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FACTOR-FPRICE-FRONTIER ESTIMATION OF A
'VINTAGE' PRODUCTLION MODEL OF THE

POSTWAR U.S. NONFARM BUSINESS SECTOR

Bdmund. and Charlotte Phelps 1

We report here on the comstruction and application of a method of
estimating the parameters of an aggregative “vintage" model of “poyential"
output in the postwar U. S. nonfarm business sector. The model admits caﬁital—
embodied as well as unembodied technical progress. It posits that ex Egggrand ex
ante substitution possibilities between capital (of any vintage) and cooperating
labor are alike. There are constant returns to écale. Ultimatély‘we resort
for convenience to the Cobb-Douglas function, although certain estimates, such
as that of the marginal productivity of investment, do not hinge on this
specification. Theoretical aspecte of the model have been studied by Solow
[10] and Phelps. [6]. The model has been estimated by a conventional method

most recently by Berglas [1].

The principal novelty of our method of estimatlion is the use of
Samuelson's factor price frontier comstruct [9]. This approach permits us
to dispense with capital stock data. The virtue of this is that, frequently,

capltal stock estimates are unavailable becsuse of the absence of early investment

1. This study.was supported by the Cawles Foundation and the Economic
Growth Center, both et Yale University. The work is also an
exploratory effort in a joint project, Future U.S. Economic Growth
(FUSEG), of M.I.T. and Yale. We are grateful to the members of the.
FUSEG project for their suggestions and comments on this study.
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data. Moreover, as Filsher has recently pr&ed [3], an aggregate production
function relating sggregate output to aggregaté- "effective capital® exists,

even in a one-product model, only if ex post and ex ante substitution possi-
bilities are alike anu any cepital-embodied technical progress can be represented
as solely capital-augmenting (i.e., as if all capitel-embodied change could be
expressed by a capital "impro{}ement factor”). Since capital stock data for

the U. 8. business sector are available a.né.ﬁsince, in our model, there is

ex post substitutability and embodied progress can be descri‘b_ed as capital-
augmenting, our methed of estimation can be regarded as unnecessary. We present
-it, however, in the hope that other investigators will be'sti#xulated to apply our
method to more general models in which an aggregate production function does not
exist and to countries for which no capital stock data exist. Further, we hope
that our results vrilll be welébnied for purposes of comparison with those from other

techniques of estimating the same model.

Turning to our results, we shoald like to emphasize that our statistical
procedure is somewhat amateurish, that the dafa may be ;E.n%u.fficiently a.ccuréte
and that there is serious mis-specification in the model (e_specialfly with respect
to the ézc_ post substitutability of capital and labor). Névértheless we ci‘be“the
following find.iﬁgs for whatever they are worth: (1) the rate of technical |
progress increased significantly over the postwarﬁpériec} (a_cgelera:bing technology);
(2) tne capitai élas'ticity of output is much smaller than capital's relative share,
w‘h:ich suggests th&b there ls a large element of moncpoly rént in capital‘'s income;
(3) embodied progress was negligible in the early postwar years but eventuaily
exceeded unembodied progress by the end of the peri;)d.; (4) the marginal

broductivity of investment began at about 30 percent in.the late forties,



fell to 17 percent in the middle fifties and recovered to 25 per;ent in the
late fifties; (5) what we call the rate of obsolescence (the proportionate

rate at which fhe price of new capital goods in efficiency uhits declines
relative to the price of consumption goods) was about 5 percent in the middle
fifties and 9 percent iﬁ the late fifties; (6) so that, if the rate of physical
depreciation was about k percent,.the one-périod social rate of return was

about 8 percent in the middle fifties and sbout 12 percent in the late fiftiés7

(See Tables 3, 6, 7, 8 and 9.)

THE MODEL AND ESTIMATION METHOD

Aggregating a Two-Sector Model

We imhgiﬁe an econom& in which there are two products, consumpbion goods
and investment goods {"machines™), and two kinds of inputs, labor and capital
goods (machines of verious vintages). The output of congumption goods, C(v, &) ,
producéd.by-machines of vintage v 'at time %, 3%(v, t) , and coope;ating

labor, Lc(v; t) , is given by the production function
(1) ¢lv, t) = F(M,(v, £) , I (v, t) 5 ¥, t)

which is linear hdmogeneous (constant returns to scale), twice differentiable
(smooth marginal productivities) and strictly concave in both arguments

(diminishing marginal productivities).

The rate of output of machinery, M(v, t)} , produced by machines of

vintage v at time t , i&gv, t) , and cooperating lebor, Iﬁév, t) , is



T
given by an almost identical production function
(2) Mv, t) = R(t) F(M (v, t) , Lfv, t) 5 v, t), R(t) >0

(Note that M(v, t) dis input and M(v, t) is output.) If R'(t) >0 then
ﬁnembodied progress is proceeding faster in the machinéry sector -f:han in the
consumption-good sector, and vice-versa if R'(t) <0 . This differential rate

of unembodied technical progress is the same fér‘ all vintages.

We suppose that machines of any vintage can be shifted fro_m cne sectjqr
to another. As a consequence of this, it can be shown that the marginal rate of
transformation between the consumption good and machinery at any moment of time
is e constant, R(t); that is, the cost in consumption goods of producing an
extra machine is ‘R(t)-l . This linearity of the production-;possibility curve
is required for the aggregation of our vintage production functioms, (1) and (2),

into an “aggregate” vintage production function. Aggregation will be discussed
shortly.

The value of total output, Q(v, t) , from total machinery of vintage ¥
at time t , M(v, t) , and total cooperating labor, L{(v, t) , is defined as

follows:
(3) q(v, t) = c{v, t) + q(t) Mlv, t)

when q(t) 1is the price of new machinery in terms of consumption goods. As

already suggested and as will be shown, the competitive price of new machinery

will be R(wl-,)"l .



-5 -

To close the model we have the additionsl relations:

Y L, (v, 2) + Lylv, t) = L{v, t)

(5) M, (v, ‘65 + M (v, t) = v, ti

(6) | wjt L{v, t)av = L(t) | |

and

(7) M(v, t) = o(t-v) M{v) ¢'(t-v) <0 .

The last relation indicates how machinery of vintage v has deteriorated up to

time t ; M(v) is the rate of total machinery output at time v .

There are also the aggregate relations
t
(8) ¢(t) = [ ¢lv, t)av

T
(9) M(t) = [ M{v, t)av

which give total consumption snd machinery output. The value of aggregate
output is given by

t
(10) Q(t) = [ afv, tlav = ¢(t) + a(t) M{t) = ¢c(t) + I(t)

00

where I(t) is the value, in terms of the consumption good, of total gross

investment in new machines.

Finally, for given C(t), we have to allocate inputs between the two
sectorsand allocate lsbor améng the vintages of machinery. We suppose pure

competition so that lahor allocation is determined by the relations:



Fo (W (v, t) , L (v, t) 5 v, t) =w(t) if chv’f,'t? >0
e " - Sw(t)  if L v, t) =0
(11) L ‘

=w(t)  if Iyly, £) >0

a(t) R(t)Fngbﬁ(v, t) LMFVS t) 5 v, % <w(t)  if Ly(v, 4) = 0

Thus the marginal value product of labor in each sector egquals the real wage
rate, w(t) , for all those vintages being operated and is less than or
equal to'the wage rate for other vintages. Hence the marginal value produch

of labor will be equalized wherever labor is being used.

For machinery of given vintage, its marginal value product in each
sector is equalized, being equal to the rental on machinery of vintage v at
time t , r(v, t)2

(12) Fﬂc(ﬁc(v, t) , Lc'f"’ t) 5 v, t) = q(t) R(t)F%ﬁ“ﬁM(v, t) 5 Lylv, t); v, t)

= r{v, t)
As a conseguence of (11} and (12), the following least-cost conditions

are satisfied for any utiliéedrvintage:A

Fy Rt )P P

(25) rvftt} =Fc R FMM = FMM
- Le i‘ﬂ n Ly

Since the marginal rate of substitution between labor and machines of any

given vintage is the same in the two sectors and the isoguants for the vintage
production functions have identical shapes, it follows that factor intensities

will be the same for any utilized vintage in the two-sechors:



- 7 =

—N-IM(V‘, t) ﬁc(v, t)
(2%) LV, ) = 'ﬂ(;(v,"tj‘
Tt can now be seen that q(t) = R('b)-l . For, by (14) and the linear

homogeneity of the function F , i

(15) ¥ =T and Fo = ¥F-

T Iy M My
for all utilized vintages of machinery. And the relative price of new
machinery is equal to the ratio of the merginal physical productivities

of labor (or, equivalently, of machinery):

- -1
(26) alt) = R - R(tSFﬁM = R(t)

Hence the price of new machinery is the reciprocal of R(t). And the behavior

of the model, given C(t) , is determined.

It will be shown now, following a line of argument due to Green [4],
that it is possible to construct an asggregate vintage production function.

First, we have, by (1), (2) and (3)

(17) Q(V: t) = F(ﬁc(‘?, t): LC(VJ t) ;s v, t) + Q(t) R(t) F(.ﬁm(vg t) 3 LM(V: t):' v, t)3

or, by (1—6) 3
(18) Q(V, t) = F(ﬁc(v; t) , LC(V, t) 5 v, t) + F(‘].TIM(V, t) , LM(V: t) 5 v, ) .

Now, by (14), there is a number c(v, t)} , '0<e¢ <1, such that

M (v, ) = c(v, t) Mlv, £) , L (v, t) =eclv, t) L(v, t) s

(19)
' ﬁM(v’ t) = [l"C(V: t)] E(V‘, t) , I'M(v’ t) = [1"0("": t)1] L(V; t) .



Hence

(20) alv, t) = Ple(v, t) My, t) ,clv, ) (v, t) ; v, )

+ P({1-c(v, £)] (v, t) , [2-c(v, £)1 L(v, £) 5 v, ) .
By virtue of constant returns to scale we have:

(21) olv, t) = c(v, t) F(M(v, ) , I{v, t) ; v, t)

+ [1-c(v, t)] F{M(v, t) , L(v, t) ; v, t) .
Hence we obtain the aggregate vintage function:
(22) Qlv, t) = F(M(v, t) , Llv, t) ; v, t) .

This result and {10) yield the following eéuation for aggregate ocutput:
t
{23) (t) = f F(M(v, t) , L{v, t) ; v, t)av

- .

By (7) and (10) we also have
(24) Mlv, t) = o(t-v) M{yv) = o(t-v) I(v) q(v)"l = &(t-v) R{v) I(v)
Hence, in terms of the value of investment,

t
(25) a(t) = [ F(e(t-v) R(v) I(v)} , L(v, t) ;5 v, tlav .

g _

We may regard the increase (with respect to v} of R(v) as quasi-capital-embodied
technical progress at time v {of the capital-augmenting type), noting that

R*(v) <0 1is just as possible as R!(v} >0 ; that is, recent T(v) may

receive a larger or smaller weight, R(v) , than old I{v) . (We say "quasi”

because 0(t-v) I(v) 1s not physical cepital; R(v) merely translates the
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velue of investment into a physical capital quantity.)

It will be convenient to express the above equation in the form:
%
(26) (t) = [ e(e(t-v) I(v) , L{v, t) ; v, t)av

w0 .

Here the argument v does double duty: it translates I(v) into physical
machinery units and then sllows for differences in the character of machinery
of different vintages. It shéuld be recognized thal because quasi-embodled
progress may be negative, there can be no strong presumption that gE;—_E-O »

that is, that true embodied plus quasi-emﬁbdied progress is nonnegative.

Finally, we edopt the notational convention
(271) K(v, t) = o(t-v) I(v) , @0)=1,0¢' <0,

where K(v, t) 1is the velue of the investment at time v , depreciated up
to time t . Then

t
(28) (t) = [ o(X(v, t) , L(v, t) ; v, t)av

-

The Marginal Productivity of Investment

Our method of estimation involves the marginal productivity of investment
(in value terms). This concept indicates by how much the value of output
tomorrow will be increased by a one ﬁnit reduction of consumption today.
From (28) we have

toac

a-_i_:dv

(29) a(t) = G(K(t, t) , L(t, ©) 5 &, ) + [
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By counstant returns to scale we obtain

(50) at) = G X(t, t) + G L(t, t)

t b t
. OI{v, %) OK(v, t
+ [ G, 1t dv +ﬂwj G, dv + m}‘ Gy ——%J—l i—~ av

- -

Since the marginal productivity of labor is equalized on all utilized vintages,

. t N
(31) aft) = G K(t, t) + G I:L(t, t) + f Q-%%-ﬂ &xJ
, ft e & t oK{v, t)
v ! Gy '"45%"—7 dv

- it

. E v K(v, t
= GK K(t, t) + G L(Jg) LJ G dv J:mj G =3z dv

The third term represents unembodied progress and the last term physical
depreciation. Suppose that unembodlied progress 1ls Hicks neutral and occurs
at the constant exponential rate p . And suppose that depreciation also

occurs at the constant exponentisl rate & , s0 that

éﬁggé—gl = - & K(v, t) . Then
* - t
(G2)  alt) = G K(t, t) + 6 I(t) +nQ(t) - & [ G K(v, t)av

The integral in {32) is total quasi-rents accruing to capital. Hence, if we
let at) denote capital's relative share in gross income, and, further, let
p(t) dencte GK > the marginal productivity of current investment, and
substitute w(t) , the real wage rate, for G, » the marginal productivity
of labor, we finally obtain
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(33)  alt) = p(t) I(t) + w(t) L(t) + [u - a(t) 8] Q(t)

This is a result of considerable generality. We first saw it derived
in unpublished work by M. E. Yaari. (See [7] for use of this relationship.)
It has been derived, on a certain conﬁinuify assumption ensuring that the wége
rate measures the average product of labor on marginel machines, for “putty-clay”
or no-ggfgggggsubstitutability models by G. Pyatt in unpublished work. In an
important specinl case of the above, rather general model, iﬁ which special
case all embodied progress is purely capital-sugmenting so that there exists
an aggregate production function containing an aggregate effective capital

stock, the result is easy to dcrive,2

In principle, p(t) , the marginel productivity of investment, is directly
observable since it is equal to the rental “rate™ on new machinery, r(t, t)/q(t)

under pure competitien. In practice, we neéd andther method of calculétingN p(t) .

2. Buppose
Q(t) = " F(3(t), 1(t))

where

J(t) = _rt e'a(t"‘") B(v) I(v)av .

=0

Then

i

&(t) = p Qt) + &*F Fs J(t) + Mt F L(t)

pt

" é(t) + M L [Btt) I(t) - & Jt’cj] + U E i.(t)

©Foat)
- Q(t)"“"“ 8] Q(t) + [ et FB(t)] I(t) + ¥ FL L(t)

it

o - a(t) 8] Q{t) + p(t) I{t) + w(t) L(t)
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We use (33) for this purpose. Ietting p(t) =p - a(t)d we obtain from (33):

(%) p(t) = HE)- me%gT_) - ¥(s) (o)

Now ours is a full-employment model and p(t) is a full-employment concept.

If we can cbserve or synthesize observatioﬁs of such a full-employment economy,
everything on the right-hand side of (3L) will be directly observable except
p(t) . TIn the next part we construct a full-employment picture of the economy.
Oﬁr'procedure, then, as will be seen, is to take alternative, constant values
of p and compute the p{t) time series corresponding to each p . These

p(t) series can be used to‘estimate the parameters of a specified vintagé

production function,

The Factor Price Frontier

In order to estimate the parameters of the vintage production function,
we have to specify the form of that function. We assume that this function is of
the Cobb-Douglas form:
(55) A, ©) = v (@50 1600 (5t 80
where B(0) = 1 and restrictions upon B(t)/B(t) will be introduced
shortly. aé(t)/B(t) measures what was earlier called "true embodied plus
quasi—embodied‘prégress.“ Since I(v) is the value of investment at time v
in terms of consumpbion goods, i.e.; money capital outlays deflated by the
price of consumption goods, B(v? could decrease with v rather than increase
with v . (This point was made earlier in connection with (26).) The algebraic

rate of increase of B(t) is a measure of the rate at which the relative price
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of new capital goods is falling when "quality improvement" of new capital

goods .is taken into account.” We shall call B(t)/B(t) the rate of obsolescence,

3, This is not to suggest that the phenomenon of Ycapital-embodied”
progress ig generally just a matter of correcting capital-goods prices
for quality change. This is true only if embodied change can be
expressed as "capital-avgmenting,” as in (35). It is fallacious to
think that all capital-embodied progress is necessarily capital-
augmenting.

though it is due not only to quality improvement of new capital goods but also

to differential unembodied progress in the capital-goods sector.

Qur selection of the Cobb-Douglas function, with its property that embodied
progress cen be described as capital-sugmenting, permits the construction of an
aggregate production function. But we meke no use of this fact in deriving
the factor price frontier, which would exist for vintage production functions

other than the Cobb-Douglas.

From {35) we have

" 04 1
(36) a(t, t) = v, & (B(t) k(t, £)) (L(t, t))

where K(t, t) =e

-5(t-t) I(t) = I(t) . From this relation we can derive the factor

price frontier relating the wage rété to the marginal productivity of investment.

From (36) we obtain
-1
t
(57) p(t) = SHEH - av P pe) <—§%—t%> .

o4
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To obtain the relstionship between w(t) and p(t) we derive from (37)
the equation | o

oo, 2 & =
1-& elﬂa al'-a B(t)l—a P(t)l—a

Kt, ©
(39) T t) =V

(o]

and substitute this into (33) to obtain the factor-price frontier equation

1 1 -Cf
(x0) w(e) = [0 (1-a) % v 1 T [ p(e)®) 1 p(e)

This has the inverse relation between w(t) and p{t) characteristic

of all factor price fromtiers.

A variant of (LO) with which we shall work utilizes the fact that in

our Cobb-Douglas worid:

(21) w(t) = (1-0) %1(’,% .

From the last two eguations we obtain

2 R
(h2) SORICA RIS Cal Ot Ol

Concerning B{t) , the simplest assumption is
(43) B(t) = &°

Then Q(t)/L(t) grows exponentially at rate ]_1—1—{336- for a constant p(t)

(as would be the case in a golden age).

A weaker assumption allows for increasing or decreasing embodied

progresss

(1) B(t) = ¢ F n®
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Either assumption leads to a convenient linear-logarithmic relationship

between Q(t)/L(t) and p(t)} for regression purposes. On the first assumption,

(43), we have

(45) .ﬂn—{—‘g' £n(a v,) }‘—iﬁﬁ- t - i‘" fn p(‘b)

And, on the other assumption,

Q(t) _ /E rap f' v).2 _a |
(46) fn f&% zn(a v, ) + t + _a t -3 0 p(t)
The estimation procedure can now be described. For eéach p we calculate
a p{t) series. We then regress % : on each p(t) series. We choose

that p which gives the best fit. This optimal regression relationship yields
direct estimates of &, v ahd- Vb . CGiven the best p=p - & 8 and assuming
that & = .04 , we can infer p . Knowing p and o, we can infer P . Thus

all parameters but & are identified.

THE ACTUAL AND 'POTENTIAL' DATA

The economy for our empirical purposes was the business sector excluding
government enterprises, residential housing, and farming (including farm land
rents to nonfarm landlords). The business sector is the total ecoﬁomy minus
"general government' (which excludeé public enterpfises), "households and

institutions™ and the "rest of the world."

The pertinent data for this sector are shown in Table 1. The investment
series includes the average annual amount of inventory investment, $2.7 villion,

in the period 1947-1962. The underlying investment expenditures in current
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Table 1: Actual Data

Year t Q I W H u

19k7 -7 209.7 28.9 1.3k 90.9 3.6
1948 -6 216.0 29.6 1.36 92.2 3.8
1949 -5 212.5 26.8 1.41 87.7 6.1
1950 -k 233.2 29.9 1.49 90.7 5.3
1951 -3 251.7 31,7 1.52 9%.9 3.4
1952 -2 258.% 32.1 1.58 964 3.0
1953 -1 270.6 33.9 1.66 98.1 2.9
1954 ) 262.6 32,5 1.70 95.1 5.6
1955 1 288.4 36.3 1.75 99.6 4.3
1956 2 204.% hO.T 1.79 102.0 4.0
1957 3 299.7 Lo.7 1.84 100.7 4.1
1958 L 289.7 32.8 1.87 95.8 6.5
1959 > 31h.7 35.0 1.95 98.9 5.1
1960 6 321.4% 37.8 2.03 98.8 5.1
1961 7 323 ,2 36.h 2.08 97 .4 6.2
1962 8 349.8 39.0 2,14 100.3 5.0

 t: time variable

Q: output in billions of 1954 dollars; see Appendix, Table 1,

I: investment in billions of 1954 dollars; see Appendix, Table 2.
w: hourly wage rate in 1954 dollars; see Appendix, Table 3.

H: Dbillions of manhours; Council of Economic Advisers.

u: unemployment rate in percent, among experienced nonagricultural workers; B.L.S.,
Employment and Earnings, Annual Supplement, Table SA 30.
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-dollars have been deflated not by the price index for capital goods but
rather by the implicit price deflator for the output of the sector as a
whole., This is in the spirit of the model which evaluates Investment in
terms of consumption goods, i.e., which deflates investment outlays by the

price of consumption goods.

Unfortunately these date cannot be used to estimate ocur model without
seriously biasing downwards the capital elasticity estimate. The model
predicts that a one percent increase in employment will produce only a (1-cx)
percent increase in output; the evidence shows that output will increase by '
some 3 percent if initially there was conslderable unemployment. Students of
this phenamenon have inferred that there is little or no ex post substitutability
between cepital and labor, that when there is sizeable unemployment of labor
there 1is typically underutilization of capitsl goods, even new capital goods
(which contradicts efficient competitive behavior in existing vintage models),
énd that corresponding to every kind of plant and eguipment constructed theré is
a certain minimm, “overhead" amount of labor necessary if there is to be
positive output at all, Our model falls to specify these phenomena: ex post
substitutability is the saite in our model as ex ambe, which implies, given no ex ante
overhead labor, the absence of ovefhead labor ex post end also, given pure
competition, the full utilization of all new capital. {In our Cobb-Douglas case,
efficiency demands that all vintages of capital be used.)  We sought to
minimize the biases resulting from these mis-specifications in the model by
confining ourselves to "synthetic" observations of the ecénomy at full
capacity. But it should be emphasized that a superior procedure would have

been to work with a correctly specifiled m.odel.1+

k. The present model does not correctly estimate the parameters of a"putty-
clay™ model lacking ex post substitutability because (36) implies equality -
of the real wage rate and the ex ante marginal productivity of labor on new

machinery, unlike the situation in putty-clay models. See Phelps [8] for
some economics of this kind of model.
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Our task then was to synthesize observations of “potential"” or full-
capacity output, and also observations of potential ma.n-;hours and—the wage

rate.

We define potential output to be the output that would have occurred
had there been a 3 percent unemployment rate. To estimate potentlael output

we followed a procedure not unlike that used by' Okun [5].

First, the ratio of actual to potentisl output, Q(t)/Q(t) , was

assumed to be the following function of the unemployment i'a‘l}.e: ‘

(¥7) alt) Erhu(t) + su(t)®
Q(t) ' o

Where g was chosen so that Q{t) = Q(t) when u=3.0.

Second, for purposes of estimating h and J , it was assumed that

the potential output path is the following function of time:

(x8) alt) = eb+c‘b-i-dt24*ft5

Hence

(49) Q(t) = a(t) us) = e’°+cf+dt2+ft3+g+hu(t)+au(t)2
— Q(t) : .

or

(50) i Q(t) =D+ g+ ct + at> + £t2 + hu(t) + Ju(t)®

Upon estimating this regression equation, we obtained

(51) 20 Q(t) = 5.2336 + .0505t - .0027t2 + 00008t + .0366u(t) - .0066u(t)2
(,0067}  (.0009) (.00003) (.0232) (.002k)

R = .9986
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where R 1is the correlation coefficlent and the numbers in parentheses are
the standard errors of the coefficients.
The coefficlent g was obtained from the requirement that
g+(5.0)+5(3.0)%
(52) es T = 1 g

g = - 050k

Q(t) was then calculated from Q{t) and (45), that is, from the

formule
(53) q(e) = qs) [em 050k *+ -0366u(t) - .0066u(t) I

This calculated Q(t) series is shown in Table 2,

The potentiel wage rate, w(t) , i.e., the wage rate that would have
prevailed at sn unemployment rate éfij percent, was estimated in the same way.

The regression egquation is
(54) in w(t) = (brg) + ct + at® + £t° + mft) + gu(t)? .

The estimated equation is

(55) in w(t) 2196 + .0428t -.001262 & ,00003t° + .0107u(t) - .00Lhu(t)®

(.0067) (.0009)  (.00003)  (.0231). . {(.0024)_ .
R= .,9985

The coefficients of u and u2 are not significant but we carried out the

calculation of w(t) enyway. From the reguirement that

e 2
&(5.00+5(3.007 _ 3 o piculated that g = - .0195 .
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Then w(t) was calculated frem the formmula

(56) F(t) = w(t) [e~.0195 + .leTu(t) - ;OOIhu(t)E]—l |

This series, shown in Table 2, does not differ much from w{t) .

To compute ﬁ(t) s the man-hours that would have been worked at 8
3 percent unemploymexnit-rate , we followed an almost identical procedure. Here

> 3

it was found that v was significant and that + .was not. OCur estima-ted‘

regression equation was
(57) st E(t) = 3.952 + .0188t - .0006t% + .5710u(t) - .0813u(t)Z + .005ku(t)’
(.0018)  {.0001) (.1120). . (.o246). .  (.001T)

R = .9895

X 2 3
From the requirement that eg+h(3 «0)+3(3.0)"+x(3.0) = 1 we found

g =~ 5271 . Then EH(t) was calculated from the formla

(56)  H) = u() [or TP IO - 0B ¢ 00sla(s)’ 1

This series is also shown in Table 2.

Of course, since our object was to explain {the growth of potential
oubput in terms of time (technicel progress) and actual investment expenditures,

there was no sdjustment of the I(t) serles.

We then computed the potential marginal productivity of investment,
p{t) . Even though our potentisl Q(t) , w(t) and H(t) series are fairly
smooth, compubation of p(t) from (34) using anmual changes of .Q(t) end H(t)

produces a very ragged series of p(t) . We elected to compute p(t) from



Year

1947
1948
1949
1950
1951
1952
1953
195k
1955
1956
1957
1958
1959
1960
1961
1962

- 2] =

Table 2: 'Potentisl! Data

Q

210.6

2174

228.6
243,2
252.3
258.3
270.5
276.8
292.8
297.2
303.1
317.5
326.1
333.0
349.2
361.4

28.9
29.6
26.8
29.9
31.7
32.1
33.9
32.5
36.3
kO.7
Lo.T7
22.8
35.0
37.8
36.4

139.0

R4

1.3k
1.36

1.42

1.k9
1.52

1.58

1466 -

1.71
1.75
1.79
1.84
1.89
1.95
2.03
2.10

2.1k

2=

90.3
91.7
93.5
9.5
9h.3
9.1
98.1
100.1
100.2

101.8

- 100.8

102.5
102.3
102.2

104.0
103.3
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three-year differences of Q(t) and H(t) . In particular, p{t) 1is

computed from the formila

_ t+2 _ _
AQ(t) -p = Qv) - Ve A
- ' y ve=h _
(59) p(t) = 15 ;
vat

where

A T(t) = Qtﬁ) ;agw) - &) 23

ARt =

H(t+3) + B(e+d) _ H(t) + H(tn)
2 2

Note that p(t) is a kind of average pf marginal productivities between 1 and
t+3 . Because of the off-center character of AQ and AE here, our p(t)
series may be biased = upwards slightly. But it is hoped that they are accurate

enough. Table 3. shows p(t) series for selected values of p= p - ab .

The table »éhws that if we assume rapid unembodied progress relative
to depreciation, so that ‘p is large, then little of the growth is a‘i:tributable
to investment end D(t) is small. Our owmn a REELQZJ; notions of Dp(t) eand
this table suggest to us that values of p a8 low as -.02 or ag high as .02
are implausible. The'behavior of E('ﬁ) over time, for given p , accofds with
our expectation that considerable caﬁital-deepening oceurred in the early postwar
period end that the slackening of investment after 1957 led to a recovery of p(t)
in the (lest) interval, 1958-1961. These series do not "predict" investment
behavior very well; possibly Vthe degree of capacity utilization is a more
importent determinant of actusl investment. But p{t) less depreciation
and obsolescence rates {the competitive yrivate and social rate of return) is

Presumably an important ‘determinant of "potential® investment.



Year

1947
1948
1949
1950
1951
1952
1953
195k
1955
1956
1957
1958

Table 3:

- 23 .

'Potential! Marginal Productivity of Investment

p = -.02

. 496
.h8g
k29
-359
384
<413
587
367
+359
4ok
R
. 479

p=-.01

419
409
37
278
<304
w331
305
.288
283
323
346
.386

p=0

3k
<589
265
.198
.225
.250
.22k
.209
.207
.2h3

.29k

p = 3005

.30%
.289
224
157

.185
.209
.183
.169
.169
.203
215
248

p = .01

265
.29
183
W17
<145
.168
142
.130
131
.162

172

p==.02

.188
.169
.101
057
065
.086
.060

»109
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THE RESULTS

One procedure would have been to use (U5) or (46), replacing Q(t)
vy a(t) , L{t) by H(t) and using p(t) . But since Q(t) and H(t)

may be somewhat unreliable, a superlor procedure, we belleve, was to assume

that
(60) Q(e)/B(t) _ e+hult)}ryuls)?
Qe)/a(t)
or 7 |
(61) m Q(E)/H(t) = £n G(t)/H(t) + g + hu(t) + Ju(t)?

Then, using (45), we have

(62) mQe)/u(e) = g + 155 ()

+ mft) + u(®)FEELL)e - & B(x)

The remaining problem was that perhaps p{t) is related not to
Q(t)/E(t) but to @Q(t+1)/E(t+i) where 1 , the lag, may be 1, 2, or even 3.
This possibility occurs because our computed p(t) is an average of merginal
productivities between t and t +35 . 8o we éxﬁlored this possiblllity in our
regressions; we also tried i = - 1 in the (realized) hope that this would be

inferior to i >0 . (Of course, if Q(t)/E(t) is lagged, so is wu(t).)

The results of using (62) for lags i =-1,0,1, 2, 3 and
p = - .Oé » =01, 0, .01, and .Oé can be reported briefly. For every p ,
the regression of Q(t)/H(%t) , rather than Qt+i)/H(t+i) , 1 =-1,1,2,3 on
?(t) gives the best fit. ILags do not appear to be desirable. BSecond, the
"pest” p , from the point of view of R, the correlation coefficient,

wag p = .02 . The estimated regression equation for i =0, p = .02
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is the following:
(63) in Q(t)/H(t) = J967 E 038)u(t) + 003 u(t) + .024h t -.0%32 n p(t)

(.002) (.001) (.006)
R = ,9969

While the coefficient of fn B(t) , which is - 7= , is significantly
less than zero, as it should be if o >0 , no one would sgree that « is on
"the order of .05 . The coefficients of u and u2 are algo unsatisfactory;

they are insignificantly different from zero. The only credible éstimate

+ O

here isthe time coefficient, o

. According to (61), productivity
would have increased at 2.l percent per annum had w(t) end p(t) been

constant; this is the “golden-age® growth rate of prédﬁctivity.

Probably the explanation of the disappointing results in (63) is
that, were technical progress really constant, the steadiness invthé growth
of potential productivity in the face of the sharp rise in i(t) toward the
end of the period (due to the slackening of investment) could only be
explained by attributing little importance to p(t) , that is, little

importance to capital.

Let us then drop the assumption that technical progress is constant and
allow for the possibility of increasing or decreasing progress as shown

in (k6). Equations (46) and (61) yield the new regression equation

(64) i Q(t)/H(t) = g + L m (aav )

1-a

+ hu(t) + Ju(t) +< )t +< v) G_ CD £n p(t)



- 26 <

Once sgain we found that Q(t)/H(t) (and u(t) ) without lag or
lead correlated best with p(t) . The estimates for these unlagged equations
are shown in Table 4. We tried p = .005 thinking that the optimum might
lie between p =0 and p = .0l . As the F ratios in that table indicate,

p =0 gives the best fit.

A likelihood ratio test of the “alternative" hypothesis that 2 adds
significantly to the explained variation of the dependent variable and that p = 0
against the null hypothesis, (63) that t2 does not add significantly and that
p = .02 passed at the 95 percent confidence level, indicating that the model

with te is superior.

The chief effects of introdueing t2 are to increase the absolute
value of the fn p(t) coefficient (thus increasing @) for every p ; to

2

decrease the velue of p which gives the best fit (from .02 to 0); and to
increase the significance of the u(t) and u(t)2 ‘coefficlents. The t°
coefficient, which is statistically-significant, indlcates that the rate of
technical progress of the embodied kind was increasing over the period of

obgervation.

Our last step was to introduce u(t)5 into the regression equation

in the hope of obtéining a significantly tighter fit. Ouxr new equation is

(65)  ma(t)/u(e) = g+ T n (o)

+ () + ju(t)® + k() + G{“‘g‘é t +<£f‘:§>t2' o5 4n B(t)



Table 4: Estimation of Equation (64)

Constant }
] 8 v -0
P term h 3 oo lea f L-d l-a R ¥
-.02 .918 -.083 .0081 : .019 ; .001k ~.2h7 L9975 225.0
(.031) (.00%2) (,003) f(.oooa) (.0o7h)
; i
-.01 .89k -.079 0076 . .019 f 001k -.212 .9978 273.7
(.027) i(.0028) {.003) ;(.0007) (.055)
0 889 -.075 | L0068 | .0l9 | ..001k .16k .9980 301.6
(.025) i(.0025) i(.002) :(.0006) (.ou0) ! |
. _ : ? f
.005 .896 ~.068 ¢ L0063 | .019 ¢ .0012 | -.134 9980 | 300.0
(.o24) ;(.0025) 1(.002) g(.ooo6) ; (.033) - _ | |
? - %
.01 .908 -.062 - .0057 . .019 | .0011 -.105 .9979 288.3 §
) (.024)  (.o02k)  (.002) '(.0006) (.026) - ;
% .02 .963 -.051 . .O0L6 f .022 © L0006 - .0k .997L 231.8
; (,0026)

(.025)

f(.ooe)

(.0005)
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Table 5 records our estimates of the coefficiemts of this equation, The
clogeness of it is rether insensitive to p but the best fit oceurs for
p = .005 , which is about the same value of p as was best for the-previous

model without u(t)5 .

A likelihood ratio test of the hypothesis that u(t)5 is significant
and p = ,005 against the null hypothesls that u(t)5 Eas no influence and

p =0 passed at the 99 percent confidence level.

While Teble 5 does not give much confldence thet p = .005 , this is =
reasonable value and we shall draw this conclusion for purposes of 1llugtration.
The Cobb-Douglas parameters are shown 1in Table 6 on the assumption that

8 =.0b; Vv is
QO

Table 6: Estimates of the Cobb-Douglas Parameters

e} oo u=p+ad OB g v Vb

.005 .130 .010 .0065 .050 .006 2.h2

computable from the convention that g + hu + ju2 + ku§ =0 for u= 3.0,

from which we obtain g = - .387 .

There are two results that are suspect in Table 6, First a is only
+15 while Denison [2] suggests that capital's relative share (excluding land)
is .25. In our ex 3953 substitutability model (but only there), @ will equal
capital's share under pure competition. Therefore, if our estimate of @ ig =t

all near the mark, there must be a very large element of monopoly rent in



Table 53

Estimation of Eguation (65)

! | Constant ! ! pt+ap av - a
L p i term h 3o k1l | l-a l-a R F
| : ? )
-.02 535 ¢ .180 -.051 | .00k .020 L0011 | -.259 .9978 191.7
{.251) (.056): (.00k) g (.003) (.0008)| {.07h4)
% -0 1 kb6 §'.227 -.061 ?’ .005 ? .019 0011 | -.226 .9985 269.1
; ; I(.Elj) (.o88): (.003) (.002) | (.0007){ (.051)
: ! : : ; : " ‘
i 0 i 370 .280 -.0T3 | .006 § .019 L0011 | -.180 .9989 366.4
! § !(.18u) (-0b1), (.003) | (.002) | (.0005)| (.03k)
: ‘ i i ‘ :
w005 3z | oa; 082! .06 .019 L0009 | -.150 | .9990 426.7
; : ;(.171) (.039); (.003) (.002) (.0005)! (.026)
| ; | | f |
: ! ' : ' i
% ST R 1 TR B -.086 . .007 | .020 .0008 | ~-.119 % .9990 1420.0
| | (+173) (.039): (.003) §  (.002) 1} (.0005)f (.021) |
o2 259 ! 432 -105 1 .008 | ,022 0002 | -.053 | .9989  377.2
g (.188) ; (.002) : (.0004}| :(.010) ; -
E | '

(.oha)g (.003)

§

.-.68—
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capital’s earninge in the nponfarm busginess :;%ec:’c;o:r.5 But probably ocur «

5. This suggests that w(t) underestimates the marginal productivity
of labor so that, among other things, our estimate of P(t) is
erroneous. But since A H  _in (57) is small, as Table 2 shows, little
bias results from taking 'ﬁ(t) as & measure of the marginal product
of labor,

6

egtimate is too small.

6. On the other hand, Berglas also estimated o ,to be .13 when he
assumed an "improvement rate,” roughly our B(t)/B(t) , equal to
3 percent. While Berglas rejects 3 percent in favor of zero, 3 -
percent is not unreascnable,

Second, v is very large. Tt implies that B(t)/B(t) has been

increasing rapidly. From (L4} we have

(66) BEL o~ pr2wvt

050 + 012 %

i

Recalling that t = O in 1954, we obtain the series, ﬁ(t)/B(t) 5 in Table 7.

Table 7: The Rate of Obsolescence: B(t)/B(t)

10k7 1948 1949 1950 1951 1952 1953 195k 1955 1956 1957 1958

-.03k ~.022 -.010 .002 .01k ,026 .038 .050 .062 .OTh .086 .098
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Now there is no reason why é(t)/B(t) could not be negative; this means merely
that the price of capital goods, corrected for guality improvement, has been
riging relative to consumption goods. But pubiished price indices indicate
that é(t)/B(t) should not be algebraically smaller then sbout -1 percent

o

per annum. Sc v seems too large.7 If e had been as large ag relative

7. On the other band, Taylor [11] shows that unembodied progress was
much greater in the consumption-good sector than in the capital-good
sector in the perlod 1947-1953 so that conceivably B(t)/B(t) was
as large and negative as our results indicate in the early postwar
period. (Taylor's analysis does not extend beyond 1953.)

sheres suggest, v would have been about half as large and this surprising

result of negative obsolescence would not have occurred.

As equations (36) or (42) indicate, the rate of Hicks-neutral
embodied technical progress, comparable to the Hicks-neutral p , is

« B(t)/B(t) .  This i given in Table 8.

Table 8; The Rate of Embodied Progress: o ﬁ(t)/B(t)

1947 1948 1949 1950 1951 1952 1953 195k 1955 1956 1957 1958
-,004 -,003% -.001 .000 .0O02 .003 .005 .0O7 008 0106 .011 .013

Table 8 shows that, initially, embodied progress was a negligible part of
total technical progress, up + & B(t)/B(t) , even slightly negative, and

eventually came to exceed unembodied progress.

These explorations of the implications of our regsults wonld not be

complete without computation of the social rate of return to investment.
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This is the marginal productivity of investment less the rate of depreciation,
5 , and the rate of obsolescence, é(t)/B(t) . Using the p(t) series for

p = .005 we obtain the rate of return series shown in Table 9.7

Table 9: The Social Rate of Return: p(t) - & - B(t)/B(t)

1947 1948 1949 1950 1951 1952 1953 1954 1955 1956 1957 1958
297 L271 .19%F ,115 131 143 .105 .079 .067 .089 .089 110

The social rate of return was elsewhere estimated by Phelps [6]. It
was found that if & = .15 , then the 1954 rate of return was appréximatély
.078 for all "improvement" or "obsolescence” rates between O and 3 percent. To this
figure Phelps should have added one percent'to reflect the average one percent'
rise in the measured price of capital goods relative to the price of consumption
goods. Hence the correct estimate by that method is about .09. This compares
rather well with the estimate in Table 9 for the interval 1953-56, which

is .105.

CONCLUDING REMARKS

We have acknowledged that some of our results are surprising, even
suspect, although there is some precedent for them in the work of Berglas [1]
and Taylor [11]. We ghall cite here some of the reasons why no great
confidence cecn be placed in these results and thus indicate some of the

improvements that are needed.

First, alhtough it may not be of great gquantitative importance, there

is a statistical flaw in our method. This is the simultaneous-equation
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bias in our estimate of the capital elasticity. While our approach takes

P(t) %o be an independent variable, both Dp(t) and Q(t)/H(t) are really
dependent variables in the underlying model; they are (presumably stochastic)
functions of the ratio of effective capital to labor and of time. So,
présumably, p(t) is correlated with the error term in our regression equation,
contrary to the classical assumption in ordinary least-squares analysis. On
certain reasonasble assumptions, it can be shown that this correlation with the
error term blases downward our esfimate of the capital elasticity. Hence, there
is a statistical reason for believing that our estimate of the capital elaéticity
is too small. But the extent of the bias is unknown. This requires investiga-

tion.

Second, inaccuracies in the data may heve biased our resulis. It seems
especially likely that there are random errors in the "observations” of p(t) .
These will bias our estimate of the capital elasticity-toward zero.~ Further,
there may be nonrandom errors of observation. There is & suspiclon, ve
understand, that the upward trend of the official series on producers'
durable equipment expenditures since 195k is too small because of failure to
revise the sample of firms in the official éurvey. If so, this accounts for some
of the rise of E(t) after 1954%. As explained earlier, it is probebly the
maintenance of a ﬁigh rate of growth of productivity in the latter half of our
period of observation in the face of the sharp rise of p(t) that accounts
for our estimate of accelerating technology. Hence our fiﬁding of an increasing
Qate of (émbodied) techﬁical progress may be due in part to an error i the

trend of our investment series.
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Lastly, the underlying economic meodel is not satisfacftory. It would
be preferable, though far more difficult, to estimate a "putty-clay” model -;
one in which there is little or no ex post substitutability -- possibly of the
Cobb-Douglas type analyzed by Phelps [8]. It would also be an improvement to
allow the substitution elasticity to aiffer from unity; but factor-price-frontier
estimation of a constant-elasticity-of-substitution model is substantially more
difficult than estimation of a Cobb-Douglas model. Further, the assumption of
identical factor intensities in the capital and consumption goods sectors -~
on which the aggregation of a ftwo-sector model into a one-sector model depends --
flies in the face of some evidence that the capital-goods sector is more
labor-intensive. Use of a two-sector model would bé & step in the right
direction. Another improvement would be to make potential output a funetion
of potential labor services and potential capital services, rather than of the
stock of capital; our procedure would be correct only if there were no change
in the full-employment work week and the number of shifts. Finally, although
many more improvements could be listed, it would be desirable to make technical
progress a function of research and of education since one is interested in the
ﬁayoffs to alternative kinds of investment. Our results are unlikely to be

invariant to these improvements of the model.

Despite these statistical and theoretical objections, and hence our
reservations about our empiricsl results, it is hoped that our factor-price-frontier
method will prove a useful addition to the arsenal of methods of estimating

the parameters of vintage production models.
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FEENDIX®
TABLE 1

@: Nonfarm Business Oubtput

(1) (2) (3) (h) (5) (6) (1)
Rents to ) . .
Year Business FGP and Nonfarm Residentlal GNP Residential
Output OGE Landlords Rents Deflstor Rents Q
Billions 1954 Billions 1954 Billions 1954 Current 1954=100 Billions 1954 Billions 195k
dollars dollars . dollars dollars dollars dollars
1947 250.2 20.2 1.5 15.6 83.0 18.8 209.7
48 260.4 23,1 1.h 17.6 88.5 19.9 216.0
Lo 258.3% 22.3% 1.6 19.3 88.2 21.9 212.5
1950 281.8 2%.3% 1.6 21.2 89.5 23.7 233%,2
51 299 .4 - 22.1 1.5 23.2 96.2 2h.1 251.7
52 308.6 22,8 1.6 25.4 98.1 25,9 258.3
53 325.7 23.7 1.6 27.5 99.0 27.8 270.6
5k 317.9 24 .6 1.6 29.1 100.0 29.1 262.6
1955 346.2 25.8 1.7 30.7 101.2 30.3 288.4
56 352.7 25.4 1.7 32.7 104.6 31.3 294.3
57 359.1 25.3 1.6 5.2 108.4 32.5 299.7
58 351.2 25.6 1.9 3T.T 110.8 34.0 289.7
59 377 25.7 1.8 39.6 112.6 35.2 31h4.7
1960 386.8 26.8 1.9 41.9 11k.2 36.7 21,4
61 392.8 26.9 1.8 hh.2 115.8 38.2 323.,2
62 118.5 27.1 1.8 k6.5 116.7 39.8 349.8

Sources and explanatory notes:

(l) Survey of Cuxrrent Business (SCB), October 1962, Table L, p. 12 for 1947-1960 data. SCB, July 196k,
Table I-13 for 1961 and 1962 data. Gross naticnal product less output from households and institutions,
from general government and from the rest of the world.

(2) Farm Gross Product and Output of Government Enterprises SCB, October 1962, Teble 4, p. 12 for 1947-1960
data. The data for 1961 and 1962 were estimeted from data ta in Table I- 15 (grosa farm product) and in
Table I-12 (government enterprises) in the 8CB, July 196%. The Table I-12 data were deflated by the
general government price deflator and linked to the 1960 government enterprise figure.

(continued on next page)

..gg..



APPENDIX

Table 1  {(Cont.)

Sources and explanatory notes:

(3)
(&)
(5)

(6)
(7)

U.S. Income and Output (USIO) Table VII-10 line 8 for 1947-1955 data. SCB, July 1961 for 1956-1958

dete. SCB, July 196k for 1959-1962 data.

USIO, Teble II-k line 21 for 1947-1955 data. SCB, July 1961 for 1956-58 data. SCB, July 196k
for 1959-1962 date.

USIO, Teble VII-2 for 1947-1955 data. SCB, July 1961 for 1956-1958 data. SCB, July 1964 for
1959-1962 data. -

= (4) & (5)
= (1)-(2)-(3)-(6)

- Lg -



TABLE 2

I: Nonfarm Buslness Investment (Inéluding Average Inventory Investment )
Deflated By Business Secfor Deflstor

(1) (2) (3) (4) (5} (6) (1) (8) (9) (10)
Nonfarm PDE RNFC Invest- Nonfarm Business Nonfarm Net Change  Net Change I
Buginess Deflator 165L=100 ment Busginess Deflator Business in NFBI in WFBL Billions
Year Investment 1954=100 Deflator Investment 1954=100 Investment Billions Billions 1954
Billions 195k 1954=100 Billions Billions current 1954 dollars
dollars current dols. 1954 dols. dollars dollaers
19kt 28.3 76.8 784 77.6 22,0 8k.2 26.2 1.3 1.5 28.9
48 28.2 8.1 88.6 85.9 24.2 89.9 26.9 3.0 3.3 29.6
49 2.8 87.0 85.9 86.5 21.5 89.2 24,1 -2.2 -2.5 26.8
1950 27.0 89.0 90.9 90.9 2k .5 90,2 27.2 6.0 6.7 29.9
51 20,0 96.8 97.5 97.2 28.2 97.2 29.0 9.1 .k 31.7
52 29.3 97.5 100.3 98.9 29.0 98. 29.4 2.1 2.1 32.1
53 30.9 - 99.0 101.3 100.2 31.0 99.3 31.2 1.1 1.1 33.9
54 29.8 100.0 100.0 100.0 29.8 100.0 29.8 -2.1 -2.1 32.5
1955 33,0 102.6 103.0 102.8 33%.9 100.8 3%.6 5.5 5.5 36.3
56 36.2 109.,0 109.0 109.0 39.5 104.0 38.0 5.1 L.9 0.7
5T 36.0 115.7 111.2 113.5 40.9 107.6  38.0 .8 .7 40,7
58 28.6 118.9 111.2 115.1 32,9 109.4 30.1 ~2.9 -2.6 32.8
59 30.4 1214 114.3 117.9 35.8 111.0 32.3 6.5 5.9 35.0
1960 33,2 121.6 115.5 - 118.6 39.4 112.1 35.1 3.2 2.9 %7.8
61 32.1 121.3 115.9 118.6 8.1 113.2 33.7 1.5 1.3 36.4
62 34,7 120.9 117.2 119.1 41.3 113.9 36.3 5.3 b7 39.0

Sources and explanatory notes:
(1) Council of Economic Advisers
(2) Producers Dursble Eguipment deflator, USIO, Teble VII-2, llne 10,

{continued on next pege)
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Table 2 (Cont.)
Sources and explanatory notes:

(3) Residential Non-FarmConstruction deflator, USIO, Table VII-2, line 8. USIO source of deflator
data for 1947-1955. 3CB, July 1961 source for 1956-1958. SCB, July 196k source for 1959-1962.

(%) {(cor. (2) + Cox. (3)) +2
(5) ceil. (1) x col. {4).

(6) USIQ Table VII-8, line 2 for 1947-1955 data. SCB, July 1961 for 1956-1958 data. SCB, July 1964
for 1959-1962 data. : —

(7} codr. (3) + cor. (6).

(8) Net cﬁange In Non-Fam Jusiness Inventories, USIQ Teble V-8, line 3 for 1947-55 data. SCB, July 1961
for 1956-1958 data. SCB, July 1964 for 1959-1962 data. -

(9) Coi. (8) + col. (6).

(10) col. (7) + 2.7’. 2,7 i6 the average of Col. (9).
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TABLE 3

w: Real Hourly Wage Rate in the U. 8. Nonfarm Business Sector

(1) | (2) (3) (%) (5)
Wage Bill Manhours Hoorly Wage Business W
Billions Billions Rate Defletor 1954
Year Current Current 1954100 Dollars
Dollars Dollars
1947 102.3 90.9 1.13 84.2 1.3k
48 112.7 92,2 1.22 89.9 1.36
49 110.2 87.7 1.26 89.2 1.41
1950 121.7 90.7 1.3h 90.2 2.%9
51 140.5 94.9 1.48 97.2 1.52
52 150.6 96 .4 1.56 98.8 1.58
53 162.3 98.1 1.65 99.3 1.66
54 161.3 95.1 1.70 100.0 1.70
1955 174.8 99.6 1.76 100.8 1.75
56 190.1 102.0 1.86 104.0 1.79
57 199.4 100,7 1,98 107.6 1.84
58 196.7 95.8 2.05 109.k 1.87
59 214.8 98.9 2.17 111.0 1.95
1960 225 . 98.8 2.28 112.1 2.03
61 229.2 97 .4 2.35 11%.2 2.08
62 245,11 100.3 2.4 113.9 2.1k

Bources and explanstory notes:

(1) SCB, October 1962, Table 6, pp. 14-15 for 1947-1960 data, Total employee compensation less emplayee
compensation on farms; households and institubtions, government, government enterprises and rest of
world. Figures for 1961 and 1962 were estimated from date in 8CB, July 1964, Table VI-1l. The
wages blll for the nonfarm business sector was approximated by subbracting compensation of employees
in sgriculture, forestry and fisheries (line 2), privaete households (line 69), medical and other -

(continued on next page)
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Table 3 {Continued)

Sources and explanatory notes:

(1) {cont.}

- health services (line 75), educational services, n.e.c. (line 78), nonprofit membership
organizations, n.e.c. {line 79), government and government enterprises (line 80), and
rest of world (line 85) from all industries (line 1). The figures estimated from the
July 1964 SCB were linked to the October 1962 SCB series at 1960,

(2) Council of Econcmic Advisers. '

(3) col. (1) + Col. (2).

(4) See Appendix Table 2, footnote 6.

(5) co1. (3) % col. (4).



