369.

1546,

1696.

1483.

1797.

2063.

2074.

2257.

2813.

3308.

3084,

2688.

2813.

3248.

WOV J00=bUbDUmm2DONDIOONDND

373.

6358.

740.

a22.

958.
1033.
1027.
1073.
1233.
1316.
1457.
1947.
1653.
1872.
2006.
2099.
1942.
1812.
1864.
1876.
2260.
2683.
2672.
2812.
2970.
3191.
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S2 BUSINESS SERVICES (64)

EMPLOYMENT PER-UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

1992
1993
1954
1959
1956
1757
1958

1959

w

59
3. 62
44
37
35
29
29
26
17
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0
1]

1977 = 1004
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49
52
43
40
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100
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YEAR ACT(#) PRED(+)

1952
1953
1954
1955
1956
1957
1958
1959
1960
1961
1962
1963
1964
1965
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

472,
530.
523.
s78.
565.
620.
605.
719.
822,
ass.
981.

1044,

1241,

1598.

2011.

1913.

22s1.

2954.

2521.

2777.

3544,

4306.

4486,

a7a9.

4239.

5080.

CULICANNAOINO=DDIL2WODIOWOEWOO
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a824.
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53 AUTO REPAIR (45)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#) PRED(+)

1952
1953
1954
19595
1956
1957
1958
1999
1960
1761
1762
1963
1964
19695
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
1976
1977

286 2
.76
270 2
283 2
2.01 2
2.42 2
237 2
2.21 2
224 2
229 2
218 2
2208 2
2.02 1
1.98 1
1.91 1
1.85 1
1.73 1
1.64 1
1.68 1
1.69 1
1. 67 1
1.52 1
1.55 1
1.68 1
1.77 i
1.73 1

1977 = 1004

. EE e Be Ge A e BE G B AR AR AR CR BE Se e SE G e SE B Se Sa 06 e

23

50

739

#
100

125

»
150

175 200

e e @e 00 58 G Gs 0o G e G Be Ge 46 Be me Gs Be S6 Be e ea e Ge o0 ae

YEAR ACT(#) PRED(+)
1952 407.0 234. 9
1953 458. 0 273. 9
1934 451.7 297. 1
19393 4935. 1 421. 5
1956 592. 9 919. 2
1957 521.7 843. 0
19568 513.8  746.9
1959 619.8 701. 1
19460 717.2 930. 9
1961 711. 3 &31.7
1962 841.2 779. &
1963 901. 5 919. 3
1964 1084.4 1028. 64
1963 1356.3 1055.2
1966 1664.6 1274.3
1967 1579. 6 1387.4
1968 1700.9 1495.95
1969 17682.3 1702. 6
1970 1506.3 1636.4
1971 1599.0 1665.9
1972 1693.8 16823.3
1973 2231.1 2278.7
1974 2076.4 2049.2
1975 1725.2 1907.7
1976 18S55.7  1893.7
1977 2254.9 2204.1

Oo%

INVESTHMENT

29

90

73

100

129

*
130

173

200

150



84 MOVIES & AMUSEMENTS (&6&)

EMPLOYMENT PER UNIT OF OUTPUT

YEAR ACT(#) PRED(+)

1952
1993
1954
19359
1946
1957
1958
1999
1940
1961
19262
1963
1944
1945
1966
1967
1948
1949
1970
1971
1972
1973
1974
1978
1976
1977

4.

34

4. 53

bbhUbLDLLbbEAADLADAREIARAS

40
31
a2
S8
&7
71
75
75

N S TS Tl E Y P Yy

1977 = 100%
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*
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YEAR ACT(#) PRED(+)

1952
1933
1954
1953
1956
1957
1938
1959
1960
1961
1962
1963
1964
1963
1966
1967
1968
1969
1970
1971
1972
1973
1974
1973
19746
1977

423.
477.
470.
e8a3.
- 810.
793.
&87.
738.
037.
845.
930.
939.
830.
844.
a34.
630.
806.
920.
928.
1061.
1285,
1553.
1538.
1348.
1309.
1848.

1O ABNOCO QRQRAUIOLDONNICWO=OD=0 0

I

439,
asb.
538.
620.
640.
648.
699,
643.
638.
738.
823.
as7.
as2.
941,
961,

1040.

1109.

1087.

1051.

1093.

1120.

1203.

1428.

1542.

1638,

1972,
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$5 MEDICAL % ED. SERVICES (47)

EMPLOYMENT PER UNIT OF QUTPUT

YEAR ACT(#») PRED(+)

1952
1953
1954
1955
1954
1957
1958
1959
1960
1961
1942
1963
1944
1945
1946
1967
1968
1969
1970
1971
1972
1973
1974
1975
19746
1977

o o ot e
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1992
1953
1954
1935
1956
1957
19%6
19399
1960
1961
1962
1963
1964
19463
1966
1967
1948
1969
1970
1971
1972
1973
1974
1975
1976
1977

NOISURAWNDSWLN=~LWOODOCDONDIORNON

1306.
1339.
1529.
1676.
1488.
1871.
2014.
2168.
2313.
2444.
27135.
2934.
3279.
3839.
3548.
36464,
4072.
4433.
4362.
4818.
4941.
3477.
$704.
5062.
9441.
6252,
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APPENDIX D: ESTIMATES WITH A CONSTANT TIME TREND

ELASTICITIES

PK PL PE

FARMS AGR. SERVICES,FORESTRY,FISHERY
CAPITAL -0.352 0.058 0.294
LABOR 0.246 -0.285 0.038
CRUDE 'PETROLEUM AND NATURAL GAS (4)
CAPITAL -0.161 0.000 0.161
LABOR 0.000 -1.048 1.048
MINING (2,3,5)
CAPITAL -0.233 0.002 0.231
LABOR 0.031 =-0.694 0.662
CONSTRUCTION (6)
CAPITAL -0.217 0.000 0.217
LABOR 0.000 -0.358 '0.358
FOOD, TOBACCO (7)

CAPITAL -0.037 0.003 0.033

LABOR 0.020 -0.120 0.099

TEXTILES (8)
CAPITAL -0.000 0.112 -0.112
LABOR 0.444 <-0.047 -0.396
KNITTING, HOSIERY (9)
CAPITAL -0.000 0.432 -0.432
LABOR 0.319 -0.353 0.034
APPAREL AND HOUSEHOLD TEXTILES (10)
CAPITAL -0.000 0.146 -0.144

LABOR 0.276 -0.211 -0.065

SIGMA CSTSHR
* *
0.290 0.200
* *
0.000 0.161
* *
0.006 0.337
* *
0.000 0.657
* *
0.024 0.133
* *
0.421 0.265
* *
2.124 0.203
* *
0.607 0.237

FIT

12.4
7.5

21.8
9.7

31.9

4.4

14.5
7.3

9.9

3.2

15.3
8.6

21.5
3.9

12.8
5.3

D-1

RHO

0.501
0.859

0.604
0.820

0.801
0.527

'0.524
0.870

0.500
0.817

0.567
0.857

0.500
0.4626

0.502
0.648



10

11

12

13

14

15

16

PK
PAPER (11)
CAPITAL -0.003
LABOR 0.182
PRINTING (12)
CAPITAL 0.000
LABOR 0.158

AGRICULTURE FERTILIZERS (13)
CAPITAL =0.711
LABOR 0.829
OTHER CHEMICALS (14
CAPITAL -0.233

LABOR 0.000

PETROLEUM REFINING & FUEL OIL (15,16

CAPITAL - =0.251
LABOR 0.168
RUBBER AND PLASTIC PRODUCTS
CAPITAL 0.000
LABOR 0.244

FOOTWEAR AND LEATHER (19)
| * CAPITAL -0.045
LABOR 0.143
LUMBER (20)
CAPITAL -0.000

LABOR 0.105

ELASTICITIES
PL PE
0.005 -0.001
-0.161 -0.021
0.033 -0.033
=0.279 0.122
0.026 0.685
-1.281 0.452
0.000 0.233
-0.136 0.136

0.007
-0.526
(17,18)
0.010
-0.636

0.062
=0.003

0.019
-0.142

0.245
0.358

-0.010
0.392

- =0.016
-0.139

-0.019
0.037

SIGMA CSTSHR
* *
0.020 0.242
* *
0.091 0.359
* *
0.241 0.108
* *
0.000 0.19
* *
0.165 0.042
* *
0.034 0.289
* *
0.186 0.331
* *
0.08 0.219

FIT -

13.5

1.7

8-7
4.1

23.8
6.4

12.2

30.8

3.2

9.8

8.0

2.5

11.0
4.6

D-2

RHO

0.502
0.388

0.553
0.788

0.518
0.319

0.581

0.477

0.515
0.618

0.576
0.587

0.505
0.190

0.500
0.057



17

18

19

20

21

22

23

PK
FUNITURE (21)
CAPITAL ~0.000
LABOR 0.827
STONE, CLAY & GLASS (22)
CAPITAL - =0.000
LABOR 0.461
IRON AND STEEL (23)
CAPITAL -0.000
LABOR 0.268
NON-FERROUS METALS (24,25)
CAPITAL -0.000
LABOR 0.561

METAL PRODUCTS (26)

CAPITAL -0.000
LABOR 0.228
ENGINES & TURBINS (27)
CAPITAL 0.000
LABOR 0.681

AGRICULTURE MACHINERY (28)
CAPITAL . =0.000
LABOR 1.024

ELASTICITIES

PL

0.211
-0.826

0.015
=0.547

0.006
-0.104

0.009
-0.878

0.016
-0.586

0.039
=1.271

0.174
-0.573

PE

-0.211
-0.002

-0.015
0.086

-0 .006
~0.163

-0.009
0.316

~-0.016
0.358

-0.039
0.590

-0.174
-0.450

SIGMA CSTSHR

0.639 0.331

0.047 0.319

0.025 0.257

0.045 0.19

0.053 0.309

0.173 0.228

0.721 0.241

D-3

FIT

13.1
3.1

14.7

38.6

4.9

25.6
2.5

1.1
3.7

16.1
8.5

29.2
9.0

RHO

0.500
0.638

0.506
-0.210

0.520
0.665

0.573
0.243

0.518
0.570

0.518
0.380

0.538
0.475



25

27

28

29

30

3

-

32

ELASTICITIES

PK PL

METALWORKING MACHINERY (30)

CAPITAL

LABOR

-0.000 0.047
0.568 -0.635

SPECIAL INDUCTRY MACHINERY (31

CAPITAL

LABOR

-0.000 0.037
0.406 -0.775

MISC.NONELEC. MACHINERY (29,32)

CAPITAL

LABOR

COMPUTERS & OTHER OFFICE MACHINERY (

CAPITAL

LABOR

-0.000 0.091
0.557 -0.769

-0.000 0.244
1.221 -0.862

SERVICE INDUCTRY MACHINERY (35)

CAPITAL

LABOR

-0.000 0.070
0.602 -1.288

COMMUNICATIONS MACHINERY (36)

CAPITAL

LABOR

-0.000 0.438
1.851 =1.971

HEAVY ELECTRICAL MACHINERY (37)

- CAPITAL

LABOR

-0.000 0.139
1.111 -0.861

PE

"0 .047
0.067

"'D .037
0.370

=0.091
0.212

-0.359

-0.070
0.685

-0.438
0.119

=0.139

=0.250

SIGMA CSTSHR
* *
0.109 0.436
* *
0.102 0.367
* *
0.262 0.346
* *
0.790 0.309
* *
0.291 0.239
* *
1.171  0.374
* *
0.457 0.305.

FIT

18.8
3.3

22.3

D-4

6.2

11.2
2.6

28.8
11.5

22.8
5.5

20.2
7.8

12.9

701"

RHO

0.513
0.288

0.507
0.525

0.500
0.247

0.500
0.777
0.500
0.488

0.543
0.469

0.516

0.702



33

34

35

36

37

38

39

ELASTICITIES
PK PL PE
HOUSEHOLD APPLIANCES (38)
CAPITAL -0.000 0.244 -0.244
LABOR | 2,754 =2.607 -0.147
ELECTRICAL LIGHTING & WIRING.EQUIP (
CAPITAL -0.000 0.043 -0.043
LABOR 0.874 -1.286 0.412
RADIO,T.V.RECEIVING,PHONOGRAPH (40)
CAPITAL -0.082 0.770 -0.688
LABOR 1.225 =-1.224 =0.002
MOTOR VEHICLES (41)
CAPITAL -0.000 0.067 -0.067
'LABOR 0.287 0.000 -0.287
AEROSPACE “w2) |
CAPITAL -0.624 0.000 0.624
LABOR 0.000 =-0.467 0.467
SHIPS & BOATS (43) |
CAPITAL -0.243 0.193  0.050
LABOR 0.632 -0.613 -0.019
OTHER TRANSPORTATION EQUIP. (44)
CAPITAL -0.000 0.609 =-0.609
LABOR 0.718 =0.000 -0.718
INSTRUMENTS (45)
CAPITAL -0.000 0.187 -0.187
LABOR 0.746 -0.358 -0.388

SIGMA CSTSHR
* *
0.923  0.264
* *
0.118 0.366
* *
2.768 0.278
* *
0.331 0.202
* *
0.000 0.334
* *
0.464 0.415
* *
1.185 0.514
* *
0.394

0.476

FIT

23.7
11.8

14.8
2.6

22.1
13.3

34.7
23.3

42.4
9.6

33.2

4.4

D-5

RHO

0.513
0.863

0.525
0.301

0.565
0.546

0.510

0.981

0.506

0.616

0.610

04225

31.3

22.6 -

9.1

4.7

0.547
0.752

0.503
0.662



D-6

ELASTICITIES
PK PL PE  SIGMA CSTSHR FIT RHO

41 MISC. MFG. (46)
CAPITAL -0.000 0.070 =-0.070 * *  12.5 0.502
LABOR 0.330 -0.702 0.372 0.253 0.277 3.5 0.599

42 RAILROADS (47)
CAPITAL -0.010  0.014 -0.004 * *  13.5 0.522
'LABOR 0.572 -0.984 0.412 0.027 0.528 1.9 0.175

43 AIR TRANSPORT (50)

CAPITAL -0.000 0.008 -0.008 * *  23.9 0.522
LABOR 0.771 -1.071 0.300 0.020 -0.380 3.6 0.519

44 TRUCKING AND OTHER TRANSPORT (48,49,
CAPITAL -0.000 0.015 -0.015 " x  18.7  0.633
LABOR  0.142 -0.000 -0.142 0.034 0.431 2.5 0.580
45 COMMUNICATIONS SERVICES (53) |
. CAPITAL 0.000 0.001 -0.001 * *  16.2  0.523
LABOR 0.036 -0.155 0.119 0.002 0.414 4.0 0.842
46 ELECTRIC UTILITIES (54)
CAPITAL -0.000 0.001 =-0.001 * *  12.2  0.518
LABOR 0.105 -0.303 0.198 0.006 0.209 1.4 0.383
47 GAS,WATER & SANITATION (55,56
CAPITAL -0.734 0.000 0.734 * *  24.8  0.555
LABOR 0.000 -0.529 0.529 0.000 0.067 4.5 0.790

48 WHOLESALE & RETAIL TRADE (57,58

*

CAPLITAL -0.128 0.075 0.054 * 7.1 0.509

LABOR 0.132 -=0.352 0.220 0.1246 0.604 1.2 0.315



49

50

51

52

53

S4

55

PK
FINANCE & INSURANCE (60)
CAPITAL -0.000
LABOR 0.052
REAL ESTATE (61)
CAPITAL -0.118
LABOR 0.161

HOTELS & REPAIRS MINUS AUTO
CAPITAL -0.107
LABOR 0.020

BUSINESS SERVICES (64)
CAPITAL -0.000
LABOR 0.056

AUTO REPAIR (65)

CAPITAL 0.000
LABOR 0.086
MOVIES & AMUSEMENTS (66)
CAPITAL -0.173
LABOR 0.000

MEDICAL & ED. SERVICES (67)
CAPITAL ~0.144

LABOR 0.174

ELASTICITIES
PL PE
0.015 -0.015
-0.002 -0.050
0.014 0.104
-0.453 0.292
(63)
0.007 0.100
-0.039 0.018
0-013 -0¢013
-0.000 -0.056
0.005 -0.005
-0.354 0.268
0.000 0.173
0.000 -0.000
0.015 0.129
-0.315 0.141

SIGMA CSTSHR
* *
0.031  0.471
* *
0.177 0.080
%* *
0.012  0.595
* *
0.030  0.451
* *
0.020 0.247
* *
0.000 0.415
* *%*
0.026 0.581

FIT

10.5
1.4

21.1
7.9

16.2
1.9

8.9
2.5

15.5
4.3

17.7

4.3

7-0

0.500
0.235

0.505

0.720

0.501
0.394

0.506
0.552

0.501
0.590

0.508
0.79

0.509
0.290



APPENDIX E: ESTIMATES WITH SLOPE DUMMY FOR TREND IN 1970

ELASTICITIES

PK PL PE

FARMS AGR. SERVICES,FORESTRY,FISHERY

CAPITAL -0.421 0.121 0.299

LABOR 0.390 -0.223 -0.167
CRUDE PETROLEUM AND NATURAL GAS (4)

CAPITAL -0.161 0.000 0.161

LABOR 0.000 -1.378 1.378
MINING (2,3,5)

CAPITAL -0.240 0.010 0.230

- LABOR 0.152 -0.730 0.578

CONSTRUCTION (6)

CAPITAL -0.217 0.000 0.217

LABOR 0.000 -0.18 0.185
FOOD, TOBACCO (7)

CAPITAL -0.037 0.004 0.033

LABOR 0.024 -0.041 0.018
TEXTILES (8)

CAPITAL 0.000 0.202 -0.202

LABOR 0.630 -0.082 -0.548
KNITTING, HOSIERY (9)

CAPITAL 0.000 0.432 -0.432

LABOR 0.319 -0.353 0.034
APPAREL AND HOUSEHOLD TEXTILES (10)

CAPITAL 0.000 0.190 -0.190

LABOR 0.315 =0.155 -=0.159

SIGMA CSTSHR
*‘ *
0.608 0.200
* *
0.000 0.161
* *
0.029 0.337
* *
0.000 0.657
* *
0.031 0.133
* *
0.760 0.265
* *
2.124 0.203
* *
0.801 0.237

FIT

11.9
7.5

21.8

6.2

32.0
3.5

14.5
3.7

9.9
2.9

14.0
9.4

2145
3.9

12.7
5.2

E-1

RHO

- 0.502
0.725

0.604

0.476

0.802
0,357

0.524
0.490°

0.500
0.745

0.570
0.748

0.500
0.426

0.501
0.587



10

1

12

13

14

15

16

PK
PAPER (11)
CAPITAL - =0.003
LABOR 0.182
PRINTING (12)
CAPITAL 0.000
LABOR 0.216

AGRICULTURE FERTILIZERS (13)

CAPITAL -0.712
LABOR 0.840
OTHER CHEMICALS (14)
CAPITAL -0.233
LABOR 0.000

PETROLEUM REFINING & FUEL OIL (15,16

CAPITAL -0.251

LABOR 0.110

RUBBER AND PLASTIC PRODUCTS (17,18)‘

CAPITAL 0.000

LABOR 0.251
FOOTWEAR AND LEATHER (19)

CAPITAL -0.045

LABOR 0.142
LUMBER (20)

CAPITAL -0.000

LABOR 0.142

ELASTICITIES

PL

0.005
-0.161

0.052

-0.203

0.028
-1.236

0.000
"0 -105

0.005
-0.313

0.010
=0.615

0.061
~-0.003

0.026
-0.137

PE

-0.001
-0.021

-0.052

-0.013

0.685
0.396

0.233
0.105

0.246
0.204

-0.010
0.364

-0.016
-0.139

-0.026
-0.005

SIGMA CSTSHR
* *
0.020 0.242
* *
0.144 0.359
* *
0.256 0.108
* *
0.000 0.190 .
* *
0.120 0.042
* *
0.036 0.289
* *
0.18 0.331
* *
0.120 0.219

E-2

FIT

13.5

1.7

2.9

23.8

5.8

12.2
2.7

30.8
2.4

9.8
3.7

8.0
2.5

10.9
4.5

RHO

0.502
0.389

0.555
0.660

0.518
0.140

0.581
0.475

0.515

0.353

0.577

0.581

0.505
0.190

0.500
-0.018



17

18

19

20

21

22

23

PK
FUNITURE (21)
CAPITAL -0.000
LABOR 0.827
STONE,CLAY & GLASS (22)
CAPITAL 0.000
" LABOR 0.429
IRON AND STEEL (23)
CAPITAL ~0.000
LABOR 0.268
NON-FERROUS METALS (24,25)
CAPITAL -0.000
LABOR 0.596
METAL PRODUCTS (26) |
CAPITAL 0.000
LABOR 0.241
ENGINES & TURBINS (27)
CAPITAL 0.000
LABOR 0.682

AGRICULTURE MACHINERY (28)
CAPITAL 0.000
LABOR 0.974

ELASTICITIES
PL PE
0.211 -0.211
-0.826 -0.002
0.014 -0.014
~0.486 0.056
0.006 -0.006
-0.105 -0.163
0.009 -0.009
-0.876 0.279
0.020 -0.020
-0.444 0.203
0.040 -0.040
0.203 -0.203
-0.369 -0.605

SIGMA CSTSHR
* *
0.639 0.331
* *
0.045 0.319
%* %*
0.025 0.257
* *
0.049 0.191
* *
0.064 0.309
* %*
0.173. 0.228
* *
0.841 0.241

FIT

13.1
3.1

14.7

38.6

4.9

25.5
2.4

11.0
2.8

16.1
8.5

28.8
9.3

RHO

0.500
0.638

0.506
-0 -3 85

0.520
0.665

0.573
0.212

0.519
0.217

0.518
0.380

0.545
0.490



E-4

ELASTICITIES
PK PL PE  SIGMA CSTSHR FIT RHO
25 METALWORKING MACHINERY (30)
CAPITAL ‘ 0.000 0.047 -0.047 * * 18.8 0.513
LABOR 0.568 =-0.635 0.067 0.109 0.436 3.3 0.288
27 SPECIAL INDUCTRY MACHINERY (31)
CAPITAL - 0.000 0.053 -0.053 * * 22.1 0.509
LABOR 0.526 -0.790 0.264 0.145 0.367 6.0 0.437
28 MISC.NONELEC. MACHINERY (29,32
CAPITAL -0.000 0.091 -0.091 * * 11.2 0.500
LABOR 0.558 -0.769 0.212 0.262 0.346 2.6 0.247

29 COMPUTERS & OTHER OFFICE MACHINERY (
- CAPITAL -0.000 0.275 =0.275 * * 28.3 0.500

LABOR 2.114 -1.802 -0.312 0.890 0.309 9.7 0.635
30 SERVICE INDUCTRY MACHINERY (35)V

CAPITAL 0.000 0.101 -=0.101 * * 22.3 0.500

LABOR 0.700 -1.191 0.491 0.423 0.239 5.2 0.378
31 COMMUNICATIONS MACHINERY (36)

CAPITAL 0.000 0.504 -0.504 * * 19.8 0.539

LABOR 2.804 -=3.317 0.513 1.349 0.374 9.1 0.551
32 HEAVY ELECTRICAL MACHINERY (37)

CAPITAL 0.000 0.139 =0.139 * * 12.9 0.516

LABOR 1.111 -0.861 =-0.250 0.457 0.305 7.1 0.702



- E=5

ELASTICITIES
PK PL PE SIGMA CSTSHR FIT RHO
33 HOUSEHOLD APPLIANCES (38)
CAPITAL -0.000 0.459 -0.459 * *  24.3 0.508
LABOR 0.933 -0.905 =-0.028 1.737 0.264 22.0 0.980

34 ELECTRICAL LIGHTING & WIRING EQUIP (

CAPITAL -0.000 0.043 -0.043 * * . 14.8 0.525

LABOR 0.874 -1.286 0.412 0.118 0.366 2.6 0.301
35 RADIO,T.V.RECEIVING,PHONOGRAPH (40) |

CAPITAL -0.095 0.787 =0.692 * * 22.0 0.564

LABOR 3.560 -5.146 1.58 2.832 0.278 12.6 0.491
36 MOTOR VEHICLES (41D

CAPITAL -0.000 . 0.043 -0.043 * * 34.8 0.510

LABOR 0.411 -0.212 -0.199 0.213 0.202 14.8 0.962
37 AEROSPACE (42) .

CAPITAL -0.624 0.000 0.624 * * 42.4 0.506

LABOR 0.000 -0.295 0.295 0.000 0.334 8.1 0.512
38 SHIPS & BOATS (43)

CAPITAL =0.245 0.195 0.049 * * | 33.2 0.610

LABOR 0.624 -0.583 -0.042 0.470 0.415 4.4 0.204
39 OTHER TRANSPORTATION EQUIP. (44)

CAPITAL -0.000 0.609 -0.609 * * 31.3  0.547

LABOR 0.718 -0.000 -0.718 1.185 0.514 22.6 0.752
40 INSTRUMENTS (45)

9.1 0.503

*

CAPITAL -0.000 0.187 -0.187 *
LABOR 0.746 -0.358 -0.388 0.476 0.39% 4.7 0.662



41

42

43

44

45

46

47

48

ELASTICITIES

PL PE

0.08 -0.086
-0.629 0.256

0.015 -0.005
-1.016 0.404

0.008 -0.008
-1.101  0.291
(48,49,

0.015 -0.015

0.000 -0.142

0.003 -0.003
-0.000 -0.098

0.001 -0.001
-0.300 0.195

0.000 0.734

PK
MISC. MFG. (46) -
CAPITAL 0.000
LABOR 0.374
RAILROADS (47)
CAPITAL -0.011
LABOR 0.612
AIR TRANSPORT (50)
CAPITAL 0.000
LABOR 0.810
TRUCKING AND OTHER TRANSPORT
CAPITAL 0.000
LABOR 0.142
COMMUNICATIONS SERVICES (53)
CAPITAL 0.000
LABOR 0.098
ELECTRIC UTILITIES (54)
CAPITAL 0.000
LABOR 0.105
GAS,WATER & SANITATION (55,56)
CAPITAL -0.734
LABOR 0.000

-0.480 0.480

WHOLESALE & RETAIL TRADE (57,58)

CAPITAL -0.135
LABOR 0.148

0.08 0.050
-0.338 0.190

SIGMA CSTSHR
* *
0.310 0.277
* *
0.029 0.528
* *
0.021 0.38
* *
0.034 0.431
* *
0.007 0.414
* *
0.006 0.209
* *
0.000 0.067
* *
0.142 0.604

FIT

12.4
2.9

13.5
1.8

23.9
3.6

18.7
2.5

16.2
3.1

12.1

24.8
2.6

7.1

RHO

-

0.502
0.331

0.522
0.108

0.522
0.511

0.633
0.580

0.524
0.691

0.518
0.383

0.555
0.378

0.510
0.119



49

50

51

52

53

54

55

PK
FINANCE & INSURANCE (60)
CAPITAL -0.000
LABOR 0.052
REAL ESTATE (61)
CAPITAL -0.127
LABOR 0.290

HOTELS & REPAIRS MINUS AUTO

CAPITAL -0.107
LABOR 0.020
BUSINESS SERVICES (64)
CAPITAL -0.000
LABOR 0.056
AUTO REPAIR (65)
. CAPITAL 0.000
LABOR 0.086
MOVIES & AMUSEMENTS (66)
CAPITAL -0.174
LABOR 0.033

MEDICAL & ED. SERVICES (67)
CAPITAL -0.144
LABOR 0.174

ELASTICITIES
PL PE
0.015 -0.015
-0.002 -0.050
0.026 0.101
-0.449 0.159
(63
0.007 0.100
-0.030 0.010
0.013 -0.013
-0.000 -0.056
0.005 -0.005
-0.344 0.259
0.001 0.173
-0.009 -0.025
0.015 0.128
-0.315 - 0.141

*»

SIGMA CSTSHR
* *
0.031 0.471
* *
0.326 0.080
* *
0.012 0.595
* *
0.030 0.451
* *
0.020 0.247
*
0.002 0.415
* *
0.026 0.581

FIT

10.5

21.1

6.3

16.3
1.9

8.9

2.5

15.5
4.3

17.7
3.7

7.0

0.500
0.235

0.504
0.563

0.501
0.332

0.506
0.552

0.501
0.592

0.507
0.714

0.508
0.290
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