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ABSTRACT

Our test of price-taking behavior looks at the choice of
capacity rather than the choice of output. It is motivated by a
complete spot markets model in which goods are distinguished by
the selling probabilities in addition to other characteristics.
When output is explained by total man-hours and a capacity
utilization proxy, the coefficient of the first variable is the
elasticity of capacity with respect to fixed labor. Under
competition and risk neutrality this coefficient is equal to an
average labor share. We use this observation to interpret
Abbot-Griliches-Hausman’s regressions and to argue that once the
capacity utilization proxy is included in the regression, Hall's
data at the manufacturing level fail to reject the joint
hypothesis of competition and risk neutrality. It is also argued
that the coefficient of total man-hours does not tell us anything
about monopoly power once the capacity utilization proxy is

omitted from the regression.

Benjamin Eden Zvi Griliches

The University of Iowa Harvard -University
and and

Technion-Israel Institute NBER

of Technology



Introduction

Recently Hall (1988, 1989) found that the short run elasticity of output
with respect to labor is too high relative to the prediction of the standard
competitive spot market model. Hall’s empirical findings confirms previous
findings by Okun and others. (See, Gordon for an excellent survey and
additional references). Hall interprets his findings as evidence of monopoly
power and/or increasing returns to scale. An alternative interpretation is that
when output goes up both labor and capacity utilization go up. When we fail to
measure the increase in capacity utilization, labor gets an “"undeserved” credit
for the increase in output and output elasticity with respect to labor appears to
be "too high".

Abbott, Griliches and Hausman (A-G-H) examined the hypothesis that
factor utilization is an omitted variable in the regression of the growth rate of
output on the growth rate of labor input as measured by manhours per unit of
capital services. They used hours per employee as a proxy for both capital and
labor utilization rates and found that after the inclusion of this utilization
variable in a simple OLS regression, the elasticity of output with respect to
labor is not significantly different from the prediction of the standard
competitive model.}

Hall assumes that the marginal product of cépital is zero whenever
capacity is not fully utilized and therefore labor should take all the credit for
the increase in output. Here we defend the capacity utilization explanation
against this objection and use a competitive model to interpret some of the key
regressions in A-G-H.

The standard competitive spot market model defines goods by their
physical characteristics and the place and time of delivery. The Arrow-Debreu
(A-D) model defines goods by the state of nature iﬁ which delivery will occur.
in addition to other characteristics. Here we define goods by the probability of

sale which is the spot market analog of the state of nature characteristic in
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(Qy, Q2 , V) maximize the expected profit (1) and (b) Qi is equal to the number
of buyers whose reservation price {s above Pj .

We claim that equilibrium prices are given by:

(2 Pi=wd; Py = wé + w2a.

To see this claim note that for the prices (2),any V 20,Q =V and Q; =V is
a solution to (1). Since the reservation price 6 is sufficiently large, in
equilibrium all customers will have a meal: Q= Ny and Q2 =Ny .

In this standard competitive model there {s excess capacity in the state
of low demand and the price in this state is equal to SRMC = w¢. In the state
of high demand the price is higher than LRMC = w($ + A).

The complete spot market model: Goods are defined by the probability of sale

in addition to other characteristics. There are two goods with the physical

description “lunch”. Let X denote lunch that will be exchanged (sold)
regardless of the aggregate state (with probability one) and X, denote lunch

that will be exchanged if the aggregate state is 2 (with probability 1/2).

There are two goods with the physical description "money”™: Y denotes money
that will be exchanged (recelved) regardiess of the state and Y, denotes money
that will be exchanged if the aggregate state is 2. The price of X; in terms of
Yi Is Py. Risk neutrality implies that the shadow price of Y, in terms of Y is
1/2. We shall use Y as a numeraire.

Buyers arrive sequentially and can see all prices: they buy cheaper

lunches first. We can think of the first group of Ny buyers as participating in
the market for Xy and the second group of No = Ny buyers as participating in the
market for Xo if they do arrive. Thus the first market is opened with

probability one and the second market is opened with probability 1/2.
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the equilibrium quantities are demand determined.

Condition (S) says that the price Py is equal to LRMC expressed in terms
of money that will be spent with certainty. That is in terms of Yy . Since risk

neutrality implies that a dollar which is spent with certainty is equivalent to

two dollars that are spent with probability half, the shadow price of Yy in
terms of Y4 is 2, and we can interpret (5) as saying that the price P, is equal
to LRMC expressed in terms of Y, . To understand why only the LRMC is
relevant let qg denote the probability that market s will open (qy = 1, g2 = 1/2)
and let Vg denote the capacity allocated for the production of Xg. Then we can

write the problems (3) and (4) as3:
(*) maxy (maxy (Ps - $Wixg ; s.tu Xg = Vg ) - (WA/Qg)Vs .

The solution to (*) must satisfy xg = Vg and therefore in terms of this
enlarged commodity space, “capacity under-utilization” or "capacity
over-utilization” do not occur: The cost of increasing production must include
the cost of increasing capacity and therefore all prices are equal to LRMC.

We now express (5) in terms of the numeraire commodity* Yy :

(6) ENR = (Py - w) = (Po - w)/2 = wx = MCC,

where ENR denotes the expected net revenue per unit of capacity (net of
operating cost) and MCC is the marginal capacity cost. Thus ENR is the same
for both goods and is equal to MCC.

If we fail to distinguish between X1 (lunches that will be sold with

probability one) and X2 ( lunches that will be sold with probability less than

one) we will erroneously reject competition because in the state of low demand

the price is greater than
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(8)/(9) = ($ + 2)/$, which is the ratio of long run marginal cost (LRMC) to
short run marginal cost (SRMC). This ratio is always greater than unity and is
large when the marginal capacity cost wX is large relative to the variable
costs wé .

A numerical example may help. Assume that w = 1, A = 1/2,

$ =1, Ny =6 and No = 10. In this case the price of the “first” 6 lunches is 1.5

and the price of the "last” 4 lunches is 2. The equilibrium data is described in

Tabte 1.

period output labor input average price wage bill revenue share
1 6 11 1.5 1 9 1.22
2 10 15 1.7 15 17 .68

Table 1

Now dq = In10 - In6 =.51 and dn = In1S - Inl1 = .31. And
dq/dn = 1.65 which {s greater than (any average of) the share of labor in
revenue .

The numerical example of Table | is repeated in Table 2, for the case in
which prices are taken from the standard spot market model: 1 in the case of

low demand and 2 in the case of high demand.

period output labor average wage revenue share average

input price bill share
1 6 R 1 11 6 1.83 1.29
2 10 15 2 15 20 .75
Table 2

Note that prices in the complete spot market model fluctuate less than in

the standard model. Since total revenue is the same in both models average
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empirical findings as showing that this invariance property “fails
conspicuously” and concludes that “the assumptions Solow made in developing
the now-standard approach to productivity measurement are clearly false.” He
then tries to find which of the underlying assumptions do not hold and suggests
first monopolistic power and then increasing returns as well as other factors,
as possible explanations for this phenomenon.

Differentiability is critical in deriving the invariance property (equation
2.2 in Hall’s paper) but the lack of differentiability is not considered as a
potential reason for its failure. To show that this may be the case, let us start
with what Hall regards as a non-explanation. This {s the case of overhead labor
which {s labeled as non-explanation | and {s identical to our restaurants
example.

Hall shows that the Solow residual is zero if we start from a period in
which capacity {s underutilized. In terms of our example, under the standard
model (8)/(9) = 1, if we use the underutilization period as a base. This does
not work if we take a perfod in which capacity is fully utilized as a base.

Using the data from Table 2, reveals that the logarithmic derivative,
dq/dn = 1.65, does not depend on which period we take as a base.” Labor share
in the period of low demand, 1.83, is roughly the same as dq/dn. But labor
share in the period of high demand, .75, is much lower than dq/dn. For the
two periods taken together the wage bill equals total revenue and the average
share so defined is unfty, which {s again lower than dq/dn.

The fatlure of the fnvarfance property in this case is due to the fact that
there are two separate processes in this example: the capacity generating
process and the process of transforming capacity into output. Each process is
well behaved but together they are analogous to the production function
Q = min{F/X\ , V/¢). where here F is fixed or overhead labor and V is variable
labor. This production function {s not differentiable at the relevant points and
therefore does not satisfy Solow’s assumptions.?

To test for increasing returns to scale, Hall (1989) suggests a
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of a single good. This is a reasonable simplifying assumption because there are
no benefits from producing all the goods together. The more “realistic” case in
which each firm produces all goods with physical characteristics X {s studied
in the Appendix where we obtain the same main results as in the single good
case.

The day (period) is divided into two. Capacity is generated in the first
part. Demand may show up with probability qg in the second part. It is
assumed that (V)17 units of labor are required to create V units of capacity
and ¢(V)‘/°‘ units of labor are required to transform V units of capacity into V
units of output. Employment must be chosen at the beginning of the day before
demand s realized. A firm that wants to create V units of capacity will hire
L = (V)17 ynits of labor nput, where each unit of labor works one unit of time
to create capacity and an additional ¢ units of time If demand s realized. The
number of hours per unit of labor, H, is thus: [ or 1 + ¢.

A firm that produces and sell Xg at time t will solve:

(10) max | qslPstLst)® - Wil + $)Lgtl - (1 - qs)Wilst s

where W¢ Is the wage rate at time t. (For a more general labor contract, see

the Appendix). The first order condition for (10) is:

(1) EWy/ oxllg)®*™ ! = qsPst

where EWp = qgW¢(1 + ¢) + (1 - qg)W¢ Is the expected wage payment per

employee. From the first order condition (11) we get:

(12) ETW/ETR = LgtEW/qgPstllot)™ = «

where ETW denotes the expected total wage biil and ETR denotes the expected



UOI31PUOD 13pJ0 3SJL) AY) puR (g1) uayy "aueys Joge| abesase ayy ajousp g 397

* Hp({»-¢) + upx = dp (81)

91LIM URD M

‘HP + 1P = Up (1)

‘adulg "sunoyuew Jo yndul [R303 ayy ajouap I 387t b-Izup - Izul = 2Zp ausym

‘ Hp¢ + Ip® = DP (91)

$931JM URD BM (Q1) JOpUf "uRwWw

J2d sunoy o3 yoadsau y3im uolyeziliyn Ayoedes jo Ryto13sela ayy s| 0 < ¢ ataym

‘ Huld + e = {(H)b)ul (51)

iz uonjewxoadde ayy asn [|eys am

" (H)bx(31) = 30 (#1)

:se 3D 3ndino pazi|ead a)iuM pue uo3e2|I3n

fyroedes jo aunseaw e se ( )6 asn ues am 4| = (¢ + 1)6 pue o = (1)6 adu)g
“d/(h - HY = (WD (g1)

‘307
11"eaeys uoge| afeaaae ue oy |enba s} ‘0

‘Joge| paxiy oy yoadsau yyym fRyjoedes Jo Ayoiysee auy jeyy sfies (Z1) auojaleyy

pue 5;aueys Joqe| abesaae ayy o3 |enba filejew xoudde sy y13/M13 *anuaAal (B30}

cl



13

(12) imply that ¥ = 1 in the following equation:

(19) dQ = ¥5dn + (f-x)dH .

The capacity mark-up coefficient: To show that the parameter ¥ can be used to

measure market power, consider the following monopoly problem:

(20) max | qIP(L®) + L% - W(1 + $IL] - (1 - QWL ,

where subscripts were omitted and P(L%) denotes the inverse demand function

in market s. The first order condition for (20) fs:
Q1 EW/ «L%" 1 = qr(1 + 1/7),
~ where m denote the elasticity of demand. It follows that:
(22) S = LEW/QPLX = & (1 + 1/7),
and therefore:
@238 = 1/ +1/m).
To interpret ¥, note that the left hand side of (21) is the full marginal capacity
cost (FMCC): the cost of creating an additional unit of capacity and using it to
make output whenever the market opens. Using ER = qP and (21) leads to:

¥ = ER/FMCC = the ratio of the expected revenue per unit of capacity to the full

marginal capacity cost, or the "capacity markup” for short.

Demand driven economy: OLS is appropriate when demand shocks dominate. We.

therefore start by assuming that changes in the probability distribution of N
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utilized, waiters wait until all customers finish lunch but they are actually
busy only 90X of the time. When demand {s high and all capacity is utilized,
walters are busy all the time and when they finish serving the meals they help
to wash dishes, staying at work 10X longer. Observed capacity utilization {s
up by 20%, hours per employee are up by 10X , effort is up by 10X and true
hours are up by 20% . In this example, the elasticity of capacity utilization
with respect to true hours is one and the elasticity of capacity utilization with
respect to measured hours, or $, is 2. The elasticity of effort with respect to

measured hours, Meay , is 1.

More generally, if the elasticity of cpacity utilization with respect to
true hours {s one, then § = 1 + mgy and our estimate of § = 2.5 implies
MeH = 1.5 . Thus a 1X increase {n measured hours {s associated with a 1.5X

increase in effort.1?

Supply shocks: We now assume that (V /6)1/% units of labor are required for

creating V units of total capacity, where 6 is a supply shock realized at the
time employment decision are made. If the market {s opened then the firm will
need an additional ¢[V/e]|/°< units of labor to transform capacity into output.
A firm that wants to create V units of capacity will hire
L = (v/6)1/« units of labor input, where each unit of labor works one unit of
time to create capacity. The amount of additional time per unit of labor which
is required to transform capacity into output is ¢ units of time per unit of
labor.

The firm maximizes:

(26) gPOLX - LEW .

This leads to:

(27) dQ = 8Sdn + ($-x)dH + de,
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(10°) meax [ qUIPLX - W(1 + $)L] + (1 - QU(-WL) ,

where U is strictly concave and differentiable. Let U'(2) = U[PL™ - W(1 + $)L]
denote the marginal utility in the good state and let U’(1) = U'(-WL) denote the
marginal utility in the bad state. The first order condition for (11°) is:

(1) W/ wl® ! zgp;

where

(29) W’ = qW(l + $) + (1-@W{U (1) /7 U(2)),

is a "certainty equivalent” of the random wage payment. Note that (11’) leads

to:

(13) LW//ETR = .

Let,

(30) ¥ = W/EW

denote the ratfo of the “certainty equivalent” wage payment to the expected

wage payment. Concavity implies that ¥ > 1. Substituting (30) in (13’) leads to:

(31) 8 = ETW/ETR = /¥ .

Therefore the coefficient of Sdn in the regressions which includes both Sdn and
dH as explanatory variables should be ¥ > 1.
The size of ¥ depends on the length of time for which employment is

“fixed”. If for example labor is fixed for a year then the risk premium on wage
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the “capacity mark-up” coefficient in the presence of risk aversion. At the
present we can say that this coefficient should be greater than unity even in
the absence of monopoly power. A more powerful prediction requires the length
of time for which labor is “fixed".

Another extension will allow for goods to differ both {n the time of
delivery and the probability of being sold: It will be interesting to study the
behavior of a restaurant that can serve meals at any time during the day rather
than only at lunch-time. Similarly, we should allow manufacturing firms to
increase both the number of shifts and the number of hours per shift in

response to 2 high realization of demand.
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¢ when the individual demand function {s downward sloping, average price in the
complete spot markets model is higher relative to the standard model. To see
this point, note that the quantity sold to the first Ny buyers will be smaller
under the complete spot markets model and therefore the measure of demand

variability (in footnote S) is larger.

? The arc elasticities will differ depending on where they are evaluated at.
With 1 as a base, it is 1.83; with 2 {t is 1.5. At the ratio of the averages it
is 1.63. At the average of the ratios it is 1.67, close enough to the

logarithmic derivative.

8 It seems that non-differentiability is required to maintain Hall’s assumption

of zero shadow price of capital in periods of underutilization.

? Hall admits other explanations. These are of two types: other market

imperfections and measurement errors. External effects, monopsony power and
changes in work effort which do not change workers’ compensations falls in the
first category. The last item falls in this category because perfect competition
requires perfect information and in this case workers’ compensation must be a

function of effort.

10 Because of Jensen’s inequality, our definition of average labor share
ETW/ETR is lower than the average of wage payments divided by revenues
E[TW/TR] which is the definition of s used by A-G-H. In practice we expect

that the difference between the two definitions is not large.

‘1 To illustrate (12) note that in the numerical example of Table 1, the
elasticity of output with respect to fixed labor is one and the ratio of the

average wage bill to the average revenue is 13/13 = 1,
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where qg = Prob(f{ > N). Substituting the constraint in the objective

function we get:

(A7) (LD s qsPstiist — LtEW .

The first order condition for (A7) are given by :
(A8) «L="TER = EW ;

where ER = 3 ¢ qsPstligt is the expected revenue per unit of capacity .

Multiplying both sides of (AB) by L and using V = L leads to:
(A9) ETW/ ETR = «,

Thus in this model, the average labor share is equal to the elasticity of

capacity with respect to employment, «. Here,
(A10) g(H) = (H- 1)/ ¢ = Js<y s -

We can therefore write Q¢ = (Lt)%g(H) as in the single good case and

follow the same procedure as before.





