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Abstract

Although a great deal of empirical research on productivity measurement

has taken place in the last decade, one issue remaining particularly controversial

and decisive is the manner by which one adjusts the productivity residual for

variations in capital and capacity utilization. In this paper we use the

Marshallian framework of a short run production or cost function with certain

inputs quasi-fixed to provide a theoretical basis for accounting for variations

in utilization. The theoretical model implies that the value of services from

stocks of quasi-fixed inputs should be altered rather than their quantity.

This represents a departure from previous procedures that have adjusted the

quantity of capital services for variations in utilization. In the empirical

illustration, we employ Tobin's q to measure the shadow value of capital, and

find that for the U.S. manufacturing sector, we can attribute 25% of the

traditionally measured decline in productivity growth during 1973-77 to a decline

in capacity utilization.





I. Introduction

Ever since the early work of Jan Tinbergen [1942], George Stigler [1947]

and Robert Solow [1957], the rate of multifactor productivity growth has

typically been clculated as the difference between growth rates of output and

aggregate input. The resulting productivity "residual" includes conceivably

the effects of a host of only partially quantifiable phenomenon. This has led

Moses Abramovitz to refer to the residual as a "measure of our ignorance"

[1956, p. 11].

Analysis and further understanding of factors affecting the productivity

residual has been the goal of much recent empirical research. For example,

1
improvements in the skill and quality of the labor force, returns to invest-

ment in research and education, changes in the composition of output and in-

3 4
put, and effects on productivity growth of increased regulation have all been

examined carefully. One issue which remains particularly controversial and de-

cisive, however, is the manner by which one adjusts the productivity residual

for variations in capital and capacity utilization. A brief review of the

literature may help to put this into proper perspective.

It has long been recognized that productivity movements tend to be pro-

5
cyclical. In his 1957 paper, Robert Solow calculated multifactor productivity

under the assumption that capital and labor inputs experienced unemployment to

the same degree. Labor input was measured by Solow as manhours employed, and

capital in use (as distinct from capital in place) was computed as the constant

dollar capital stock multiplied by one minus the unemployment rate. Using this

cyclically adjusted data, Solow concluded that over the 1909-49 time period in

the U. S., about one-eighth of the total increase in output per manhour was due

to increased capital per manhour, and the remaining seven-eighths to multifactor

productivity growth ("technical change").

Entirely reversed findings were reported a decade later by Dale W. Jorgenson
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and Zvi Griliches [1967], who concluded that for the U. S. private domestic

economy, 1945-65, the relative contribution of technical change was negligible:

"After elimination of aggregation errors and correction for
changes in rates of utilization of labor and capital stock,
the rate of growth of input explains 96.7 per cent of the
rate of growth of output; change in total factor productiv-
ity explains the rest.,,"6

One critical difference in measurement procedures between Jorgenson-Griliches

and Solow was that Jorgenson-Griliches permitted capital to experience unemploy-

ment to a different degree than labor. Specifically, Jorgenson-Griliches multi-

plied their aggregate capital stock series by an independent estimate of the

utilization of capital, calculated as the relative utilization of electric

motors in U. S. manufacturing and based on data constructed by Murray Foss [1963].

Since, among other things, the average number of shifts worked increased over

this time period, capital in use increased more rapidly than capital in place,

resulting in a larger measure of aggregate input and hence a smaller productivity

residual.

The Jorgenson-Griliches findings and measurement procedures have been

8.
debated vigorously in a series of articles and comments, with Edward F. Denison

objecting in particular to the capital utilization adjustment. Denison [1969]

argued it was inappropriate to adjust all capital inputs -- equipment, structures,

land and inventories in the entire U. S. economy -- by the manufacturing electric

motor utilization index. A year later, Laurits R. Christensen and Dale W.

Jorgenson [1970] reported results with only non-residential structures and pro-

ducers' durable equipment adjusted by the electric motor utilization index. With

this reduced role of the tilization adjustment and new annual data on U S. gross

private domestic product (excluding household capital services), the Christensen-

Jorgenson estimate of the contributions of technical progress 1948-67 rose from

a negligible amount to 38' per cent, while that of growth in input fell to 62 per

cent.9
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In his most recent research on productivity, Jorgenson has entirely aban-

doned the practice of adjusting measured capital input for cyclical variations

.2 10in utilization. Among other noted productivity analysts, John W. Kendrick

[1963, 1979] and J. Randolph Norsworthy et al. [1979] make no adjustment to

measured capital input for cyclical variations in utilization. On the other

hand, Denison adjusts his measure of total factor input for "fluctuations in

intensity of use" [1979a, p. 176] using an index of the corporate profit share

in corporate national income.1 1 Denison's procedure has been criticized, for

in particular it is.unlikely to distinguish accurately between cyclical and secu-

12lar movements in profit shares. 2

The difference between Denison and Norsworthy et al. in accounting for

variations in capacity utilization has recently generated a.significant new

controversy. Denison 1979a] argues that the "mysterious" productivity slowdown

in the U. S. began in 1973, while Norsworthy et al. date the unexplained decline

as beginning much earlier, perhaps as early as 1965. The reason for this dis-

agreement on timing, Denison acknowledges, ". . .is my inclusion of an estimate

for the effect of fluctuations in intensity of demand as a determinant of output

per unit of input." Hence the dating of the decline in productivity growth

depends critically on the capital utilization adjustment.

The above remarks, though admittedly not exhaustive, suggest clearly that

the manner by which one adjusts the productivity residual for variations in

capitalutilization is both controversial and decisive. Notably, what has not

appeared in this controversy is a discussion of how basic economic theory might

clarify some of the issues. This paper represents a first step in the attempt

to interpret more clearly and measure more consistently the productivity residual,

adjusted for variations in the utilization rates of quasi-fixed inputs such as

capital plant and equipment.

In Section I the traditional productivity measurement procedure is related
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to the theory of cost and production. There it is noted that the traditional

method is appropriate only if the firm's output is produced at the minimum point

of its short run unit or average total cost (SRUC) curve. In Section III a more

general framework is adopted within the Marshallian convention of a short run

production function or a short run cost function where some input stocks are

quasi-fixed (fixed in the short run but variable in the long run), other inputs

are variable, and. output might not necessarily be produced at the minimum point

of the SRUC curve. In such a case, the contributions of quasi-fixed inputs should

be valued at their shadow prices, not at their market prices. Adjustment of the

productivity residual for variations in capacity utilization is therefore made

by altering the value of capital services, not the quantity. In Section IV an

attempt is made to implement these procedures empirically, using information from

the stock market and "Tobin's q", which is interpreted as the ratio of the shadow

value to the market value of fixed capital. Section V provides concluding remarks.

An Appendix discusses and lists the data.



II. Theoretical Foundations Underlying Traditional Productivity Measurement

The economic theory underlying traditional productivity measurement is

closely related to the theory of cost and production. Let there be a constant

returns to scale production function1 3 with traditional neoclassical curvature

properties relating the maximum possible output Y obtainable during period t

from the services of n inputs, X1 , X2,..., Xn,

2 n

Y(t) = F[Xl(t), X2(t),..., X(t), t] (1)

An increase in time t is assumed to lead to improvements in the state of technology

arising from disembodied technical change. A logarithmic differential of (1)

can be written as

dnY(t) n dllnY(t) nX (t) lnY(t)dlnY (t) = Z' alnY~t) J. i lYt (2= . -- + (2)
dt alnXi(t) dt at

Denoting the output elasticities alny(t) by W and interpreting logarithmic
alnX.(t) 11~~

derivatives as rates of growth we can write (2) as

y n X AY _ ~ i 
¥- = Zw i X + A

_ ~~~~~~~~~~~~~~~~~~~~(3)i=l i

or

Or_ AAx = i (4)
A ¥ X X.

1 x1

The actual (as opposed to measured) multifactor productivity growth rate A/A is

given by (4). Under the assumption of constant returns to scale Wi = 1 and

the last term in (4) could be interpreted aselasticity-weighted aggregate input.

If output elasticities were observable, (4) would provide the correct measure of
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total factor productivity growth independent of factor market and capacity

utilization issues. These issues arise due to the different possible ways

of measuring W, and hence A/A.

The conventional method of measuring A/A is to assume that observed inputs

and outputs were generated by firms in competitive long run equilibrium. With

prices of output and inputs fixed, the firm chooses input levels so as to maxi-

mize profits. The first order conditions for profit maximization are then

P.(t)
DY(t) _ 1

axt) =P(t) i = l,...,n . (5)aX i(t) P(t)'

th
where P(t) is output price and P(t) is the market price of the ith input. Now

1

since the output elasticities can be written in terms of marginal products,

Yt)X.(t)
W = ~lnY(t) ay(t)
i = lnXi (t) ax .(t) ' Y(t) = l,...,n, .6)

1 1

we can substitute (5) into (6), and obtain

P,(t) Xi(t)alnY~t (t) ~ :., 7

alnX. (t) P(t) Y(t) Si(t) , i = l....,n .(7)
1

Under competitive conditions, profits are zero and revenue equals costs,

implying that the output elasticity W. can be measured by the cost shares of the
1

ith input in total costs of production.1 4 Hence

Si(t) (8)
i=l

and A/A is measured by

S .(9)

A Y i i X.14 a
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Under the assumption of competitive long run equilibrium the rate of multi-

factor productivity growth is therefore calculated from (9) as the difference

between the growth rates of output and aggregate input X/X,

1 _Ai~~~~~~ Y ~~X *(10)
- Y x

1

where aggregate input growth Xi/X is the revenue or cost share-weighted

aggregate of the individual input growth rates, i.e.

i=l X i- i3X (11)

The dual approach to traditional productivity measurement under the assump-

tion of competitive long run equilibrium is derived from the existence of a

unit cost function dual to the production function (1):

c(t) = G[pl(t), 2(t) ... Pn(t), t] (12)

where c(t) denotes the minimum possible unit cost of producing output given

input prices and time t. Constant returns to scale implies that c(t) is inde-

pendent of Y(t). Increases in time are assumed to result in improvements in

the state of technology (reductions in unit cost) due to disembodied technical

change. A logarithmic differential of (12) can be written as

n dlnP(t)dlnc(t) n alnc(t) dlnPi(t) + lnc(t) (13)
dt~~~ = (13)
dt i=l1 lnPi (t) dt at

15
From Shephard's Lemma,5 we know that with output quantity and input prices fixed,

th
the cost minimizing firm's demand for the i input is simply

Xi ( t ) -Y (t) p(t) i = ,...,n. (14)
1 D~i 1



Since

alnc(t) ac(t) Pi( t )

Dln M p M C= (15)lnPi(t) Pi(t) c(t) i

we can substitute (13) into (14), obtain cost shares S(t), and then rewrite

(13) as:

n dlnP. (t)
dlnc(t) = M s ( + (16)

dt dt B1 (16)
i=1 1

where /Bl is the measured rate of cost reduction due to technical change.

Rearranging and rewriting, we have

B P
1 c xB1 c P '1 ~ x

or

B P

_ =_ P Px (17)

B1 P Px1 x

where P /P is the rate of growth of the price of aggregate input X,
x x

P n P

x il (18)

Equation (17) tells us that the calculated cost reduction due to technical

change is simply the difference in growth ates between unit cost (price) and

the price of aggregate input. Equation (17) is just the dual to equation (10).

Of particular interest is the relationship between the primal (A /A ) and
1 1

dual (B /B1) measures. With constant returns to scale, M. Ota [1974] has

shown that the primal and dual rates are simply negatives of one another,

- 8-
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A -
l1 -B1 (19)
1 1

Hence, given long run competitive equilibrium conditions, either /A or

16
B1/B1 can be used to measure total factor productivity growth.

Finally, it should be noted that well-known discrete approximations to

the continuous Divisia indexes (9) and (17) are the Tornqvist indexes

n

ln[Al(t)/Al(t-1)] = ln[Y(t)/Y(t-1)]- I Si(t) ln[Xi(t)/Xi(t-1)] (20)
i=l

or

ln[Bl(t)/Bl(t-1)] - ln[P(t)/P(t-1)] - I Si(t) ln[Pi(t)/Pi(t-l)] (21)
i-1

where

Si(t) = [Si(t) + Si(t-1)] .17 (22)

The above measures of multifactor productivity are inappropriate whenever firms

are not in long run cost-minimizing equilibrium. In the following section, in

order to highlight the capacity utilization issue, we will assume that a firm

is not in long run equilibrium whenever output is produced at a level other

than that corresponding with the minimum point on the firm's short run unit

cost curve. This, of course, is the relevant condition for a perfectly competitive

industry. Were the firm under observation not in a perfectly competitive industry,

we would say that it is not in long run equilibrium whenever it is producing

output at a level other than that corresponding to the tangency point of a short

run average cost curve and the long run average cost curve. An analogous argument

to that constructed in the following section could be developed for this case.
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III. A Generalized Approach to Productivity Measurement

In the traditional long run equilibrium treatment, it is assumed that all

inputs are variable and that for each input, marginal product equals Pi/P. We

now relax this assumption. Let us partition the set of n inputs into two

exhaustive and mutually exclusive subsets, one subset of J variable inputs,

v = {v1, v2,...,vj}, and another subset of M quasi-fixed inputs, f = {f, f2'''''fM}'

The quasi-fixed inputs are fixed in the short run, and can be varied over time

but only by incurring increasing marginal costs of adjustment.

Using this partition of inputs, we now specify a short run production

function1 8

Y(t) - F[vl(t), v2 (t)..., v(t); fl(t), f2 (t)..., fM(t); t] ,

(23)

In (23), Y(t) is the maximum amount of output obtainable during period t given

variable inputs v(t), quasi-fixed inputs f(t) and the state of technology.

Note that (23) represents the same production possibility frontier as (1),

so ong as technical change is disembodied. All that we have done at this

point is relabel the inputs. The logarithmic differential of (23) can be written

as

J 9 lnY(t) dlnv.(t) M lnY f (t ) ln t24)
X- mXjt + lnY(t) +4)

j4 __lnv(t t inf (t) at at

dlnY (t)

dt

= F[v(t); f(t); t]
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or

yJ M fm

A Y w + X w (25)A Yj ~ j=1Jv m- 1 mf

Equation (25) is identical to (4) since it does not as yet embody any dis-

tinction between long run and short run equilibrium input growth paths.

Now suppose a firm is not in long run competitive equilibrium but instead

*is in short run competitive equilibrium. A firm maximizing short run variable

profits [given f(t)] will choose levels of variable inputs to that

BY~ P (t)
av(t) - (26)8v. (t) P(t)
3

which implies that

al3tvY(t) P(t) v.(t)
MO~~ ~~ ~ 3_ Sj(t) j -13 .. JI (27)W.(t) = a1nYt) - Y(t) j =______j 3lnv. (t) av (t) Y(t) P(t) Y (t) ,...,J . (27

j

which looks just like (7), except that (27) holds only for the variable inputs,

not for the quasi-fixed inputs. Unless there are no quasi-fixed factors, shares

J
of a particular variable factor in (7) and (27) are not equal and S(t) 1.

j=l J

Since by definition the f are quasi-fixed in the short run, it follows
m

that for the short run (one period) profit maximizing firm, marginal products

of the f are not necessarily equal to P (t)/P(t). Hence output elasticities
m m

th
will differ from market value shares. Define the shadow rental price of the m

quasi-fixed input as Z :
m

P(t)Y(t)
= z t). (28)

f (t) mm
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Hence Z (t) represents the additional variable profits during period t obtained
m

by adding one more unit of f for one time period. Differences between them

market rental prices P (t) and shadow rental prices Z (t) could be due to, among
m m

other things, the presence of increasing marginal costs of adjustment for the

19quasi-fixed inputs. When Z > P, the firm experiences a relative shortage of
m m

f and has incentives to invest in additional units of f; when Z < P ,the
m m m m

firm finds itself with a relative surplus of f and has incentives to disinvest;
m

finally, when Z = P , the short and long run levels of f coincide, implyingm m m

that no incentives exist to change stocks of f . This implies an importantm
relationship between Z, P and capacity utilization which will be discussed

m

later.

th
The output elasticity of the m quasi-fixed input can be expressed in terms

of the shadow prices Z (t) as follows:
m

(t) - aln Y(t) _ aY(t) . f tfm( t)W (t ) m,...,M. (29)
m 9lnf t) f f(t) Y(t) P(t) ·Y(t) m,...,. ()m m

Utilizing (25), (27) and (29) we obtain a measure of total factor productivity

growth A/A consistent with short run firm equilibrium:

A2 Y V. M fm

A2 Y I= S. v. + I Wm f (30)m=l

Notice that because Y = H(v, f, t) is homogeneous of degree one in v and f, even

when P Z the output elasticities sum to unity, i.e.
m m

J M

i Si(t) + W (t)= 1. (31)
j=1 m
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Equation (30) can be rewritten as

A 'YX*2 Y- X* (32)
A2 Y' X*

where X* is the value-weighted sum of variable and quasi-fixed inputs,

.

J M

* L Vj m' v im f *(33)
J=1 l vj m1 m

When Z decreases from Z = P to Z < P for all m (a relative surplus of
m m m m m

stocks of f exist), f is valued less highly (f is utilized to a lesser
m m m

extent), and therefore aggregate input growth X*/X* is less than X/X, implying

by (10) and (32) that A2/A2 is greater than A/A . If the firm is in long run

disequilibrium because capacity has become underutilized between periods t-1 and

t, A2/A2 is the correct measure of A/A and the traditional measure A1 /A1 under-

states true multifactor productivity growth. Our empirical results, presented in

section IV, suggest that this is the case for U.S. manufacturing during the period

1973-77; that the reverse bias occurred during 1965-73, and hence the productivity

downturn after 1973 was not as great as conventionally measured.

The decreased utilization of f when Z < P is accounted for in (32) by
m ' m m

adjusting values of services from stocks of f , not their quantities. Recall

from the introduction that previously productivity researchers have generally

adjusted the quantity of quasi-fixed factors (like capital) for utilization,

not the output elasticity or value weights of the quasi-fixed factors. Finally,

it should be clear that when P = Z for all m, X/X = X*/X*, and the traditional
m m

and our alternative measures of multifactor productivity coincide.

A dual measure of capacity-utilization adjusted multifactor productivity

growth also exists. Define the short run unit variable cost function20 as
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v 1 [
c -Y(t) HIP1(t), P(t), ..-, P (t); f (t), f(t) f Yt), t] (34)

Define the short run unit shadow cost function as

1 v
c*(t) Y()[cv Y(t) + Z (t)-f (t)] (35)

m mm

Note that c*(t) is the unit cost which would prevail in the long run if the

firm faced factor prices {P (t), Zm(t)} Hence c*(t) = P(t) since F is linear

homogeneous. Thus if the firm is a short run profit maximizer, c*(t) is just

the short run marginal cost curve (P(t) fixed).

Totally differentiating (35) with respect to time yields

dP H df -' a{Y H F df dZ ~~L~(c*Y) = -~~~~i+~----+-- Z -- mjf (36)
dt(c*Y) = aP. dt dtJ + Y d+ m f dt + fdm(

J m mJ

Shephard's Lemma implies H= v.. One of the properties of a variable

cost function is that = -Z (Berndt, Fuss and Waverman [1979]). Also = P = c*.
m'=

fm
Hence (36) becomes

i f [ m 1 mH f Zm]c* = sj j w - + -L Z W I (37)·* P. + f *y tmf MZ~~~~~~~~m z~m 

or

c* ~S1 ac* )i P. m Z + *~j m m

sin c * 1 aH
t Y at
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B
Define L * 2. Then (38) becomes, upon rearrangingc* at B'

-2

B2

B2

C* J P + M Zm]

: - IS. 3 + I -
j=1 IJ pi m=l MZ

(39)

Equation (39) is the dual to equation (30). They are related in exactly the

same way as the traditional dual equations (10) and (17). Note that in (39)

shadow prices replace market prices for the quasi-fixed factors.

Defining

P*
x

p*
X

the dual measure may

B2

B2B2

B2

B2

P Z
EIsj + W .

j j m m

be expressed as

X
c* P*

x

(40)

(41)

P xP*
x

Hence, the dual measure of capacity utilization adjusted productivity growth

is once again the difference between the growth rates in output price and aggre-

gate input price, analogous to (17). The primal and dual measures 2/A2 and

B2/B2 are related in the same way as A/A1 and B1/B1. From (39)

0~~P ZB2 . Z~B2- c* X S.2--iW m . (42)B2 ¢* - M M - zM

or
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Also, since c* Y = Pjv + Z f

c* + sj vj + S + W + W m (43)
c* Y vj P M M ZM

Using (43), (42) becomes

B2 LY I5 m w = A (44)

A graphical analysis may be helpful at this point. In Figure 1 below, we

show the long run unit cost (hereafter, LRUC) curve as being flat, with the level

o
of LRUC equal to c . The LRUC curve is flat because we have assumed that the

long run production function is characterized by constant returns to scale. As

seen in Figure j1, however, the short run unit cost (average total cost, hereafter,

SRUC) curve is U-shaped, reflecting the fact that in the short run certain in-

puts are quasi-fixed. The position and shape of the SRUC curve depend on technology,

Y, Pj, f and P.m m

At the level of output YO in Figure 1, the SRUC curve reaches a minimum

point c Based on a tradition dating back at least to the work of J. M. Cassels

[1937], Lawrence Klein [1960, 1962] and Bert Hickman [1964] have called Y0 the

0
firm's capacity level of output. Notice that at Y, the LRUC curve is tangent

21
to the SRUC curve. It might also be noted that this short run unit cost-mini-

mizing level of output YO will not necessarily coincide with the firm's short run

profit maximizing level of output. For example, if the firm faced competitive

markets and if suddenly the market price of Y increased to a level greater than
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0
c , the firm could enhance its short run profits by expanding its out-

o 22
put beyond Y until short run marginal cost equalled market price. Nonetheless,

the capacity level of output Y embodies desirable economic welfare properties,

in that if market prices reflected marginal social costs, YO would be that level

of output for which society would be expending minimum unit social costs.

Finally, as noted by Hickman, if the output level were sustained at Y , there

would be no economic incentive for the firm to alter its production technology

by varying quantities of its quasi-fixed inputs. In contrast, if an output

level yI > Y were sustained, the firm could reduce unit costs by adding to its

net stocks of f, thereby eventually shifting its SRUC curve in Figure 1 to

SRUC1, and ultimately attaining again the minimum level of unit cost c at

the increased output level Y. With the increased stocks of f and the new unit
m

cost curve SRUC1 , new short run capacity output would of course be equal to

y1~~~~
Yb.

Having discussed capacity output, we now define the firm's rate of capac-

ity utilization u as actual output Y divided by capacity output Y0 , i.e.

u = Y/Y . (45)

When u < 1 so that Y < Y , the firm is to the left of the minimum point on the

SRUC curve; reductions in unit cost can be achieved by increasing output. On

the other hand, when u > 1 so that Y > YO, the firm is to the right of the min-

imum point on the SRUC curve, where increases in output result in greater SRUC.

If one defines sort run returns to scale as the percentage change in output

divided by the percentage change in the quantity of each variable input, all

quasi-fixed input stocks fixed, then when u < 1 the firm enjoys short run in-

creasing returns to scale, and when u > 1 it encounters short run decreasing

23
returns to scale.
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As an example, consider the case of a single quasi-fixed factor (capital)

and a single variable input (labor) producing output (value added). Whenever

Y > Yo, then not only will u > 1, but the shadow rental price of capital (Zk)

will be greater than the market rental price of capital (Pk). Define the ratio

of Zk to PkaS qks i.e.

Zk
qk - p (46)

Hence when the rate of capacity utilization is greater than unity, q will also

be greater than unity. In the next section we relate q to Tobin's q in order

to measure the shadow value weight Wk. Intuitively, unit cost is rising because

of diminishing returns to the increasingly utilized fixed factor capital; if

the firm increased its stock of capital by renting one moreunit for one period,

average total costs for that period would fall. Thus the one period value of

the capital to the firm - the shadow rental price of capital, the one period

reduction in unit costs - is greater than the market rental price of capital,

implying that k is greater than unity and cost-reducing investment is induced;

the rate of such investment depending of course on the magnitude of adjustment

costs. In a similar way, when the firm is producing output to the left of the

minimum point on the SRUC curve (u < 1), qk is also less than unity, and incentives

for net increases in the capital stock do not exist. When the firm's actual

output equals its capacity output, both u and qk equal unity, and average cost

is at a minimum.

Primal and dual notions of multifactor productivity growth are illustrated in

Figures 2 and 3. Let the original LRUC curve be LRUCo, and let the new LRUC curve

reflecting an improved state of technology be LRUC 1 . Assuming that input prices

remain unchanged between periods 0 and 1, the effect of disembodied technical
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o 1
progress is to reduce LRUC from c to c . Using (21), which contains the long

run competitive equilibrium assumptions,dual multifactor productivity growth

B1/B1, which is calculated under the assumption that output remains unchanged,

is indicated by the cost reduction AB and would be measured as the logarithm

of the ratio Ocl/Oc . Under the slightly different assumption that input

quantities remain unchanged between time periods 0 and 1, and hence total cost

remains unchanged while unit costs falls, the-primal notion of multifactor pro-

ductivity growth A /A1 would be indicated by the output growth BD and would be

measured, using (20),as the logarithm of the ratio OY /OY. Under constant

returns to scale, the logarithm of the ratio Oc /Oc would (approximately)

equal the negative of the logarithm of the ratio OY 1/OY . [See (19)] i.e.,

ln[B1 (t)/B1 (t-1)] - ln[A 1(t)/A1(t-1)] 24

These primal and dual measures of multifactor productivity growth have been based

on the assumption that in both time periods, actual output equals capacity out-

put, i.e., u = 1. In terms of Figure 2, we have assumed that all observed

points correspond to economic capacity output levels and minimum unit costs

0 0 1 1
such as (c , Y ) and (c , ). We now provide a graphical interpretation of

multifactor productivity measurement when rates of capacity utilization differ

from unity.

In Figure 2, let the original level of output be Y rather than Y. Since
0

YS <YO, the original rate of capacity utilization u is less than unity. Let
0 

1 ' ~~~~~~~~~25the output level at time period 1 be Y. This implies that while u < 1, u = 1.
o

Assume that input prices do not change between time periods 0 and 1. Now if the

productivity analyst observed only the two data points (X°, YS) and (X1, y1),
0

if he incorrectly assumed that both points represented long run equilibria
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(where u = 1), and if he then measured multifactor productivity growth using (20),

he would overstate true multifactor productivity growth, since the horizontal

distance y _ Y is larger than _ y. By incorrectly assuming that (X°, Y)
0 0

represented a long run equilibrium, the researcher would be attributing to improve-

ments in the state of technology increases in output due partly to increases in

the rate of capacity utilization. Although improvements in the state of tech-

nology would be reflected in output increases from YO to yl, the additional

increase in output from to YO has nothing to do with multifactor productivity
0

growth, but instead reflects gains due to exploitation of short run increases

in capacity utilization from u < 1 to u = 1.26
o

The analysis for the dual measure is more complex since output price (P)

s
and short run unit cost c are not identical, and either might be used in the

traditional productivity calculation. Let us consider output price initially,

since its use corresponds to the dual theory which we have developed. In Figure 3,

p0 is the output price corresponding to and p1 the price corresponding to y
0

We assume the analyst observes (P , P ) and (P., P). In this case, use of
x x

equation (21) will lead to an underestimate of productivity growth since the

decline in price p1 _ p0 does not fully measure the decline in long run unit

o o po
cost c - c . The discrepancy, c - P , is the effect of the underutilization of

capacity on the price-cost relationship. Now suppose the analyst observes (cS, P0)
0 X

1 1
and (c, P ) and computes productivity growth using (21).

x~~~~
Unit cost cs is greater than c since production is the left of YO. In this

0o

case the dual measure obtained from the vertical distance (cs - cl) overestimates
0

multifactor productivity growth since a portion of the decline in unit cost

is due to an increase in capacity utilization (cs - co) and reflects short run

increasing returns to scale.0
increasing returns to scale.
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Let us now summarize the discussion to this point. Traditional multifactor

productivity growth measures are appropriate only if the observed data points

coincide with long run equilibrium conditions where output is produced at the

point of tangency between short run and long run average (unit) cost curves.

At this point, shadow rental prices Z and market rental prices P coincide.
m m

When Z P however, capacity utilization u 1; multifactor productivity
m''

growth should be measured using (30) or (39) which incorporate shadow value shares

of the quasi-fixed inputs, not market rental shares. There does not appear to

be any theoretical justification for the commonly used methods of adjusting

quantities of the quasi-fixed inputs when u 1.2 7 In the case of a single quasi-
Zk

fixed input (capital, K), when u > 1 the ratio qk= k is also greater than unity.
k k

Finally, note that if qk were observed or could be estimated, then one could

solve for Zk as Zk = qkPk substitute into (30) or (39), and thereby obtain a

measure of multifactor productivity growth that properly accounts for variations

in the rate of capacity utilization. This is the approach taken in the next

section.



-25-

IV. Empirical Illustration Employing Tobin's 

In this section we present an empirical implementation of multifactor pro-

ductivity measurement that attempts to incorporate variations in capacity

utilization in a theoretically consistent manner. Although the general empirical

applicability of the utilization-adjusted multifactor productivity measures (30)

and (39) may be circumscribed due to difficulties in obtaining reliable data on

the shadow values of quasi-fixed inputs, here we consider one case of special

empirical interest.

Assume the short run production function has J variable inputs vl, v2,...,vJ

and only one quasi-fixed input, physical capital K. A discrete approximation to

28
the productivity growth measure (30) can. be written as

J
ln[A2(t)/A2(t - 1)] = ln[Y(t)/Y(t - 1)] - I S(t)ln[vj(t)/vj(t - 1)]. (47)jJ

- Wk(t)ln[K(t)/K(t- 1)] 

where

S(t) = ½[sj(t) + sj(t- )] , kt [wk(t) + Wk(t - 1)](48)j 3t 1)], k W~t 1)

and

J

I S .(t) + Wk(t) = 1 . (49)
jul j

Recall from (29) that Wk(t) is the output elasticity of the quasi-fixed capital

input, and that Wk(t) therefore employs the shadow rental value of capital

Zk(t) rather than the market rental value Pk(t). Byway of comparison, note that

the traditional multifactor productivity formula (20) for A/A 1 assumes that capital
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is a variable input and that production always takes place at the minimum point

on the short run unit cost curve.

In order to implement empirically measurement of A2 /A2 using (30), it is

necessary to obtain data on the shadow rental price of capital Zk Our approach

here is to utilize a notion of James Tobin, called Tobin's q, and defined by him

simply as the market value of the firm (the value of the firm's securities -- debt

plus equity -- in the securities market) divided by the replacement cost of its

29
physical capital stock.

Tobin's q was riginally presented in the context of a financial portfolio

model, where a firm faced the choice of buying claims to a firm's assets or in-

vesting in the new plant and equipment directly. Whenever marginal q is greater

than unity, the firm maximizing its net worth will invest in plant and equipment

directly, rather than purchase financial claims to these assets, for in such a

way net worth is increased by the difference between the market valuation and

30
the costs of investing in the capital goods. A slight variant of q with more

"real" than "financial" structure was developed initially by Andrew Abel [1978,

Essay IV], discussed also by John Ciccolo and Gary Fromm [1979], and then

independently developed again by Hiroshi Yoshikawa [1980]. In its amended form,

q is defined as the shadow price of installed capital goods divided by the tax-

adjusted price of uninstalled capital goods. The numerator represents the mar-

ginal benefits of investment, while the denominator represents the marginal costs.

Using a dynamic optimization framework, Abel showed that investment is an increas-

ing function of the shadow price of this q. E. R. Berndt [1980] has implemented

empirically Abel's notion of q, incorporating also internal costs of adjustment.

In both its original and amended form, Tobin's q refers to the asset prices

of capital goods, not the rental or one-period prices. Brainard-Tobin 1976] note,

however, that when the earnings stream from an asset is expected to be constant,

then q can be interpreted as the ratio of Keynes' marginal efficiency of capital
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to the interest rate used by the firm to discount future earnings streams.

Hence, q can be viewed as the ratio of flow rates per unit of time.

Although the expectations hypothesis implied israther restrictive, here

we interpret Tobin's q in a related way as the shadow rental value of capital

Zk divided by the market rental value of capital Pk' i.e.

qk = Zk/Pk ' (50)

Since the denominator of qk represents the cost of capital faced by the firm,

k~~~
our measure of Pk will be the traditional Hall-Jorgenson rental price of capital

formula that includes tax variables, but that uses as the interest rate a

weighted average of the debt and equity borrowing costs of apital; Jorgenson's

31
measure has typically been an ex post internal rate of return. Given P arid

k

a measure of q, the shadow value of capital Z will then be computed simply as
k

Z = * q (51)
k k k

Empirical estimates of q for the U. S. nonfinancial corporate sector on an

32
annual basis are published regularly in the U. S. Economic Report of the President.

Measurement issues have been discussed by, among others, Daniel M. Holland and

Stewart C. Myers [1979, 1980], who work from the notion that "q reflects the ex-

pected profitability of corporate investment relative to the opportunity cost of

capital" [1979, p. 117]. Holland-Myers note that alternative estimates of q can

be obtained from the same underlying data base, due to alternative assumptions

about depreciation and service lives, historical book value versus current

replacement cost accounting, and narrow (structures, equipment, and inventories)

versus augmented (structures, equipment, inventories, land and working capital)

33
measures of capital stock.

In Table 1 below we present four estimates of q, three for the total U. S.

nonfinancial corporate sector and one forthe U. S. manufacturing sector.34nonfinancial corporate sector and one for -the U. S. manufacturing sector.
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Columns 1 and 2 are estimates constructed by Holland-Myers. Their "standard q"

estimates in column 1 tend to be slightly larger than their "augmented q" esti-

mates in column 2, primarily because the former includes in the denominator of

q only structures, equipment and inventories, hile the latter adds to the denom-

inator estimates of land and working capital. The cyclical behavior of both

measures is quite similar, however, each reaching a trough in 1949 and a peak

in 1965. In column 3 we list estimates of q as published in the 1981 Economic

Report of the President. These estimates are smaller than the Holland-Myers

augmented q estimates in all years except 1958 and 1970; the difference, however,

is rather small except for 1974. Unfortunately, the Economic Report of the

President does not provide details on how their estimate of q was constructed.

In column 4 we present Holland-Myers estimates of q (based on the "standard"

rather than "augmented" assumption) for the U. S. manufacturing sector. These

sector-specific estimates are more volatile than those for the entire nonfinancial

corporate sector. The manufacturing estimates vary, for example, from 1.98 in

1965 to 0.56 in 1978, whereas the corresponding nonfinancial corporate sector

estimates are 1.57 and 0.71.

Finally, since in our theoretical development we related q to an economic

notion of capacity utilization, in the final two columns of Table 1 we list

Wharton and Federal Reserve Board (FRB) estimates of capacity utilization (CU)

for the U. S. manufacturing sector. It should be noted here that these pub-

lished measures of CU are constructed in a rather mechanical way and have only

a limited rlationship with the economic measure of CU defined earlier as the

ratio of actual output to the output at which short and long run average cost curves

35
are tangent. The Wharton measure of CU is lowest in 1961, is surprisingly high 

in the 1.974-79 time period, and hits its peak in 1973; by contrast, the Holland-

Myers estimate of q is lowest in 1974 and highest in 1965. Hence there appears

to be considerable differences between q and the Wharton measure of CU. Trends
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in the FRB measure of CU, however, move more closely with q. As seen in the

last column of Table 1, the FRB is lowest in 1975 (when q is also very low),

and is highest in 1966 (when q is also very high).36 Hence there appears to

37
be considerable agreement between movements in q and in the FRB measure of CU.

Having discussed alternative measures of q, we now incorporate q into the

measurement of multifactor productivity. Annual data on capital (K), labor (L),

energy (E), non-energy intermediate materials (M), and gross output (Y) for the

U. S. manufacturing sector 1958-77 have graciously been provided by J. Randolph

Norsworthy and Michael J. Harper of the U. S. Bureau of Labor Statistics. These

data are discussed in greater detail in the Data Appendix.

Using these data, we calculate both A, /A1 and A/A 2 . Recall that the former
JL 1 2 2'

assumes all inputs are variable, whereas the latter allows capital to be quasi-fixed

in the short run and permits production to be at output levels other than the

minimum point on the firm's short run unit cost curve, i.e. A2/A2 incorporates

variations over time in capacity utilization. Results are presented in Table 2.

At the bottom of Table 2 we present average annual growth rates for tradi-

tional (A1/A) and utilization-adjusted (A2/A2 ) measures of multifactor productiv-

ity. Over the entire 1958-77 time period, the two average nnual growth rates

are virtually identical -- 0.831 and 0.832 percent per year. Moreover, the two

measures differ only very slightly over the 1958-65 sub-period -- 1.366 and 1.382

percent per year. Beginning in 1965, however, the measures show slightly greater

differences. Although the traditional productivity measure drops 0.462% per year

from 1965-73 to 1973-77, the utilization-adjusted measure drops only 0.343% per

year. This implies that slightly more than 25% of the traditionally measured

decline in productivity growth from 1965-73 to 1973-77 in U. S. manufacturing can

be attributed to declines in capacity utilization. We conclude that although

incorporation of variations in capacity utilization into productivity calcula-

tions reduces the differences in growth rates among sub-periods, it is clear

from Table 2 that substantial differences still remain to be explained.
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TABLE 1

Empirical Estimates of Tobin's q

U. S. Nonfinancial Corporate Sector

Holland-Myers Holland-Myers 1981 Economic Rport
"Standard " "Augmented q _ of the Prcsident

1.00
0.87
0.71

0.79
0.72
0.72
0.71

0.77
0.97

0.98
0.92
0.91
1.15

1.10
1.29
1.24
1.39

1.49

1.57
1.43
1.41
1.38
1.31

0.97
1.12

1.20
1.16
0.92
0.79
0.88
0.79
0.71

0.87
0.74
0.60

0.68
0.64
0.66
0.65
0.68
0.86
0.89
0.82
0.79
1.01

0.97
1.13
1.09
1.22
1.28
1.37
1.23
1.22
1.19
1.13

0.84
0.98
1.03
1.00
0.93
0.72
0.79

0.855
0.837
0.775
0.810
0.977

0.954
1.055
0.998
1.096
1.174
1.247
1.126
1.138
1.174
1.053

0.861
0.939
1.011
0.932
0.666
0.658
0.743
0.656
0.606
0.561

U. S. Manufacturing

Holland-Myers CU CU
"Standard q" Wharton FRB

0.96
0.80
0.60

0.74
0.62
0.60
0.62
0.69
0.98
0.97
0.92
0.83
1..19

1.15
1.33
1.31
1.48
1.73
1.98
1.66
1.57
1.68
1,50

1.01
1.21
1.29
1.10
0.54
0.65
0.68
0.68
0.56

82.5
74.2

88.1
90.5
87.9
84.0
74.2
78.9

76.9

73.7

76.5
77.7
79.5

84.2
88.2
86.9
89.2
90.1

84.0
82.6
87.7
92.9

90.2
79.4
85.5
88.1
90.9
92.6

82.8
85.8
85.4
89.2
80.3
87.1
86.4
83.7
75.2
81.9

80.2

77.4

81.6
83.5
85.6
89.6

91.1

86.9
87.1

86.2

79.3
78.4

83.5

87.6

83.8
72.9

79.5

81.9
84.4

85.7

SOURCES:

Column 1: Holland-Myers [1980], Table 2, p. 322.

Column 2: Holland-Myers [1979], Table Z, p. 114.

Column 3: 1981 U. S. Economic Report of the President, Table B-86, p. 331.

Column 4: Holland-Myers [1980], Table 2, p. 322.

Column 5 and

Column 6: 1981 UI. S. Economic Renort of the President, Table B-43, p. 281.

1947
1948
1949

1950
1951
1952

1953
1954

1955

1956
1957
1958

1959

1960

1961
1962

1963

1964
1965

1966

1967

1968
1969

1970
1971

1972

1973
1974

1975
1976

1977
1978

1.979
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TABLE 2

. Traditional and Utilization-Adjusted

U. S. Manufacturing,

A1

.8718

.8869

.8854

.8949

.9070

.9674

.9695

.9613

.9806

1.0000

A2

.8744

.8896

.8883.

.8974

.9102

.9685

.9700

.9605

.9798

1.0000

Measures of Productivity

1958-77

YEAR

1963

1964

1965

1966

1967

1973

1974

1975

1976

1977

- A1

.9312

.9472

.9587

.9592

.9542

1.0116

.9823

.9914

1.0074

1.0202

Measured Average Annual Growth Rate

A1/A1 A2/A2A A

1958-77

1958-65

1965-73

0.831

1.366

0.674

0.832

1.382

0.628

0.212 0.285

YEAR

1958

1959

1960

1961

1962

1968

1969

1970

.1971

1972

A2

.9346

.9507

.9626

.9620

.9553

1.0120

.9833

.9960

1.0109

1.0236

-

1973-77
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V. Concluding Remarks

Although a great deal of empirical research on productivity measurement has

taken place in the last decade, one issue remaining particularly controversial

and decisive is the manner by which one adjusts the productivity residual for

variations in capital and capacity utilization. In this paper we have used

the Marshallian framework of a short run production or cost function with certain

inputs quasi-fixed, and have provided a theoretical basis for accounting for

variations in utilization by altering the value of services from stocks of quasi-

fixed inputs, rather than their quantity. This represents somewhat of a departure

from previous procedures that adjusted the quantity of capital services for vari-

ations in utilization. In the empirical illustration, we employed Tobin's q

to measure the shadow value of capital, and found that for the U. S. manu-

facturing sector, we could attribute 25% of the traditionally measured decline in

productivity growth during 1973-77 to a decline incapacity utilization.

The market rental price of capital Pk used in our measure of qk = Zk/Pk

employs as the cost of capital r a borrowing rate from the securities market.

This procedure differs from that of Jorgenson and his associates, who typically

assume qk = 1 but use as their estimate of r in P the ex post rate of return
k ~~~~~~~~~k

earned on the beginning-of-year capital stock. Not surprisingly, the real price

of capital Pk/P using such an ex post internal rate of return is highly corre-

lated with q k' In our U. S. manufacturing data 1958-1977, the simple correlation

between the Holland-Myers estimate of qk and a Pk/P measure using an ex post in-

ternal rate of return is 0.955; the qk measure, however, exhibits considerably

more cyclical variation.

Our discussion has focussed on multifactor productivity measurement, but

our results also have implications for the interpretation of labor productivity

growth. Of course the measure of labor productivity growth, Y/Y - L/L, is un-

affected by variations n the utilization of non-labor inputs. However, since
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labor productivity growth can be rewritten in terms of multifactor productivity growth,

- -- = -- sj + - (52)L A2 j=1 L Ml f L

it is clear that the role of the utilization-adjusted A2/A2 in "explaining"

growth in labor productivity is affected by variations in capacity utilization.

In this paper differences between shadow values and market values of

capital were posited to be due to costs of adjustment. This suggests that

costs of adjustments could be included explicitly into the short run production

or cost function, and productivity could then be represented as the time shift

38
in this function. Capacity output could be redefined in terms of costs in-

clusive of adjustment costs. Alternative expectations assumptions could also

be incorporated. An empirical disadvantage of such an approach, however, is

that data on adjustment costs are not easily obtained, and thus empirical imple-

mentation might be difficult.

Finally, it is well known that average and marginal values of q are likely

to differ, particularly when the characteristics of the capital stock in place

vary considerably from those embodied in new plant and equipment. For example,

the energy efficiency of certain equipment manufactured and sold in the U. S.

during the late 1960's and early 1970's may be lower than that sold in the 1950's

or being produced today. As a consequence, the market value of capital in place

may be considerably less than the market value of new equipment, and average q

may be much smaller than marginal q. Such vintage effects need to be examined

more carefully, both theoretically and empirically, and their implications for

39
productivity measurement assessed.

In order to better understand recent trends in productivity growth, partic-

ular account must be taken of the utilization and characteristics of the capital

stock. This paper represents a first step in that direction..
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DATA APPENDIX

Annual data on input prices and quantities for capital (K), labor (L),

energy (E) and non-energy intermediate materials (M), as well as gross output

(OUTPUT) are listed n Table A-1. These data were generously provided by

J. Randolph Norsworthy and Michael J. Harper of the U. S. Bureau of Labor Statis-

tics. Capital is a Divisia aggregate index of producers' durable equipment,

nonresidential structures, land and inventories; the capital rental price accounts

for tax factors, depreciation, and uses for the rate of interest the Moody AA

bond yield. Labor quantity measures incorporate variations over time in the

composition and educational attainment of the labor force, as well as inter-

industry shifts. The energy data represent purchases of various energy types

for heat, light and motive power, while M data are based on establishment sur-

veys and censuses, and include sales between establishments within the manufac-

turing and nonmanufacturing firms. The gross output measure represents deflated

sales plus changes in inventories.
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FOOTNOTES

1. See, for example, Frank Gollop and Dale Jorgenson [1980] and Kent Kunze
[1979].

2. See Zvi Griliches [1980a,b] and John W. Kendrick [1979].

3. For example, see M. Ishaq Nadiri [1980], Ernst R. Berndt [1980b], and
Dale W. Jorgenson and Barbara Fraumeni [1981].

4. See Robert Crandall [1980] and the references cited therein.

5. The literature on this topic is extensive; see Robert Solow 1957], Edwin
Kuh [1960] and Thor Hultgren [1960], as well as the earlier references
cited therein.

6. Dale W. Jorgenson and Zvi Griliches [1967], p. 272.

7. For more recent data, see Murray Foss [1981].

8. See Edward F. Denison [1969, i972] and Dale W. Jorgenson and Zvi Griliches

[1972].

9. Laurits R. Christensen and Dale W. Jorgenson [1970], Table 12, p. 47.

10. See for example Frank M. Gollop and Dale W. Jorgenson [1979, 1980], who
estimate that over the 1948-1973 time period in the aggregate U. S. private
economy, growth in inputs contributed 67.5% to growth of value added output,
while technical progress was responsible for the remaining 32.5% [1979, 9.5,
p. 9-25]. It should be noted that in the Gollop-Jorgenson disaggregated
sectoral analysis, the output measure used is gross output rather than value
added, and intermediate inputs such as energy are included. The incorpora-
tion of energy inputs into total factor input measures indirectly takes
account of variations in capital utilization, but measured capital input is
still unaffected by fluctuations in utilization. See E. R. Berndt [1980a]
for additional details.

11. Further details are provided in Appendix I in Denison [1979a].

12. See "Discussion" on page 444 following the "Comment" by Denison [1979b]
on J. Randolph Norsworthy, Michael J. Harper and Kent Kunze [1979].

13. The constant returns to scale assumption is not crucial to the development
of this section, although it does simplify the exposition. For a similar
analysis in the case of non-constant returns to scale, see Michael Denny,
Melvyn Fuss and Leonard Waverman [1981].

14. This result can also be obtained by assuming the firm is a cost minimizer
subject to exogenous output requirements. See Denny, Fuss and Waverman
[1981] for the derivation under this asstmption which does not impose per-
fect competition in output markets.

15. For further discussion, see W. Erwin Diewert [1976].
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FOOTNOTES (cont'd)

16. In the case of non-constant returns to scale, Al/Al = sY B /B1 where z
is the scale elasticity (Ohta [1974]). If is known, ei ±he the primalKn, either tep a
or dual rates can be used in the measurement of total factor productivity
growth (Denny, Fuss and Waverman [1981]).

17. The discrete primal and dual approximate indexes are themselves only approxi-
mately equal to one another. For an analysis of the relationship between
the finite difference equations (20) and (21) see Denny and Fuss [1980].

18. The notion of a short run profit or production function was discussed in a
rigorous manner by Paul A. Samuelson [1953-1954].

19. Adjustment costs have been discussed in a rigorous manner by Robert E.
Lucas, Jr. [1967] and have been implemented empirically by Berndt, Fuss
and Waverman [1979] and Catherine J. Morrison and Ernst R. Berndt [1981].

20. This function is also known as a restricted cost function. See Berndt,
Fuss and Waverman [1979].

21. As noted earlier, this tangency relationship is the general criterion,
valid in non-competitive environments.

22. However Y would correspond to the firm's long run profit maximizing output
in a competitive industry with easy entry and exist.

23. For further elaboration see Berndt and Morrison [1981].

24. This is true only for the constant returns to scale case. See footnote
16.

25. We could have assumed u1 1 without any conceptual change, but with some
unnecessary additional complication to the diagram.

26. Using the above analysis, we can decompose the traditional measure of multi-
factor productivity growth; since A1 /A = ?/Y - X/X = (/Y -X*/X*) + (X*X -X/X)
= A /A + (X*/X* -X/X) where (*/X* -XiX) is the capacity utilization effect.
A smi ar decomposition exists for the dual measures analysed below.

27. However one could find f* such that P()Y/f*) = P , and use f*, P in the
productivity formulas. This would be equivamlent t adjusting mthemquasi-
fixed factors for capacity utilization effects.

28. Denny and Fuss [1981] have shown that the approximation (47) can be obtained
as the difference between two second order logarithmic expansions of ( 23)
around the exogenous variables evaluated at t and t-l respectively. Equation
(47) is exact if (23) is quadratic in logarithms (i.e. a translog function).

29. See James Tobin [1969] and William C. Brainard and James Tobin [1968].

30. For further discussion, see James Tobin and William C. Brainard [1976].
Empirical studies of investment behavior based on q include those of John
Ciccolo and Gary Fromm [1979], George M. von Furstenberg et al. [1980],
William Fellner [1980], and Michael A. Salinger and Lawrence H. Summers
[1981].
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FOOTNOTES (cont'd)

31. Discussion of this formula is found in, among other places, Ernst R. Berndt
[1976].

32, See, for example, the 1981 Economic Report of the President, Table B-86,
p. 331; for 1980, Table B-85, p. 303.

33. Indeed, one might interpret q as the market value of the firm's intangible
plus tangible capital divided by the replacement value of its tangible
capital. Holland-Myers [1979, p. 50] find, however, that the intangible
assets, growth opportunities and monopoly rents "counted for very little
when NFC's [nonfinancial corporations] are examined in aggregate."

34. For two-digit manufacturing estimates, see George M. von Furstenberg et al.
[1980].

35, See Ernst R. Berndt and Catherine J. Morrison [19811 and the references
cited therein for further discussion of data construction procedures for CU.

36. Note also that q measures are based on end of year securities values, while
CU measures are averaged over the four quarters of the year.

37. For the manufacturing sector 1958-77, the simple correlation between the
Wharton measure of CU and q is only .012; between FB and q, 0.675; and
between Wharton and FRB, 0.621.

38. See Catherine J. Morrison [1981].

39. See Robert M. Solow [960], J.B. Shoven and A.P. Slepian [1978], and
Martin N. Baily [1981b].
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