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the hours paid/hours worked distinction) can be updated with readily avail-
able data by persons interested in using these more appropriate measures
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I. Introduction

There is no single measure of labor costs that is appropriate for
all purposes. Surely the measure appropriate to the employee relates
his take-home pay plus the probabilistically weighted future stream of
benefits deriving from his taxes to the disutility of the hours he works.
This is clearly different from the measure that a profit-maximizing em-
ployer will use in her hiring decisions. While I do not claim that the
measures developed here are ideal descriptions of the aggregate variable
characterizing the typical employer's decisions, they seem far better
than those used in the voluminous literature that employs measures of
labor costs either as indicators of the price of labor or (still less
appropriately) as indicators or workers' well-being.

In Section II I develop alternative quarterly time series of labor
costs and show how their time paths over the past quarter century differ
from that of average hourly earnings. Section III examines the general
issue of whether replacing average hourly earnings by these labor cost
measures in standard labor demand models affects the estimates of the
demand elasticities that are produced. These models are estimated using
payroll employment data for four major industries and for the entire pri-
vate nonfarm sector. Finally, Section IV examines the extent to which
the insensitivity of the growth rate of nominal wages in the U.S., to
which others have pointed, is real or merely an artifact based on too
narrow a measure of labor costs. Though these two sections and the dis-
cussion in the concluding Section V show the value and importance of
using better measures of labor costs, such demonstrations are only part
of my purpose here. As important is the construction of the new measures
of labor costs themselves. To facilitate their use by others I present

the values of these series in the Appendix.



IJI. Measures of Labor Costs

Series on average hourly earnings (see Employment and Earnings,

any issue) are based on all regular payroll, including paid vacations,
holidays, etc., but excluding irregular payments, such as Christmas and
other bonuses, and required or nonmandatory fringe benefit charges. The
measure is clearly quite far from the employer's average cost of an hour
of labor input into production. Even the Bureau of Labor Statistics'
measure of average hourly compensation only includes employers' payments
for fringes such as Social Security, workers' compensation, health, retire~-
ment, etc. Despite commonly-held views to the contrary (see, cg., Sachs,
1979), the distinction between hours worked and hours paid for does not
enter into this measure, and bonuses are excluded:
Hours of wage and salary workers in nonagricultural
establishments refer to hours paid for all employees
--production workers, nonsupervisory workers, and
salaried workers.
Compensation per hour includes wages and salaries of
employees plus employers' contributions for social

insurance and private benefit plans. (Employment and
Earnings, February 1981, p. 181).

The usercost of training, which surely must be considered part of
the average cost of labor, also does not appear in either of these measures,
1 . .
nor does the net (after-tax) cost of labor. In this section I develop
a series of increasingly complex measures of labor costs that take account

of these omissions from the commonly used series on wages and compensation.

These include measures of the cost of an hour of work (COSTWK); that mea-
sure adjusted for the tax treatment of labor costs (COSTTAX); cost per

hour worked plus the user cost of training (ECNT); and this last measure
adjusted for the tax treatment of labor costs (EC). All the calculations
are presented separately for manufacturing and the private business sec-

tor (because the U.S. Chamber of Commerce data, on which many of the



calculations are based, have a sufficiently large sample of firms only
in manufacturing among the individual industries analyzed).2
I start with the first three series whose trends are presented
in Table l--straight-time average hourly earnings (AHES); average hourly
earnings (AHE), and compensation per hour (HCOMP).3 For both manufactur-
ing and the private business sector I present the trend rate of growth
of each series between 1953:I and 1978:IV, and the actual growth rate
between 1968:1IV and\l978:IV.4 The values of AHES for manufacturing, AHE,
HCOMP, and those of all the series derived here, are presented in Appendix
Tables A.1 and A.2. The growth rate of each series in Table 1 is in
real terms: The deflator for manufacturing is the producers' price index
of manufactured goods, that for private business is the deflator for
output from the private business sector.5 Not surprisingly, given the
sharp increases in mandatory social insurance payments, and in bargained
and unilaterally granted retirement and health benefits, real hourly com-
pensation has increased far more rapidly, both in the entire postwar pe-
riod and in the last decade, than have average hourly earnings. Clearly,
even the slightly more comprehensive measure, hourly compensation, may
produce substantially different views of phenomena relating to labor cost.
As the first step in modifying the existing cost series, I account
for the existence of irregular payments, such as bonuses and the distinc-
tion between time paid and time worked. This latter distinction accounts
for clean-up time, vacations, holidays, etc., though not for on-the-job

leisure. I define the cost per hour worked as:

COSTWK = (HCOMP + OTH*AHE)/(l—sl),



where HCOMP is the BLS compensation per hour paid; OTH is the fraction
of payroll in the.Chamber of Commerce surveys for irregular payments to

labor; and s, is the fraction of payroll in the surveys that goes for

1
time not worked.6 As Table 1 shows, this series has increased somewhat

more rapidly than even hourly compensation (almost entirely because of
increases in the 1ength of paid vacations and the number of paid holidays).
The differences between the trends in the two series seem fairly constant
over the twenty-six year period 1953-78. It is worth noting, though, that,
while the postwar trends in manufacturing and the entire private business
gector are nearly identical, real labor costs in the rest of the private
business sector have increased far more rapidly recently than those in
manufacturing.

Like interest payments and material costs, labor costs are an expense
that corporations can deduct when calculating their profits for tax purposes.
As such, a lower corporate income tax rate raises the net cost of labor to
the firm., (It will change the price of labor relative to that of capital,
since capital costs cannot be expensed, so long as investment tax credits
and allowable depreciation rates are not changed.) Since 1953 the highest
marginal corporate tax rate has been steadily lowered: It was 52 percent
from 1953-63; 50 percent in 1964, and 48 percent from 1965-78. This
reduction has raised the net cost of labor by lowering the fraction of labor
costs than can be subsidized through reduced taxes. I calculate COSTTAX as
one minus the marginal corporate income tax rate times COSTWK.7 The long-
term and recent trends in COSTTAX are presented in the fifth row of Table 1;

they reflect the extra fillip to net labor costs that has been induced by

the steady reduction in corporate income tax rates over the years.



When an employer hires a worker, the costs of hiring and training
are presumably justified by the higher productivity expected. Insofar as
the training is entirely general, the worker's earnings will reflect the
costs of training. However, to the extent that the training is specific,
the firm will bear part of the costs of training, and any measure that
does not account for this will be incomplete.8 Such costs must be in-
cluded in an expanded labor cost measure. Materials costs obviously
belong; and since the time of instructors is included in the denominator
of COSTWK though it does not add to production directly, it must be sub-
tracted out implicitly by adding it to the cost per hour of those workers
actually engaged in production. Essentially, instructors' time is a
fixed cost to be allocated over that part of total hours worked accounted
for by persons engaged in production.

The degree of bias resulting from ignoring this problem may have
changed over time, both because the amount of training relative to the
value of the raw labor may have changed, and because the time horizon
over which the training costs can be amortized (the expected length of
the worker's stay with the firm) may have changed. While we cannot mea-
sure changes in the relative costs of training and raw labor, we can
account for changes that may have occurred in the time horizon. So too,
we can adjust a training cost series to account for cyclical variations

that do not affect long-term calculations of training costs.

The time horizon over which the employer's share of the cost of
specific training can be amortized depends on the number of hours worked
per time period and the expected length of the worker's stay with the firm.
This latter in turn is a function of the expected quit rate. To derive
measures of the firm's expectations about hours worked, H*, and the quit

rate, Q*, I estimate:



(la) Q =a, +a,t +a,U,

and

(1b) H

bO + blt + b2U + b3PTTIME ,

where Q is the aggregate quit rate (measured as the fraction quitting); H
is the length of the average workweek (in manufacturing or in the entire
private business sector); t is a time trend; U is the unemployment rate

of males 25-54 (a cyclical indicator); PTTIME is the fraction of workers
(in manufacturing or the private business sector) who work part-time; and
the a; and bi are regression coefficients to be estimated.9 Equation (la)
is estimated using quarterly data, 1953:1 - 1978:1V, for manufacturing only
because of the lack of good data for most of nonmanufacturing; because the
data on part-time employment are not available before 1957, equation (1b)
is estimated on quarterly data for manufacturing and private business,
1957:1 - 1978:IV.lO The estimates are used to derive series on Q* and H¥*
that are free of cyclical variations and changes induced by the changing
part-time--full-time composition of the labor force. In particular, Q* =

Q - ;z(U—fJ), and H* = H - I;Z(U—I—J) - 1;3 (PTTIME -~ PTITIME), where the superior
bar denotes the sample mean and the carat denotes an estimate. Q% and H¥
are thus the adjusted quit rate and average weekly hours respectively.

The second input into the calculation of the user cost of training
is a measure of the amount of specific training embodied in the average
worker. We cannot derive a time series on the user cost, but we can mea-
gsure it at a point in time for use with the time-varying Q* and H*. I
rely on the assumption that the cost of specific training is split evenly
between the worker and the employer while general training cost is borne

by, and all benefits reaped by the worker. (The former is a reasonable



outcome under certain symmetry assumptions about the underlying bilateral
monopoly.) I estimate S/(S+G), the ratio of specific to total (specific
plus general) training, as the ratio of the effect of job tenure relative
to that of total experience on the wage in a sample of typical workers.
Using the estimates of Mincer-Jovanovic (1981) for a representative sample
of male workers in 1975 from the Michigan Panel Study of Income Dynamics,
this ratio 1is .324 at the mean wage.ll Under the assumption that the
cost of specific training is split evenly between the employer and the
worker, the employer's share of total training costs for the typical work-
er is .5 §/5+G), or .162, Assume that the amount of training can be de-
rived as the difference in earnings between the average person with no
experience and the average person. (To the extent that wages of inex-
perienced workers are depressed because they are paying for specific train-
ing, this will overstate its true cost.) Then we can use Mincer's (1974)
estimates fof white, nonfarm males in 1959 to derive the amount of annual
earnings due to training as .162 [W—WO], where W is the average annual
earnings in a sample of workers, and WO is the earnings of the average
worker with zero experience.

Assuming further that the rate of return to specific training equals
the rate of return to education, the present value of the employer's return

to the specific-training investment relative to average annual earnings is:

v = {16200yl /r,} -

where r, is the rate of return to education. I estimate T = 1.076. 1In
any given year, then, the value of the employer's cost of specific train-
ing of full-time worker equivalents is (200071) AHEt. To find the cost of

amortizing this investment, convert adjusted weekly hours, H:, to monthly

hours (4.33 H:), and divide it into the adjusted monthly quit rate, Qt



to derive the fraction of the investment expected to disappear each hour.

Then the employer's cost of specific training per hour paid is:

%

T = ——v
*
t 4.33Ht

[2000T] AHE, .

Tt is multiplied by (1+Sl) to convert it to a per hour worked basis; the
result is added to COSTWKt to derive ECNTt. These series reflect differ-
ences between hours paid and hours worked, all nonwage payments, and the
user cost of training. The long-term and recent trends in these series
for manufacturing and for private business are presented in the penultimate
row of Table 1. The differences in the trends between these series and
COSTWK are slight. It is interesting to note that ECNT has been rising
more rapidly than COSTWK in manufacturing since 1968, though it rose less
rapidly until 1968.

The fifth and final measure of labor costs simply takes the measures
ECNT and multiplies them by one minus the marginal corporate income tax
rate to derive after-tax employment cost measures, EC, that include the
user cost of specific training. The last row of Table 1 shows the trends
in these series. Since they differ little from those in COSTTAX, they do
not merit special comment.

Are these new measures consistent with ones that might be constructed
from other sources of data? Consider the ratios in the two rows of Table 2.
Those in the first row are based on averages for the second and third quar-
ters of each year from Appendix Table A.2. (The data for 1979:II are based
on updates of the series made possible when the 1979 Chamber of Commerce
data became available.) The ratio shows the rapid rise in fringe benefits
and the ratio of hours paid to hours worked. Most remarkably, it is strik-
ingly close to the ratio of total compensation to pay for time worked based

on the Employer Expenditures on Employee Compensation (EEEC) survey



(calculated from Smeeding, 1981). Not only are the increases very similar,
but the levels are within 1 1/2 percent of each other. This suggests that
the adjustments that led from AHE to COSTWK are reasonable, and that our new
series are falrly free of errors that might result from the unrepresenta-
tiveness of the Chamber of Commerce sample. Also, unlike series based on
the EEEC data, ours can be constructed beginning in the early 1950's rather
than in 1966.

ITII. Estimates of Labor Demand Elasticities Based on Alternative Measures
of Labor Costs

Numerous studies have attempted to estimate "the'" elasticity of de-
mand for labor. (See Hamermesh, 1976, for a review of this literature,
and Solow, 1980, for a discussion of its importance in analyzing the be-
havior of the macro economy.) We know fairly conclusively that short-run
(perhaps one-year) elasticities for all labor are quite low, perhaps no
greater than .3; that the lags of employment behind changes in the demand
for output are short——an average length less than six months; and that the
lags in response to changes in factor prices are somewhat longer--average
lags between six months and one year.

All of the studies that comprise this literature are based on mea-
sures of factor payments to labor that either consist simply of average
hourly earnings, or that include the slightly broader definition, compen-
sation per hour paid. Assuming, as seems reasonable, that productivity per
hour worked has not increased proportionally, other things equal, as hours
worked have declined relative to hours paid since 1954, on a priori grounds
the broader measures can be expected to produce higher estimated elastici-
ties. But, in fact, do the estimates depend very greatly upon these defin-
itions? That is, will a broader, and presumably more appropriate definition

produce sharply different estimates of these elasticities? Do the more
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theoretically appropriate measures explain variations in employment demand
better than the simpler measures that have been used in the literature?
This section examines these questions.

I use a fairly standard model of employment demand in which
changes in output demand reflect a scale effect; changes in factor prices
reflect substitution along an isoquant; and a time trend reflects changes
in factor productivity. The basic equation is:

Ny N,

(2) E_=aqa, + 'z BiQt—i+l + 'Z Yiwt—i+l + 8t + € >
1=]_ l=].

where E is employment demand; Q is output; W is a labor cost measure, t is
time, and € is a disturbance term. No current wage or output terms are
included in order to avoid any potential simultaneity; further lagged
measures of wages and output are included to reflect the finding in the
literature that there is a lagged response of employment to these. They

are specified in relatively free form because of the consensus that the

lags in the responses to changes in output and factor prices are not identical.
The lengths of the lagged responses to changes in Q and W, Nl and N2, will
be determined by varying these and finding the lengths that fit the data
best. Though some studies have included a measure of the user cost of
capital, we do not include it in this section. (This follows the finding

of Clark-Freeman, 1980, for the U.S. that its inclusion has little effect on
the coefficients of the other variables in (2), apparently because of the
large amount of measurement error in the user cost of capital included in

previous studies. See also Kollreuter, 1980, for West Germany.)

The labor-cost series measure average, not marginal costs; fixed
costs, such as the training included in ECNT and EC, and part of the social
insurance, health insurance and pension costs included in all the series

other than AHE, are spread over all hours worked. A complete labor demand
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model would estimate the responses of demand for persons and hours separ-
ately, and allow for asymmetry in the responses of each to changes in the
labor costs. Thus the short-run elasticities of demand for employees, the
Yy, are not correctly estimated; but the long-run elasticities, the Zyi,
on which I concentrate here, are.

The data are quarterly time series, 1953:I-1978:IV; because of the
need to allow sufficient observations to measure lagged adjustments, the
first data points on E used in estimating (2) are from 1955:I. The data
cover the private nonfarm sector; in addition, separate equations are estimated
for the goods-producing sectors, manufacturing, transportation and public
utilities, and mining and construction. (These latter two are aggregated
because the time series on output was only available for this aggregate.)

The employment measure in each case is payroll employment from the monthly

"
BLS-790 data, averaged to produce a quarterly series.l‘ OQutput 1is gross

domestic product originating in the sector, and, except for manufacturing,

this and the labor cost series are deflated by the implicit deflator for

gross domestic product in the sector. (In manufacturing I . use the producers'

price index for manufactured goods.) For each sector the estimates of (2)

are produced separately for each of four labor cost series discussed in

Section II: AHEi, COSTWKi, COSTTAXi, and ECNTi.13 The latter three

measures are in each case based upon the average hourly earnings in the

14
particular sector under study.

Equations (2) are estimated using polynomial distributed lags to
produce the coefficient estimates Bi and i Quadratics were used in all

cases, and Nl and N, were set equal to 4 and 8 alternatively.15 Since in

2

all cases T find that the shorter lag structure performed better than the
longer, the results are presented for Nl = N2 = 4. The equations are

estimated adjusting for possible autocorrelation in the error structure of

(2) using the Cochrane-Orcutt iterative technique.
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The results of estimating (2) for the total private nonfarm sector,
and for the three smaller aggregates separately, are presented in Tables 3
through 6. Let us consider first the peripheral issues before concentrating
on the two questions raised earlier in this section that provide the rationale
for examining these results. I find in all cases that there is, as is
usual in time series studies of employment demand, substantial autocorrelation
in the residuals even when a time trend is included. This suggests that
those studies (the majority) that have failed to adjust for this problem
have likely produced inefficientlestimates of wage and output elasticities
of employment demand. I also find, somewhat disturbingly, that there is

no significant negative time trend in employment demand, ceteris paribus,

in transportation and public utilities, and in the entire private nonfarm
sector. Since I would expect labor-saving technical progress to have
occurred in these sectors, and to see it reflected in a negative trend term,
this result is disturbing. Perhaps, though, previous authors' findings

on this have been clouded by their failure to account carefully for serial

correlation in the residuals.

Consider which of the labor cost measures produces the lowest standard
error of estimate in the aggregate of the private nonfarm sector and in the
three separate subaggregates. We see from Table 3 that in the aggregate
COSTWK gives the best fit, as it does too in manufacturing. COSTTAX produces
the best fit in mining and construction, while ECNT gives the best results
in transportation and public utilities, The differences in the fits across
the equations using the different series are not great; nonetheless, it is
apparent that, at the least, there are gains to basing the compensation mea-
sure on hours actually worked rather than hours paid for to describe employ-

'

ers' labor demand.16 While various of the labor cost measures perform best

in the various sectors, in each case the measure that does best is based on
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hours worked. This suggests that the literature on labor demand, based
as it is on measures of earnings or compensation per hour paid for, has
problems.

If we view the incomplete measure of labor costs, AHE, as embodying
an error of measurement, we should expect previous work to have underesti-
mated the true elasticity. In fact, in the samples used here I find that,
with the exception of transportation and public utilities (in which the wage
terms are not significantly different from zero), using better measures of
labor costs increases the absolute values of the wage elasticities. For
example, in the private nonfarm sector the elasticity increases from .40
in the equation using AHE to .47 in the equation that gives the best fit,
that using COSTWK. Similarly, in manufacturing the estimated elasticity in-
creases from .23 to .29; in mining and construction the estimate goes from
.22 to .36 in the best~fit equation, that based on COSTTAX. Though the differ-
ences are less than one standard error in all cases, it appears reasonable
to conclude that labor-demand elasticities produced in previous time-series
studies are underestimates because of the failure to include a sufficiently
comprehensive measure of labor costs.

Basing the equations on better measures of labor costs also affects
the estimated trend terms and the employment-output elasticities. 1In the
latter case, the effects are very minor. For example, in the private
nonfarm sector and in mining and construction there is a tiny increase, while
in manufacturing and transport and public utilities there is a decrease. The
time trend becomes more positive, except in transport and public utilities,
when the better labor cost measures are included; in manufacturing, though,
the only industry in which this trend was significant, it remains negative.

Perhaps the best conclusion from this evidence is that there is some
payoff to greater attention to the variables used to reflect labor costs in

studies of employment demand. A more careful specification improves slightly
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the ability to track variations in employment, and it increases the esti-
mated responses of employment demand to exogenous changes in labor costs.
One would suppose in complete systems of factor demand equations, where

incorrect data series might interact with powerful estimators to produce

, 1
greater errors, that an even larger payoff would exist.

IV. Do Nominal Labor Costs in the U.S. Respond to Short-term Price
Variations?

Several authors (Sachs, 1979; and Grubb, et al, 1981) have pointed
to the apparent nonresponsiveness of nominal changes in labor costs in the
U.S. as the rate of price inflation varies. Both use narrowly defined
labor costs (the former, private nonfarm compensation per hour paid, the
latter, manufacturing average hourly earnings). It is claimed that this
apparent rigidity in the growth rate of nominal wages has enabled the U.S.
to maintain real wage flexibility when exogenous price shocks occur and
thus avoid the sharp increases in unemployment that plagued other Western
nations in the mid- and late 1970s. Is this observation correct, though,
or is it merely an artifact produced by defining labor costs too narrowly?

We can write the true costs per hour worked, Ct, as:

(3) C, = wt[l + Mt] s

where Wt is a more narrowly defined measure of labor costs (wages or
compensation per hour paid for), and Mt is the percentage by which true
costs per hour of labor input differ at time t from the narrower measure.

Taking logarithms and differentiating with respect to time:

(4) c, W, + m o,

It e

where lower-case letters denote logs, and the dot (*) denotes the time
derivative. For the pattern of true labor costs to vary more closely with

short—-term price fluctuations than do earnings, the mark-up over earnings
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must itself change over time with the rate of price inflation. 1Is this
likely to occur? Remembering that C and W differ by hours of paid leisure
and (mostly untaxed) health, pension and other contributions, a tentative
affirmative answer seems reasonable. Given the nature of the U.S. tax
structure in the 1970s, more rapid price inflation raised the marginal

tax rate facing the average worker, thus lowering the price of nonwage
elements of compensation. It has been shown that workers do react to the
tax price of different components of compensation (Woodbury, 1981); that
being the case, we should not be surprised to see that é varies more closely

with price changes than does the narrower w.

Annual percentage changes in five labor-cost series are presented
in Table 7 along with their coefficients of variation and changes in the
CPI for the period beginning with the oil shock. Especially in manufactur-
ing, AHE and HCOMP are far less variable than are the broader measures I
have derived, as simple inspection of their values for 1975-78 and consider-
ation of the standard deviation of these four values shows. More important,
the broader measures seem to vary with changes in the CPI during this period
substantially more closely than do hourly earnings or compensation per hour
paid in manufacturing. In the entire private business sector even AHE and
HCOMP do show some signs of varying with the CPI during the mid-1970s; how-
ever, their variability is less, and apparently less closely related to
that of the CPI, than is the variation in the broader labor-cost measures
I have derived.

Additional light on the relation between m and inflation is shown

by estimates of:

(5) COSTWKt - AHEt =a+b CPIt, t = 1973,...,1979.

For manufacturing b from (5) is .28 (t = 1.40); for the private business

sector it is .04 (t = .47). This provides some confirmation, though, perhaps
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because of the size of the post-shock sample, hardly overwhelming evidence,
of a positive relation between inflation and the divergence between growth
in labor costs per hour and average hourly earnings.

My purpose here has not been to demonstrate that the coefficient on
labor-market slack in an equation relating changes in labor cost to expect-
ed price changes and the extent of slack increases when one defines labor
costs more broadly (though I think that is the case). Rather, it has been
the narrower one of pointing out the pitfalls of basing one's view of macro-
economic adjustment on inappropriate measures of labor costs. The rate of
change of nominal labor costs may perhaps have been less responsive to price
inflation in the U.,S. than in other countries in the 1970s; but its lack
of variability was less than is indicated by commonly used measures of the

demand price of labor.

V. Conclusions and Other Uses

There is no perfect measure of labor costs; but in this study I
have presented calculations leading to the construction of easily usable
alternative measures beyond the published ones on average hourly earnings
and hourly compensation. These new series account for deviations of hours
paid for from hours worked, for the tax treatment of wages under the corpor-
ate income tax, and for variations in the user cost of training. When used
in place of the published series in regression equations describing the
demand for labor in the United States, they generally produce slightly
better fits and somewhat higher wage elasticities. This is to be expected
insofar as they purge the published series of additive errors of measurement.
The new series also provide a somewhat different view of the recent path
of wage inflation in the United States, suggesting that nominal wage growth
has been more responsive to variations in price inflation than the published

labor-cost series indicate.
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I have not given the potential user of these series any guide about
which one is in any sense the 'best" to use for various purposes; in fact,
no such guide is possible. However, the results on labor demand, and a
consideration of the concept of the employer's cost of labor, suggest at
the very least that a series that adjusts for the hours paid/hours worked
distinction is required. Thus the series COSTWK, that adjusts hourly
compensation and average hourly earnings to account for this distinction,
would seem a good choice for use in any research requiring a measure of
the demand-price of labor. It has the additional virtue of being easy
to update from readily available information using very simple techniques,

"ecleaner'" than the

as I have done in the Appendix for 1979; and it is much
more complex series I have constructed.

There is substantial scope and need for using these new series or
refined versions of them in other empirical work in labor economics. I
have shown that they add to our ability to understand empirical aspects
of labor demand; though their effects in the simple equations I have
presented are not major, they may well be far greater in the very closely
specified equations (see Sargent, 1978) that have used only the average
earnings per hour paid for. Similarly, studies of the behavior of layoffs
in the aggregate (eg., Brechling, 1981), which are important for analyzing
the impact of unemployment insurance, for testing the theory of implicit
contracts, and for examining unions' effects on the employment relation,
should be based on these newer series rather than the earnings or compensation
measures now used. Some of the complicated testing of recent theoretical
results in macroeconomics, for example tests of disequilibrium in aggregated
markets (Rosen-Quandt, 1978) or of the intertemporal substitution hypothesis
(Altonji-Ashenfelter, 1980) would be better examined using the new series
derived here. Finally, though the conventional wisdom in the hoary debate

of the cyclical behavior of real wages is that they are procyclical (Tobin,
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1980), a view supported by the most recent empirical work (Chirinko, 1980),
the issue has not been examined using proper measures of the price per hour
worked. 1In all these cases, then, there is a need for basing empirical work
on a measure of labor costs more closely related to the concept being examined
than are the average earnings or compensation measures that have been

used. Though the trends in our series do not differ that greatly from

those in the standard series, even slight differences are likely to have

major impacts on estimates from tightly-fitting time-series equations.

The measures are not true reflections of the price of an efficiency
unit of labor, as they have not made two corrections. First, they do not
account for changes in the composition of hours within aggregates because
of changes in the industrial mix of employment. (This is, though, done
by the new Employment Cost Index series produced by the Bureau of Labor
Statistics.) Second, they do not adjust for cyclical and secular changes
in labor quality (nor does any other series). Thus, though representing
an improvement over what is available, they must be viewed as a step on

the road between the series now available and the ideal series.
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FOOTNOTES

*This paper is based partly on research done in fulfillment of the
terms of Contract No. J-9-M-0-0078 from the Minimum Wage Study Commission
to the National Bureau of Economic Research. All findings and conclusions
are those of the author alone and do not necessarily reflect the official
views of the Commission or the National Bureau. Helpful comments and essen-
tial data were provided by Curtis Gilroy, Ed Lazear, and Walter O0i and
Jack Triplett. Charles Brown provided encouragement and guidance throughout
the project. Excellent research assistance was given by Paul Koch and

Paul Wendt.

1Chinloy (1980) includes some fringe benefits, such as employer con-
tributions for social insurance, in his calculation of labor costs, but

ignores the distinction between hours paid and hours worked.

2The source for these series is U.S. Chamber of Commerce, Employee
Benefits, a biennial survey through 1977 that has been conducted annually
since then. Though sample sizes were smaller in the early years of the sur-
vey, in 1978 the data are based on 497 manufacturing firms, and 361 nonmanu-
facturing companies. These surveys clearly overrepresent large firms (though.
decreasingly so), for firms with fewer than 100 employees are excluded.
Since larger firms do offer higher fringes relative to wages, the levels of
the measures I produce are biased up from what a representative sample would
produce. There is, though, no reason to expect their growth rates to be

biased up for this reason, and the discussion below suggests this is the case.

3Straight—time AHE and AHE are monthly published BLS data gleaned
from the CITIBASE data file. These data were averaged to provide quarterly
series for use in this study. Unpublished data on compensation per hour of

employees were provided to me by Randy Norsworthy of the Bureau of Labor

Statistics.
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These trends are derived from a bivariate regression of the log-

arithm of the labor cost series on a time trend.

5

The deflator and the producers' price index for manufacturing are
taken from the CITIBASE data file. The latter series was averaged to put

it on a quarterly basis.

6Because the Chamber of Commerce data are available only biennially,
I interpolated linearly between observations in this series, treating each
observation as having been made in the middle of the calendar year to which
the survey is attributed. (Thus I assume implicitly that the surveys were

taken on July 1 of the years in question.)

7I recognize that not all employers in the private business sector
are incorporated; that not all corporations pay the highest marginal tax
rate; and that the average tax rate may be more appropriate than the mar-
ginal for some purposes. Nonetheless, many of the largest employers do pay
the highest rate; marginal rates paid by others are correlated with the
top marginal rates and average rates are likely to be correlated over time
with marginal rates. I therefore base the COSTTAX series on the highest
marginal corporate income tax rate payable in the calendar year. In doing

so I also ignore any issue of tax incidence.

8This distinction and the conclusions about the burdens of the costs

of training of different types stem from Becker (1964).

9Data on the number of voluntary part-time workers are from BLS,

Handbook of Labor Statistics, Bulletin 2000, and Employment and Earnings,

January 1979.
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10

.0294; a; =

-1.46. The

For manufacturing the parameter estimates are: a

0

.000047; a, = -.0037; b, = 43.59; b1 = .028; b, = ~,40; b

2 0 2 3

coefficients of determination for the two equations are .753 and .615;

the equations were estimated by ordinary least squares. For the private

business sector the estimates are: b0 = 44,58 b1 = ~.0067; b2 = -,21;
b3 = -~,31. The R2 for this equation was .956.
11

W is calculated from Mincer's regression (1974, p. 92) as $5636
and W* as $1633. The implied rate of return to education is .107. 1In
regressions from the NLS adult women's sample in Mincer-Jovanovic (1981)
S/S+G is .349, while in similar regressions for older males in the NLS
sample in 1973 the same calculation yields .638. I use the Michigan esti-
mates because they are the only ones that are representative of the entire

population of adult male workers.

12Equations like (2) were estimated for manhours also. The results
in manufacturing were similar to those found for employment: The series
based on AHE never fit as well as other series, and the wage elasticities
produced with the more complex series were higher. For the private business
sector the results were remarkably insensitive to the sﬁecification of the

labor cost wvariables.

~

13Since the equations using HCOMP or EC never produced a lower .
than those listed in the tables, and since I include equations based on
AHE for comparison purposes, I do not present the equations using these

two measures.

14The inclusion of AHEi, COSTWK, and ECNTi is straightforward (though

the calculation of ECNT, for the non-manufacturing sectors requires that Tt

i
be deflated by the ratio of the sector's AHEt to manufacturing AHEt). In-

cluding COSTTAX, in a labor-demand equation is justified, as it reflects the

i
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net price of labor relevant to the movements along an isoquant implied

when output in physical units (Q) is held constant.

15Choosing the appropriate N reduces to finding the best fit, since
the degrees of freedom in the regression are the same (dependent on the
degree of the polynomial used) for any N.

16The importance of the distinction between hours paid and hours

worked has been stressed in the context of measuring cyclical changes in
labor productivity by Fair (1969).

17This payoff is evident in the estimation of a system of equations

for adult and teen labor in Hamermesh (1981).
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Table 1

Trend Growth 1953:1 - 1978:IV, and Actual Growth,
1968:IV - 1978:IV, Real labor Cost Series (in Percent)

Manufacturing Private Business
Labor Cost Measure 1953:I-1978:IV 1968:IV-1978:IV 1953:I-1978:IV 1968:IV-1978:IV

Straight-time AHE 53.8 1.8

AHE 55.4 1.6 66.5 11.5

Hourly Compensation
(HCOMP) 80.3 5.7 81.6 17.3

Cost/Hour Worked
(COSTWK) 92.7 8.8 93.9 20.8

Cost/Hour Worked Adjusted
for Taxes (COSTTAX) 123.7 10.7 124.8 23.1

Cost/Hour Worked Adjusted
for User Cost of
Specific Training
( ECNT) 91.9 9.7 98.0 22.4

Cost/Hour Worked Adjusted
for Taxes and User Cost
of Specific Training
(EC) 121. 4 11.2 127.7 2k4.3
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Table 2
Comparison of the New Series to Alternatives Based on EEEC Data,
Private Business Sector, 1966, 1976, 1579
Year 1966 1976 1979

New Series,
COSTWK/AHE 1.213 1.323 1.333

Total compensation/

pay for time worked,
EEEC data 1.205 1.305 1.327
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Table 3

Payroll Employment, Private Nonfarm, 1955:1 - 1978:1V,
with Different Labor Cost Series

Cost Measure

AHE COSTWK COSTTAX ECNT
Time -.00021 .00090 .00054 -.00099
(=.27) (.89) (.57 (-1.33)
Output (Sum
of Four
lag Terms) .902 .905 .902 .852
(15.35) (15.58) (15.53) (1k4.26)
Labor Co;t
(Sum of
Four lag
(-2.50) (-2.78) (-2.69) (~.45)
b .970 .970 .968 972
(39.21) (39.10) (37.90) (40.1h)

e .003993 .003990 .00L016 .00L08Y

*
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Table 4

Payroll Fmployment, Manufacturing, 1955:1 - 1978:IV,
with Different labor Cost Series

Cost Measure

AHE COSTWK COSTTAX
Time -.005kLL -.00L53 -.00LLT
(-10.81) (-7.82) (=T.Ls)
Output
(Sum of
Four lag
Terms) .958 .938 .9L8
(14.8L) (17.83) (18.18)
Labor Cost
(sum of
Four lag
Ter ms) -.230 -.288 -.253
(~2.3L) (-3.27) (-3.2L)
o .908 .891 .888
(21.1k) (19.10) (18.81)
o .00685L .00670k .006717

ECNT

-.00550
(_70 31)

.920
(16.32)

.008
(.08)

.956
(31.57)

.006897
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Table 5

Payroll Employment, Transpertation and Public Utilities
1955:I - 1978:IV, with Different Labor Cost Series

AHE
Time .0025
(.22)
Output
(Sum of
Four lag
Terms) .599
(6.2h)
Labor Cost
(Sum of
Four lag
Terms) -.350
o <970
(38.82)

O¢ .007013

Cost Measure

COSTWK COSTTAX
.00090 .00080
(.73) (.61)
.598 .568
(6.5L) (6.28)
~.3k46 -.254
(-1.93) (-1.57)
970 +969
(38.56) (38.52)
.00695 .007069

ECNT

-.0002
(-o 02)

497
(5.88)

-.092
(-.85)

971
(39.36)

.006881



Payroll FEmployment, Mining and Construction, 1955:I - 1978:1IV,
with Different labor Cost Series

AHE
Time -.00288
Output
(sum of
Four lag
Terms) .954
(10.17)
Labor Cost
{Sum of
Four lag
Terms) -.219
(-‘.80)
b .975
(43.03)

oe .00895L
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Table 6

Cost Measure

COSTWK COSTTAX
-.002414 -.00146
(-1.10) (-.66)
.949 .982
(10.22) (10.60)
-.218 -'355
("-90) ("1-59)
973 975
(L4.03) (42.96)
.008962

.008762

ECNT

-.00334

(-2.05)

.925
(9.84)

-.081
(-.56)

.969
(38.44)

.0091k49



1972-73
1973-74
1974~75
1975-76
1976-77
1977-78

1978-79
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Table 7

Percent Changes in Nominal Labor Cost Series and Consumer Prices
(Fourth Quarter to Fourth Quarter), 1972-1979, and their Coefficients of Variation

AHE

8.
10.

8.

o v s~ =N

7
8
8.
9

HCOMP

8.
12.

9.

~N B O O N O

9
9
9.
8

Manufacturing

COSTWK  ECNT
8.2 9.5

14.0 10.5

9.8 11.6

8.6 7.8

7.7 6.9

8.8 9.3

9.6

Coefficient of Variation

1972-78

1972-79

.101

.095

.1

177

62

.243 .185

.221

EC AHE
10.9 7.1
11.5 10.1
11.9 8.0

7.5 8.0

6.7 7.1

9.2 9.2

8.1
.226 .143
.133

Private Business

COSTWK

8.
10.

8.

O W N O N W

8
8.
7
9

HCOMP

.126

.116

8.
11.

8.

N DM U O W O

9
8.
7
9

.149

.138

ECNT

10.
7.
11.

e« e
~N W o O

.226

EC

10.

11.

A W N W

CPI

8.4
12.1

7.2
4.8

6.7

9.0

12.7

.215
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1953:1
:I1
:ITI
IV

1954:1

1955:1

1956:1

1957:1

1958:1

1959:1

1960:1

1961:1
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Table A.1

Labor Cost Series, Manufacturing, 1953-78

BLS Com-

AHES pensation COSTWK COSTTAX ECNT

1.651 2.036 2.223 1.151 2.808
1.671 2.058 2.249 1.166 2.852
1.701 2.079 2.274 1.180 2.757
1.708 2.104 2.304 1.196 2.739
1.717 2.129 2.333 1.212 2.728
1.728 2.153 2.362 1.228 2.776
1.735 2.166 2.378 1.237 2.796
1.741 2.200 2.41 1.259 2.819
1.753 2.211 2.433 1.268 2.832
1.774 2.223 2.449 1.277 2.860
1.808 2.259 2.491 1.300 2.898
1.824 2.289 2.526 1.320 2.957
1.840 2.317 2.560 - 1.339 3.009
1.874 2.362 2.612 1.367 3.037
1.896 2.417 2.675 1.402 3.102
1.934 2.462 2.727 1.431 3.156
1.956 2.491 2.763 1.451 3.181
1.974 2.515 2.791 1.467 3.171
1.996 2.547 2.830 1.489 3.216
2.014 2.574 2.862 1.507 3.270
2.025 2.591 2.883 1.519 3.343
2.037 2.626 2.924 1.541 3.457
2.056 2.667 2.972 1.567 3.525
2.074 2.699 3.010 1.589 3.510
2.102 2.712 3.027 1.599 3.518
2.127 2.739 3.060 1.617 3.512
2.117 2.756 3.081 1.629 3.554
2.134 2.777 3.106 1.643 3.618
2.179 2.835 3.173 1.680 3.646
2.187 2.857 3.199 1.695 3.657
2.193 2.862 3.206 1.700 3.684
2.214 2.899 3.248 1.724 3.745
2.222 2.920 3.274 1.739 3.792
2.244 2.938 3.296 1.752 3.831
2.250 2.956 3.318 1.765 3.842
2.275 2.983 3.349 1.782 3.860

= el e e el o e e e el e

N NN =

.433
L456
412
.405

.402
L427
.438

L452

460
475
.496
. 527

.555
.571
. 607
.637

.652
.650
.675
.703

.740
.797
.833
.829

.834
.834
.856
.889

.907
.915
.930
.962

.988
.009
.016
.027
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Quarter

1962:
(11
:ITI
IV

1963

1964

1965:

1966:

1967:

1968:

1969:

1970:

1971:

I

: I
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BLS Com-

AHES pensation COSTWK COSTTAX ECNT

2.291 3.033 3.407 1.813 3.892
2.300 3.051 3.429 1.825 3.930
2.307 3.072 3.453 1.838 3.941
2.329 3.105 3.491 1.859 3.938
2.344 3.127 3.518 1.874 3.996
2.367 3.141 3.535 1.883 3.997
2.374 3.169 3.567 1.901 4.012
2.399 3.215 3.619 1.928 4.069
2.411 3.255 3.663 2.017 4.095
2.427 3.289 3.700 2.036 4.116
2,444 3.328 3.744 2.060 4.160
2.449 3.337 3.754 2.064 4.202
2.471 3.352 3.770 2.141 4.251
2.496 3.368 3.788 2.150 4.281
2.508 3.389 3.811 2.162 4.321
2.525 3.413 3.841 2.180 4,387
2.543 3.466 3.903 2.217 4.534
2.576 3.510 3.956 2.247 4.635
2.599 3.560 4.015 2.282 4.701
2.635 3.603 4.066 2.312 4.775
2.667 3.644 4,116 2.341 4.773
2.696 3.685 4.165 2.370 4.796
2.725 3.740 4.230 2.408 4.804
2.759 3.784 4,282 2.439 4,915
2.819 3.880 4,394 2.505 5.048
2.863 3.947 4.473 2.551 5.107
2.890 3.998 4.533 2.587 5.238
2.945 4,074 4.622 2.640 5.330
2.979 4.129 4,688 2.679 5.462
3.023 4.189 4,759 2.722 5.546
3.081 4.269 4,853 2.777 5.660
3.125 4.333 4.934 2.827 5.746
3.158 4,401 5.019 2.879 5.803
3.212 4,483 5.121 2.941 5.908
3.272 4.574 5.234 3.010 6.012
3.292 4.620 5.295 3.049 6.077
3.377 4,728 5.428 3.130 6.171
3.425 4,784 5.502 3.176 6.265
3.469 4.840 5.576 3.223 6.402
3.505 4.878 5.618 3.247 6.479

wwww wwww w NN NN NN N RN RN NP NN NN NN N NN R

w W ww

.046
.066
.073
.074

.104
.105
.115
.144

.233
. 245
.268
.289

.391
. 407
.428
.465

. 545
. 601
.639
. 681

. 683
. 698
. 707
.769

.845
.881
. 954
.008

.082
.131
.197
.249

.287
.351
L415
456

.516
.573
.653
. 695
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Quart er

1972:
R
:I1I
Y

1973:

1974:

1975:

1976:

1977:

1978:

I

I

1979:1
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BLS Com-

AHES pensation COSTWK COSTTAX ECNT
3.583 4,983 5.738 3.316 6.658
3.632 5.036 5.797 3.349 6.762
3.684 5,093 5.861 3.386 6.833
3.750 5.170 5.948 3.436 7.002
3.806 5.299 6.094 3.520 7.347
3.861 5.385 6.190 3.575 7.403
3.938 5.479 6.296 3.636 7.446
4.010 5.582 6.434 3.723 7.665
4,062 5.696 6.583 3.816 7.836
4,174 5.895 6.833 3.969 8.069
4,320 6.055 7.040 4,006 8.235
4.463 6.292 7.336 4,277 8.470
4,556 6.497 7.596 4,436 8.737
4.623 6.644 7.790 4,558 9.102
4,711 6.752 7.940 4,654 9.314
4.793 6.858 8.057 4.718 9.454
4.869 7.012 8.229 4.814 9.577
4,953 7.185 8.421 4.921 9.800
5.080 7.315 8.565 5.000 10.027
5.176 7.479 8.747 5.102 10.193
5.267 7.664 8.954 5.217 10.497
5.372 7.788 9.089 5.289 10.545
5.505 7.947 9.265 5.386 10,688
5.614 8.077 9.420 5.476 10.901
5.715 8.286 9.665 5.617 11.137
5.812 8.414 9.818 5.705 11.347
5.964 8.589 10.023 5.823 11.474
6.111 8§.781 10.252 5.954 11.917
6.260 9.001 10.523

6.370 9.216 10.782

6.470 9,394 10.999

6.617 9.590 11.237

NN O L b n (92N, IV, IRV, | Ea e s w www

NN O

.795
.852
.892
. 984

.172
.206
.234
.363

.468
.612
.718
.866

.030
.240
.369
445

.516
.638
.761
.853

.019
. 047
.127
. 246

.382
.500
.577
.821
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Table A.2

Labor Cost Series, Private Business, 1953-78

BLS Com-
AHE pensation COSTWK COSTTAX ECNT gg
Quarter
1953:1 1.786 1.849 2.050 1.070 2.632 1.350
(11 1.809 1.870 2.074 1.083 2.676 1.372
:IIT  1.836 1.896 2.103 1.099 2.578 1.327
11V 1.837 1.901 2.110 1.103 2.533 1.306
1954:1 1.847 1.918 2.129 1.113 2.517 1.299
1.868 1.937 2.151 1.125 2.564 1.323
1.878 1.948 2.164 1.132 2.588 1.336
1.900 1.967 2.187 1.144 2.595 1.341
1955:1 1.900 1.973 2.194 1.149 2.596 1.342
1.923 1.998 2.223 1.164 2.642 1.366
1.936 2.009 2.236 1.172 2.642 1.367
1.959 2.031 2.263 1.187 2.698 1.396
1956:1 1.998 2.079 2.318 1.217 2.774 1.536
2,034 2.117 2.363 1.241 2.790 1.447
2.058 2.142 2.393 1.258 2.823 1.465
2.092 2.175 2.432 1.280 2.864 1.488
1957:1 2.127 2.219 2.484 1.308 2.909 1.513
2.148 2.241 2.511 1.324 2.896 1.509
2.168 2.262 2.537 1.338 2.927 1.526
2.194 2.292 2.571 1.357 2.984 1.556
1958:1 2.213 2.310 2.593 1.370 3.061 1.595
2.233 2.324 2.610 1.379 3.158 1.642
2.260 2.357 2.648 1.400 3.228 1.678
2.276 2.374 2.668 1.411 3.184 1.659
1959:1 2.295 2.407 2.706 1.432 3.216 1.677
2.306 2.420 2.722 1.441 3.188 1.665
2.329 2.443 2.749 1.456 3.244 1.695
2.358 2.470 2.781 1.475 3.321 1.734
1960:1 2.397 2.520 2.840 1.506 3.337 1.745
2.408 2.528 - 2.851 1.513 3.327 1.742
2.407 2.530 2.855 1.517 3.346 1.753
2.435 2.557 2.888 1.535 3.401 1.782
1961:1 2.460 ©2.586 2.922 1.555 3.469 1.817
2.490 2.620 2.963 1.578 3.535 1.852
2.503 2.635 2.982 1.589 3.541 1.858
2.535 2.665 3.017 1.608 3.564 1.871



Table A.2 (Continued)

Quarter

1962:1

.1963:

1964:

1965:

1966:

1967:

1968:

1969:

1970:

<11
:III1
IV

W W W W W W w W W w wWw W www W wwhN NN NN PONNN NN NN NN NN

IS

AHE

.562
.580
.594
.625

.639
.650
.680
. 707

.761
.782
.817
.834

.855
.879
.914
.949

.983
.037
.089
.134

171
.217
.256
.289

.379
.433
.485
.549

.571
.647
.706
772

.820
.873
.949
.988

.068
.134
.194
.224
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BLS Com-

pensation COSTWK COSTTAX ECNT
2.705 3,063 1.634 3.586
2.725 3.087 1.647 3.628
2.739 3.104 1.657 3.635
2.774 3.145 1.679 3.630
2.795 3.171 1.693 3.691
2.806 3.184 1.701 3.683
2.837 3.221 1.721 3.706
2.870 3.258 1.741 3.749
2.922 3.316 1.831 3.795
2.944 3.341 1.843 3.801
2.985 3.386 1.868 3.848
3.006 3.410 1.880 3.908
3.029 3.435 1.955 3.968
3.052 3.460 1.969 4.004
3.088 3.500 1.991 4,061
3.124 3.545 2.017 4,151
3.187 3.618 2.060 4.329
3.245 3.687 2.100 4.458
3.293 3.744 2.133 4,531
3.341 3.802 2.168 4.620
3.375 3.844 2.192 4,592
3.420 3.899 2.224 4,621
3.460 3.947 2.253 4.606
3.499 3.994 2.281 4.721
3.601 4,113 2.351 4,870
3.659 4,183 2.392 4,916
3.722 4.258 2.436 5.076
3.791 4.340 2.485 5.163
3.822 4.378 2.508 5.275
3.900 4.471 2.563 5.388
3.965 4,549 2.609 5.488
4.035 4,637 2.664 5.587
4.097 4.718 2.715 5.639
4.162 4,801 2.768 5.719
4.248 4,909 2.833 5.820
4,293 4.970 2.872 5.892
4,386 5.088 2.945 5.961
4,457 5.180 3.002 6.078
4.534 5.279 3.064 6.257
4.561 5.311 3.083 6.334

W W ww w W w N N NN N N NN N NN NN N NN N N NN [l ol e ot

w w ww

.885
.907
.912

.943
.941
.954
.977

.070
.074
.099
.130

.232
.252
.283
.333

.430
.501
.543
.593

.581
.600
.596
.660

. 745
.773
.863
.913

.975
.041
.098
.158

.194
.244
.306
.351

.399
.469
.573
.615



Table A.2 (Continued)

Quarter

1972:1
I1
ITI
IV

1973:1

1974:1

1975:1

1976:1

1977:1

1978:1

1979:1

~NON YO AN O [eXNNe WV, NV, ] (S IRV, IR, | Lo o =~ 5o e S~ e

NN NN

AHE

.305
.352
.398
.456

.555
.626
. 705
.772

. 844
.986
.123
.255

. 396
.486
.568
.675

.775
.893
.005
.129

.233
.334
.453
.565

.734
.863
.013
.166

.250
.429
.587
.744

37
BLS Com-
pensation COSTWK COSTTAX ECNT

4,678 5.449 3.164 6.535
4,736 5.518 3.204 6.658
4,795 4,881 3.244 6.730
4,867 5.672 3.294 6.908
5.023 5.856 3.401 7.333
5.098 5.944 3.453 7.375
5.189 6.052 3.515 7.405
5.272 6.157 3.580 7.604
5.364 6.276 3.653 7.758
5.521 6.469 3.769 7.919
5.680 6.665 3.887 8.069
5.834 6.855 4.003 8.180
5.991 7.052 4,122 8.302
6.112 7.205 4,216 8.753
6.206 7.327 4.291 8.955
6.333 7.473 4,375 9.133
6.473 7.635 4,469 9,242
6.612 7.794 4,559 9.432
6.742 7.943 4.645 9.679
6.886 8.109 4,740 9.822
7.029 8.274 4,835 10.097
7.144 8.405 4.909 10.119
7.276 8.556 4.995 10.230
7.390 8.695 5.076 10.43¢
7.591 8.934 5.216 10.658
7.724 9.096 5.311 10.878
7.894 9.299 5.429 11.008
8.056 9.495 5.544 11.449
8.266 9.700

8.455 9.904

8.614 10.119

8.777 10.315

WL w LW (G RV NTIS &~ e &~ wwww

NN O

.728
.797
. 839
.937

.169
.197
.219
.333

L424
.524
.618
.692

.819
.021
.138
.238

.304
L4111
.548
.631

.783
.800
.865
.984

112
.237
.318
.560





