
CHAPTER 5 

TESTS OF VARIOUS HYPOTHESES REGARDING THE 
SHORT-RUN DEMAND FOR PRODUCTION WORKERS 

5.1 Introduction 

Eq. (3.9)‘, which was developed in ch. 3 and estimated in ch. 4, appears to 
be an adequate specification of the short-run demand for production wdrkers. 
Both the amount of excess labor on hand and the time stream of expected 
future output changes appear to be significant factors in the determination 
of a firm’s demand for production workers. In table 4.3 the results of 
estimating eq. (3.9)’ for each of the seventeen industries under the best 
expectational hypothesis for that industry were presented. In this chapter 
various hypotheses regarding other possible determinants of the short-run 
demand for production workers are discussed, and using the estimates in 
table 4.3 as a base of reference, these hypotheses are tested. As was the case 
for the tests of the expectational hypotheses in ch. 4, the validity of these 
tests depends on the assumption that eq. (3.9)’ is an adequate specification 
of the short-run demand for production workers to begin with. 

5.2 The short-run substitution of hours for workers 

As was seen in ch. 2, KUH (1965b) has been the only one who has done any 
empirical work at all on the short-run relationship between the number of 
workers employed and the number of hours worked per worker. Kuh adds 
the variable log H,_ 1 - log If_, (using the notation of ch. 2) to an equation 
like (2.37) of the basic model, arguing that a positive rate of change of hours 
in the previous period will have a positive effect on the number of workers 
employed in the current period as firms try to reduce high overtime costs. 
The hours variable which Kuh uses is an hours paid-for variable. 

In this study the view has been presented that Hz,<, the actual number of 
hours effectively worked per worker during the second week of month f, 
is not observed and that the observed number of hours paid-for per worker 
during the second week of month f, HP2,,, is likely to be a poor measure 
of HLIy, during all but the peak outputperiods. Since H,,,cannot be observed, 
no tests can be made on the possible short-run substitution of hours worked 
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per worker and workers. In fact the model developed above assumes that 
the number of hours worked per worker is the major adjustment mechanism 
in the short run. The assumptions of no short-run substitution possibilities 
and of constant returns to scale, combined with the fact that output fluctuates 
more than the number of workers employed in the short run, imply that 
the number of hours worked per worker is the primary adjustment mech- 
anism. From eq. (3.6) HLu, is equal to Y,,,/a2,,M2,,,’ and since x2,, is 
fairly constant in the short run, if Y,,, changes by a larger percentage than 
M Zwf, Hzuf must adjust accordingly. 

Due to this observational problem, tests can only be performed on HP,,,,. 
It was seen above that the amount of excess labor on hand during the second 
week of month t - 1, measured as log HS,,,_, - log H~w~_i,z definitely 
appears to be a significant factor affecting firms’ employment decisions. The 
question arises whether a variable like log HS,,,_, - log HPZwf-,, which 
is the difference between the standard (or long-run equilibrium) number of 
hours of work per worker and the actual number of hours paid-for per 
worker, should be significant as well. HP2, can never be less than Hzw 
(hours actually worked per worker must be paid for by the firm), and when 
HP,, equals Hzw, the excess labor variable and log H&,_, - log HP,,,_, 
are equivalent. When HP,, is greater than Hzw, these two variables are 
not the same, and a priori there appears to be little season why in this case 

log HS,,,_, - log Hf’zx,t-r should be a significant factor affecting employ- 
ment decisions. If HPzrf_, does not equal H&,,_,, the obvious thing for 
the firm to do (ifit wants to make any adjustment at all) is to change HP,,. 
It can raise HP,, at will, and as long as HP,, is greater than HZwr the firm 
can also lower HP,, without the necessity of increasing Mzw. The firm 
cannot, however, lower HP,, at will if HP,, equals Hz,, and in this case 
it must increase M,, in order to lower HP,,. This, however, is exactly what 
the excess labor variable implies the firm will do when Hzw,_, is greater 
than HS,,,_,. There thus seems to be little reason why log HS,,,_, - 
log HP,,+, should be a significant determinant of log Mzw, - log MZwf_-l 
other than at those times when HP,,,_, equals HZwfel. 
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There also seem little reason why, as Kuh’s argument suggests, log 
HP,,,_ 1 - log HP2w,_z should be a significant factor affecting employment 
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decisions. It is the lewl of HP,,,_, (whether or not HP,,,_ I is greater than 
H2wf--l or HS2,,_,, etc.) which would seem to be appropriate for considera- 
tion and not the change in HP,,,_, from whatever level last period. 

For each of the seventeen industries the variable log HS,,+, - log 
HP,,,_, was added to eq. (3.9)’ to see if this variable had any of the same 
properties of the excess labor variable, log H&,,_, - log Hz,,_ ,. On the 
assumption that log HS,,y,_, equals log i? + pet, which was made in eq. 
(3.11), this is equivalent to adding the variable log HP,,,_, to eq. (3.9)‘. 
Since the sign of the coefficient of log KS,,,_, - log HP,,,_, is expected 
to be negative if this variable has any of the same properties of the excess 
labor variable, the estimate of the coefficient of log HPzw,_, should be 
positive in the estimated equation. The coefficient of log HP,,,_, is denoted 
as c(z. 

The results of adding log HP2,,_I to eq. (3.9)’ are presented in table 5.1. 
The same equation was estimated for each industry (same period of estima- 
tion, same expectational variables, etc.) as was estimated in table 4.3, except 
that log HP,,,_, was added to the equation. The results in table 5.1 are 
thus directly comparable with the results in table 4.3. Since the addition of 
log HP,,,_ 1 to the equation had little effect on the other coefficient estimates, 
only the estimates of u, and a2 are presented. As is clearly evident in table 5.1, 
log HP2wf--l does not appear to be a significant determinant of log Mzxl - 
log M,,,_,. In only two industries - 301 and 336 -is its coefficient estimate 
significantly positive, and in only five of the seventeen industries is it positive 
at all. Notice that in both industries 301 and 336 the absolute value of the 
estimate of the coefficient a, of the excess labor variable has decreased in 
size from the absolute value of the estimate in table 4.3 (for 301 from ,108 
to .086, and for 336 from 113 to .093), which is as expected, since the two 
variables are likely to be measuring the same thing during part of each year 
(the peak output months). For twelve of the industries the estimate of x2 
is negative, and it is significantly negative for two of these industries - 233 
and 331. No specific interpretation can be given for these negative signs, 
except that the results clearly seem to be inconsistent with the idea that a 
high level of hours paid-for per worker in the previous period leads to more 
workers hired in the current period (other than at those times when HP,,,_ 1 
equals Hz,,_ ,). 

Most of the estimates of ~1~ are not significantly different from zero and 
the fit in table 5.1 for most of the industries has not been improved from the 
fit in table 4.3, and it seems reasonable to conclude that the level of hours 
paid-for per worker in the previous period is not a significant determinant 
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of the number of workers hired or fired in the current period. This, of course, 
is as expected from the argument given above. 
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In table 5.2 the results of adding the variable log HP,,,_ I - log HP,,,_, 

to eq. (3.9)’ are presented. The coefficient of this variable is denoted as x3, 
and again only estimates of x1 and rj are presented, as the other estimates 
were not substantially affected. On the argument expounded by Kuh, c(~ 
is expected to be positive. 

For eleven of the industries the estimate of a3 is positive, and for two of 
these industries - 314 and 332 - the estimate of a, is significant. In both of 
these industries the absolute value of the estimate of a, has fallen from 
that presented in table 4.3 (for 314 from ,115 to .085, and for 332 from ,123 
to .lll). For the six industries where the estimate of a3 is negative, it is 
significantly negative for one of them - 331. In fourteen industries the 
estimate of CL~ is not significant. The Gts in table 5.2 are little changed from 
those in table 4.3, and it seems safe to conclude from these results that 
log HP2,,.+, - log HP,,,_, is not a significant determinant of log Mzw, - 
log M2uf_-l. This is also as expected, since there seems to be little theoretical 
season why this variable should be significant. 

5.3 Tests for cyclical variations in the short-run demand for production workers 

The model developed in this study has been formulated as a monthly one, 
with seasonal fluctuations playing an important role. In most, but not all, 
of the industries seasonal fluctuations in output are so large that they tend 
to swamp the cyclical fluctuations. An important question is whether the 
employment behavior of firms is different during general contractionary 
periods of output than during general expansionary periods. 

The hypothesis which is tested here is the hypothesis that during con- 
tractionary periods firms “hoard” labor in the sense that the model [eq. 
(3.9)‘] predicts more workers fired (or fewer hired) than actually are during 
the period and that during expansionary periods Brms “dishoard” labor 
in the sense that the model predicts fewer workers fired (or more hired) 
than actually are during the period. The idea behind this hypothesis is that 
firms might expect contractionary and expansionary periods to be temporary 
and react to them in a temporary way by letting hours worked per worker 
adjust more than they would if these conditions were expected to be per- 
manent. 

TVJO tests of this hypothesis were made for each industry. For the first 
test the output variable, log Y,,, was regressed against twelve seasonal 
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dummy variables’ and time in an effort to eliminate the puiely seasonal 
and trend fluctuations in log Y,,. The residuals from this equation, denoted 
as log P,,, were then taken to be a measure of the cyclical fluctuation in 
log Y,,. Since the cyclical effects on employment decisions may not be 
symmetrical for contractions and expansions, the following two variables 
were constructed: (log Pdr - log Pdf_l)+ and (log Pdt - log P,,_,)_. The 
variable (log Pdf - log Pa,-,)+ was set equal to log Pd, - log Pdf_, when 
log Pdt - log Pdi--l was positive and was set equal to zero otherwise. The 
variable (log P,, - log Pdf-&_ was set equal to log P,,, - log Pdt_-l when 
log Pdt - log Pdcml was negative and set equal to zero otherwise. These 
two variables were then added to eq. (3.9)‘. If the above hypothesis is true, 
these variables should have significantly negative, though not necessarily 
equal, coefficient estimates. When log P8, - log P,,_, is positive (expan- 
sionary period), the model on the above hypothesis should predict too few 
workers hired or too many fired, and when log P,,, - log Pd,_ 1 is negative 
(contractionary period,), the model should predict too few workers fired 
or too many hired. ’ 

In table 5.3 the results of adding (log P,, - log Pdl_l)+ and (log P4, - 
log P*,_ 1)- to eq. (3.9)’ are presented. The coefficients of these two variables 
are denoted as a4 and x5 respectively. In table 5.3 estimates of al, yO, aS, 
and e(s are presented; the effects on the other coeficient estimates were 
slight. Comparing the SE’s in table 5.3 with those in table 4.3, it is seen that 
only in industries 212,233,324, and 331 has the fit been noticeably improved 
by adding the two variables. For 212 and 233 the estimates of c(~ and a5 are 
negative, as expected, but for 324 and 331 the estimates are positive. For 
the other thirteen industries, only in 301 and 336 is the estimate of either 
a4 or e5 significant, and in both cases the estimate is of the wrong positive 
sign. Of the 34 estimates of u4 and x5, 16 are negative and 18 are positive. 

For industries 212 and 233, where the fit is improved and the estimates of 
a4 and a5 are negative, the estimate of the coefficient y0 of log Y;, - log 
Y,,_, is larger than it was in table 4.3 without the inclusion of the two vari- 
ables. This is consistent with the above hypothesis, since presumably with 
the inclusion of the two variables the “hoarding” phenomenon is explicitly 
taken account of and is not erroneously included in the log Y; - log Y,,_ 1 
variable. For industries 324 and 331, where the fit is also improved but where 
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the estimates of x4 and x5 arc positive, the estimate of yO is smaller than 
it was in table 4.3; adding the two variables took away some of the influence 
of the log YSt - log Ydl_, variable. 

In summary, then, the results for industries 212 and 231 arc consistent 
with the hypothesis that firms hire fewer workers or fire more than predicted 
during expansions and conversely during contractions, while the results 
for industries 324 and 331 arc consistent with the counter hypothesis - 
that firms hire more workers or fire fewer than predicted during expansions 
and conversely during contractions. Considering all of the industries to- 
gether, however, the general conclusion appears to be that this test has not 
revealed any substantive evidence that firms behave differently than the 
model predicts they should during contractions or during expansions, that 
the model as exemplified by eq. (3.9)’ appears to be adequately specified 
for “cyclical” short-run employment behavior. 

The above test has the disadvantage that the variable log Pdl, the residual 
from the regression of log Y,, on twelve seasonal dummies and time, includes 
the random error term in the log Y,, series as well as the cyclical term. Taking 
first differences of the log PdI series aggravates this problem, and it may be 
the case that the rpdom error term in the log Pdf - log PC,,_, series domi- 
nates the cyclical term. 

Because of th,is possible difficulty, another test was made of the above 
hypothesis. The National Bureau of Economic Research has divided over-all 
economic activity into upswings and downswings.’ Using their definitions 
of peaks and troughs in the post-war period, a dummy variable, denoted at 
D,, was constructed which was set equal to one for each month when over-all 
economic activity was declining (NBER peak to trough) and zero otherwise. 
D, was then added to cq. (3.9)‘, and if the above hypothesis is twc, the 
estimate of the coefficient of D, should be significantly positive (more 
workers hired or fewer fired during contractions than predicted,). The dis- 
advantage of this variable for testing the above hypothesis is that it relates 
to over-all economic activity and not necessarily to the activity of the 
particular industry in question; but the variable may be a rough indicator of 
general tendencies in the industry. 

The results of adding D, to cq. (3.9)’ arc presented in table 5.4. The 
coefficient of D, is denoted as x6, and estimates of a,, ya. and x0 are presented 
in the table. The other coefficient estimates were little affected. 

’ See, for example, us DEPARTMEM OF COMMEKE (1967a). 
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The estimate of a6 is positive as expected in only five industries, and it is 
not significant for any of these five. For the remaining twelve industries 
where the estimate of a6 is negative, it is significant for three of them - 301, 
332, and 336. For these three industries the estimate of the coefficient y0 
of log Y;, - log Y,,_, is smaller than it was in table 4.3 with D, not included 
in the equation, and for 301 the estimate of y,, in table 5.4 is no longer 
significant. This phenomenon is probably due to collinearity between D, 
and log Yst - log Y,,_, in the equation. 

These results clearly give no indication that the model underpredicts 
during the contractions as defined by the NBW. The insignificance of all 
but three of the estimates of a6 implies, according to this rather crude test, 
that firms do not behave differently than predicted during contractionary 
periods. 

The two tests together thus indicate that firms do not appear to behave 
differently than predicted during general contractionary. periods of output 
or during general expansionary periods. 

5.4 The effect of the unemployment rate on short-run employment decisions 

So far the effect of possible supply constraints on the number of workers 
employed has not been considered. It has been implicitly assumed that a 
firm has no trouble in the short run in finding and hiring the number of 
workers that it wants. In tight labor markets, of course, this may not be 
the case. 

The hypothesis which is tested here is the hypothesis that a tight labor 
market (measured by a low unemployment rate) tends to damp short-run 
changes in the number of production workers employed, i.e., that a tight 
labor market causes a firm to hire less (because workers are difficult and 
expensive to find) or fire less (because of fear of not being able to hire the 
workers back when needed), and that a loose labor market (measured by 
a high unemployment rate) tends to increase short-run changes in the number 
of production workers employed (because workers are easier to find and 
the firm need worry less about rehiring workers it has laid off). 

Let 0 denote the unemployment rate at which, in the eyes of the firm, 
the labor market switches from being relatively tight to being relatively 
loose, and let U,,, denote the unemployment rate during the decision period, 
from the end of the second week of month I - 1 to the end of the second 
week of month t. According to the above hypothesis, the effect of a positive 

log uzw* - log 27 (loose labor market) on log Mzvt - log M,,,_ I in eq. 
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(3.9)’ is expected to be positive for log M,,, - log M,,,_, positive and 
negative for log Mzw, - log M2h.,_l negative, and the effect of a negative 

log uzw, - log t? (tight labor market) is expected to be negative for log 

MN - log M2,.,-, positive and positive for log MIX,, - log M2wc_i 
negative. 

Because of this asymmetry of effects, log L:,, - log ocannot be added to 
eq. (3.9)’ in any simple linear way, and it is assumed to enter in the following 
way: 

log M,,, - log MiJ?_._, = r,(log MZuf_, - log M;,,_,H;,,_,) 

+ a, log f7+ a, @ 

m 

+ c Mlog &t-i - 1% L-1) + Y,(lW YS, - log &,_I) 
i=l 

n 

+ c Ya% y:t+i - h? y:*+i- 1) + w% Um - log 0) + E,. 

i=, 

where (5.1) 

$ = $0 “,(log~~,,,-, - logM;,,_,N;,,_,) + a,logif 

+ a, !A + $ p,(log Yd,_i - log Y,_,_l) 

The error term Ed is explicitly introduced in eq. (5.1) to avoid possible 
ambiguity as to how it is assumed to enter in the specification of the equation. 

What eq. (5.1) says is that the size and sign of the coefficient I/I of log 
U2,, - log 0 are determined by the other determinates of log &I’,,, - 
log M2,,,_ ,. If, for example, the other determinates imply that log M,,,., - 
log M2vf--l should be positive and large, then this implies that $ will be 
positive and large; and if furthermore log U,,, - log D is, say, negative, 
then eq. (5.1) implies that log MSw, - log Mzwf-, will be smaller than it 
would have been if log L’2wt - log 0 had been zero or positive. The specifi- 
cation of this equation is consistent with the above hypothesis that tight 



labor markets damp fluctuations in log Mzrf - log MZwt_l while loose 
labor markets tend to increase these fluctuations. 

Eq. (5.1) is non-linear in the parameters and thus cannot be estimated by 
ordinary least squares. It is also the case that the parameter 0 in eq. (5.1) 
is not identified. 0 is supposed to be the unemployment rate which divides 
loose from tight labor markets. Since Dcould not be estimated simultaneously 
with the other coefficients in eq. (S.lj, it was rather arbitrarily taken to be 
the average of U,,, over the sample period. Hopefully this measure is a rough 
approximation to the unemployment rate in the “average” (from the point 
of view of the firm) labor market. 

The coefficients in eq. (5.1) were estimated by minimizing the sum of the 
squared residuals of the equation. The sum was minimized by the use of the 
quadratic hill-climbing technique of GOLDFELD et al. (1966).’ On the as- 
sumption that et in eq. (5.1) is normally distributed, the estimates attained 
by this procedure are maximum likelihood estimates,2 and so an estimate 
of the asymptotic variance-covariance matrix of the parameter estimates 
can be obtained as [- 3’ log L/&$2]-‘, where L is the likelihood function, 
4 is the vector of parameters, and where the derivatives are evaluatedat the 
coefficient estimates.3 In the present context the asymptotic variance-co- 
variance matrix of the parameters other than uz is 2uz[@ &‘e/W-‘, where 
e is the T x 1 vector of errors E,, CT’ is the variance of E_ and 0 is the vector 
of parameters other than 0’. The maximum likelihood estimate of 0’ is 
.0/T, where 8 is the vector of calculated residuals and T is the number of 
observations. For present purposes, however, the estimate of uz was taken 
to be k’@T - K), where K is the number of coefficients estimated. Both of 
these estimates of (1’ are consistent, and the estimate of CT’ used here has 
the advantage of being more comparable with the ordinary least squares 
results in table 4.3. The estimate of asymptotic variance-covariance matrix 

1 See also GOLUEELD, QWWDT, and TROTTER (1968). 
2 Note that eq. (5.1) includes the log .Ms,t+-log M*z,+IH*s,~~T variable, which is of 
the nature of a lagged dependent variable. For equations withna laggeddependentvariables 
the properties of the maximum likelihood esrimates are well established (e.g., consistency 
and asymptotic efficiency), but the properties are less established for equations with 
lagged dependent variables. The results which have been achieved for a few wer (see 
KOOPMANS and HOOD, 1953, pp. 146-147, however, indicate that for equations with 
lagged dependent variables the maximum likelihood estimates retain their desirable 
properties. 
’ See, for example, GOLDBERCER (1964, p. 131). 
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which was finally calculated was, therefore, 2(0/(T - K)) [a’ e’~/&3~]-‘, 
where the derivatives are evaluated at 0 = @. 

The unemployment rate data used for U,,, were unpublished and were 
obtained from the BLS directly. Data were available on a monthly basis 
seasonally unadjusted from 1948 to the present for durable goods and non- 
durable goods industries, as well as for the over-all economy and other 
categories. Given these data, it seems that the most relevant measure of the 
tightness of the labor market facing any one firm is the unemployment rate 
in the durable or non-durable goods industry, depending on which category 
the firm is in. Durable and non-durable is as fine a level of disaggregation 
as is available for the unemployment rate data, although with workers being 
able to move from one industry to another, it is not clear that the degree of 
disaggregation should be any greater even if it were possible to get more 
disaggregated data. Thus the durable-non-durable breakdown was used 
for the unemployment rate data. 

Prior to 1955 the BLS unemployment data refer to the week containing 
the 8th day of the month, and since 1955 they refer to the week containing 
the 12th day of the month. Ideally the U,,, variable above should refer to 
the state of the labor market from the end of the second week of month 
f - 1 to the end of the second week of month f. The U,,, actually observed 
relates approximately to the second week of month t, or a little earlier 
before 1955. On theoretical grounds U,,, would appear to be a closer 
approximation to th,e relevant decision period than, say, r/,,,_,, which 
actually relates to the week before the decision period. U,,, was thus chosen 
as the more relevant variable. 

There is a possible simultaneous equation bias which could creep into 
the estimates of eq. (Ll), since a firm’s employment policy obviously 
affects the number of workers unemployed. Since each of the three-digit 
industries studied here is a relatively small part of total durable or non- 
durable manufacturing, this bias is not likely to be serious, and the un- 
employment rate has been taken to be exogenous to each industry. 

The results of estimating eq. (5.1) are presented in table 5.5. Since the 
other coefficient estimates were not substantially changed, only the estimate 
of $0 is presented. Under the hypothesis discussed above, ri/O is expected 
to be positive if in fact tight labor markets tend to damp short-run fluctu- 
ations in the number of production workers employed and loose labor 
markets tend to increase the fluctuations. The “t-statistic” presented in 
table 5.5 is the absolute value of the ratio of the coefficient estimate to its 
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Industry 

201 

207 

No. of ohs. 

192 

136 

211 136 

212 136 

231 136 

232 136 

233 136 

242 154 

271 166 

301 134 

311 170 

314 130 

324 187 

331 128 

332 170 

336 170 

341 191 

.43 I 
(2.73) 

,072 
(0.65) 
-.252 
(0.57) 
--.0$9 
(0.14) 

,594 
(2.93) 

,451 
(1.80) 

271 
(1.19) 

,079 
(0.80) 

,074 
(1.21) 

,087 
(1.57) 

,356 
(I .09) 

,022 
(0.12) 

,147 
@.90) 

,275 
(1.66) 

.583 
(2.37) 

.693 
(3.33) 
- .w9 
(0.10) 

SE 

.0118 

.01*0 

.0102 

.0159 

.0188 

.O106 

.0292 

.,X27 

.@a4048 

.0141 

.0114 

.0143 

,017, 

.O,OO 

.X64 

.O17O 

.0181 



asymptotic standsrd error, the latter being computed from the asymptotic 
variance-covariance matrix discussed above. 

In all but three industries - 211 , 212, and 341 - the estimate of $0 is 
positive. For four of these industries - 201, 231, 332, and 336 - the t-statistic 
is larger than two, and for six others it is larger than one. For about half of 
the industries the SE for eq. (5.1) is smaller than the SEforeq. (3.9)‘presented 
in table 4.3. 

The fact that all but three of the estimates of tiO are positive and the fact 
that ten of the estimates are larger than their asymptotic standard error 
indicate that the degree of labor market tightness may affect short-run 
employment decisions. The evidence is not strong and any conclusion must 
be tentative, but the hypothesis under consideration here appears to have 
some validity. Some evidence on the significance of labor market tightness 
for the change in hours paid-for per worker \uill be given in ch. 7, and these 
results will shed some further light on the possible validity of the above 
hypothesis. 

5.5 The relationship of the exees labor model to a lagged adjustment model 

The empirical results which were discussedin ch. 4 regarding theexpectational 
hypotheses indicated that the expectational hypothesis which assumes non- 
perfect expectations for Y& is not realistic,’ and this hypothesis was 
dropped from further consideration. Assuming, then, that Y;,, equals Y,,, 
in eq. (3.9) and ignoring for the moment the past change in output variables, 
the equation can be written 

log iv,, - logM,,,-, = a,(log M,,,_, - log iM:,,_,) 

n 

+ YdW y,,, - 1% Y2,,-1) + c Yi(b2 Y&i - log Y&,+i-,). (5.2) 
i=1 

&Ii,,_, is the desired number of workers employed for the second week of 
month t - I for the output Y2,v,_l. Since the firm is assumed to know 
Y,,?, in advance (perfect expectations for Y,,,), it can also be assumed to 

1 For sake of consistency with the discussion in ch. 3, the discusrim in this section is 
couched in terms of Yze instead of the observ~zd Yar. 
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know M,d,, in advance. Therefore, the following “lagged adjustment” model 
could be constructed and estimated: 

II 

+ 2 Yi(log y;w,,+i - log Gv,+i-,). (5.3) 
i=l 

M& is the desired number of workers employed for the second week of 
month f, desired as of the second week of month t - 1. Using the definition 

of NW, in eq. (3.7) and the assumptions made about KY,,, in eq. (3.1 I), 
eq. (5.3) could be estimated in a manner analogous to eq. (3.9)‘, the basic 
equation of the “excess labor” model. 

The lagged adjustment model as exemplified by eq. (5.3) appears to be 
more in the spirit of the basic model of ch. 2, with the expected future change 
in output variables being added. Of cowse, the basic difference between this 
model and the basic model of ch. 2 is that here Miwr is constructed, under 
the assumptions of no substitution possibilities and constant returns to 
scale, from the interpolations discussed in 5 3.6, whereas in the basic model 
of ch. 2, M&f is assumed to be derived from a Cobb-Douglas production 
function, the parameters of which are assumed to be estimatable from the 
derived equation (2.37). 

The relationship between the excess labor equation (5.2) and the lagged 
adjustment equation (5.3) is easy to see. Since in eq. (3.6) [which is derived 
from the production function (3.2)] the production function parameter 
a3r, is assumed to move slowly through time from peak to peak, for short- 
run considerations zzu, can be approximated by a constant, say L?. If it is 
assumed that the standard number of hours of work per worker per week 
is constant over time so that HS,,,_ 1 = HS,,, = B, which is approximately 
true in the short run even if KS is a slowly trending variable as assumed in 
eq. (3.1 I), then from eqs. (3.6) and (3.7) 
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Therefore, 

log M&f - log e”-1 = log Y*w - log Y,,,-,, (5.6) 
or 

log M&,, = log M;,,_, + log Y,,, - log Y?,,_,. (5.7) 

Substituting this value of log M& into the lagged adjustment equation 
(5.3) yields 

log Mzwt - log M,,,_, = &log M&_, - log Mzw,-l) 

+ %(log Yz,, - log Y,,,_,) + 
c 

Yi(log Y&“,,,i - log Y&H-2). (5.8) 
i=, 

Comparing eqs. (5.8) and (X2), it is seen that the lagged adjustment model 
is equivalent to the excess labor model with the additional restriction that 
~~1 equals ‘yOl in eq. (5.2). In other words, the lagged adjustment model 

can be considered to be special case of the excess labor model. The results 
of estimating the excess labor equation, which were presented in table 4.3, 
strongly indicate that Iti11 does not equal yOi (even considering the fact that 
for some of the industries the past output change variables are taking away 
some of the influence of the excess labor variable and thus are decreasing 
the size of 1x11), so that the model of the short-run demand for production 
workers appears to be better specified in terms of the “excess labor reaction” 
equation (5.2) than in terms of the “lagged adjustment” equation (5.3). 

5.6 Alternative distributed lags 

Eq. (3.9) implies that log Mzv, is a distributed lag of past values of the 
desired number of workers employed, log M,d,, and of the past values of the 
various change in output variables in the equation. Jorgenson has shown 
that any arbitrary distributed lag function can be approximated by a rational 
distributed lag function.’ Let the lag operator L be defined such that L’X, = 
X,_, and let p(L) and v(L) be polynomials in L. Then eq. (3.9) can be 
written 

m 

1 JORGENSON (1966, p. 142) 
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+ Ir’om y;w* - 1% Y2,“-1) 

n 

+ 
c 

Y&T %.r+i - log %“‘+,-I)> 

i=, 

where 
v(L) = I - (1 + a,) L 
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WJ) 

(5.10) 

and i 
p(L) = -cxl. (5.11) 

Eq. (5.9) can be divided through by v(L) to give log Mzul as a rational 
distributed lag of past values of log M,“,” and past values of the change 
in output variables. 

A more complicated lag than that implied by eq. (3.9) is implied by an 
equation like (3.9) with the variable log M,,,,,_, - log M&,_, added to 
it. This variable is a measure of the amount of excess labor on hand during 
the second week of month t - 2, and adding it to eq. (3.9) (with coefficient 
GL,) implies that in eq. (5.9) 

v(L) = 1 - (1 + c/,)L- n,P (5.12) 

and 
p(L) = -I1 - a&. (5.13) 

In an effort to test for a more complicated lag structure than that specified 
in eq. (3.9), the variable log IW~,,.-~ - log M;rt-2 was added to eq. (3.9)‘. 
From eq. (3.7) M,d,,_, equals M2”uf-ZH;Wf-Z/HSZlt_*, and if it is assumed 
that the effects of log HSzwl-2 can be absorbed in the constant term and 
time trend in the equation, then adding log M2ulf_Z - log M&-2 to eq. 
(3.9)’ is equivalent to adding log Mzwr-* - log M~,,_,H&._, to the 
equation. The results of adding log .hl,,,_, - log M&,_,H&2 to eq. 
(3.9)’ are presented in table 5.6. Only the estimates of the coefficients of 

log M2u,f-, - log M;w,-1 H&e 1 and log M,,v,_, - log M;,,_,H;,,_, are 
presented, the coetlicient of the latter being denoted as a,. 

In only one industry - 212 - is the estimate of (17 significant, where it is 
significantly positive. In seven industries the estimate of LX, is negative and 
in the other ten it is positive. When the estimate of c(, is negative, the 
estimate of a, is smaller in absolute value than it was in table 4.3 when 

t * 
lwM,w-z - log M,w,-,H,w,-z was not included in the equation; and 
when the estimate of a, is positive, the estimate of a, is larger in absolute 



Industry No. ofobs. 

201 192 

207 136 

211 136 

212 136 

231 136 

232 136 

233 136 

242 154 

271 166 

301 134 

311 170 

314 136 

324 

331 

332 

336 

341 

187 

128 

170 

170 

191 

-.I27 -.056 
(1.81) (0.84) 
-.202 .055 
(2.85) (0.90) 
--.I31 ~.004 
(5.63) (0.40) 
-.325 ,184 
(5.87) (4.25) 
--.296 .A35 
(3.89) (1.79) 
--.092 ml 
0.66) (0.03) 
+.105 p.116 
(1.57) (1.85) 
-.014 -.032 
(0.17) (0.39) 
p.033 -.021 
(1.81) (1.81) 
--.093 -.022 
(4.85) (1.20) 
-.I76 .a33 
(6.70) (0.26) 
-.t26 .022 
(2.68) (1.09) 
--.I04 -.012 
(5.11) (0.49) 
-.156 ,119 
(1.84) (1.44) 
--.I45 ,024 
(6.77) (1.35) 
p.128 ,014 
(1.77) (0.22, 
-.I19 ,049 
(1.68) (0.77) 

.0120 2.02 

.0180 2.04 

.0103 1.93 

.0149 1.76 

.0192 1.89 

.0107 1.45 

.0289 1.57 

.0127 1.85 

m48 2.22 

.0142 1.99 

.0115 2.12 

.0143 2.09 

.0177 2.02 

.OlCKl 1.61 

.0166 2.22 

.0176 1.74 

.0180 1.89 

t-statistics are in parentheses 



value. There is also a strong tendency for the addition of log M,,,_, - 

log M;w,-,H;w,-, to decrease the significance of the estimate of 1,. The 
effect on the other coefficient estimates was small except on the estimate of 
the coefficient p, of log Yd,_, - log,Y,,_,. The introduction oflogMzM,,,_, - 

log J&w,-,H;,,-z tended to decrease substantially the significance of the 
estimate of 8, (for those industries, that is, where the estimate of /3, was 
significant to begin with). This is probably due to the fact that log Miw,,_, 
approximately equals’ log M&,_ 1 - (log Y,,_, - log Y,,_,), and adding 
the variable Log M,,,_, - log M,d,,_2,2 which approximately equals log 

Maw2 - log M&v,-, + log Y,,-, - log Y,,_,, to eq. (3.9)’ is likely to 
lead to collinearity problems between this variable and log Ydt- 1 - log Yd,- 2. 

Because of the insignificance of all but one of the estimates of ly, and 
because the introduction of log M,,,_, - log M&_2H~,,_, had negligible 
effects on the standard errors except for industry 212, there appears to be 
little evidence of the existence of a more complicated lag structure as 
exemplified by adding this variable to eq. (3.9)‘. 

Regarding the reaction of firms to the amount of excess labor on hand, 
it may be the case that firms react differently depending on the size of the 
amount of excess labor on hand, i.e., firms may react in a non-linear way 
to the amount of excess labor on hand. The hypothesis which is tested here 
is the hypothesis that the larger the amount of positive excess labor on 
hand the stronger is the reaction of firms in eliminating it and the larger 
the amount of negative excess labor on hand the stronger is the reaction of 
firms in adding more workers. The hypothesis was tested by adding the 
variable (log M,,,_, - log M&_, )* to eq. (3.9)‘.’ The notation i: indi- + 
cates that when log M,,,_, - log M,d,,_, was negative, the squared term 
was taken to be negative as well. This is consistent with the idea that 

(log M*,,-, - log @,,-I ) 2 should be positive when there is a positive * 
amount of excess labor on hand and negative when there is a negative 
amount of excess labor on hand. 

1 see eq. (5.7). 
2 Remember that adding the variable log Mze,t.~ - log M*zrCt+&‘%t .a to theequation 
(which was actually done) is esuivalenr to adding log MZZC+Z - lag M%o-a, under the 



Industry No. of obs. oii 

201 192 

207 136 

211 136 

212 130 

231 136 

232 136 

233 136 

242 154 

271 166 

301 

311 

314 

324 

331 

332 

336 

341 

134 

170 

136 

187 

128 

170 

170 

191 

-.I35 -I96 
(3.01) (1.74) 
--.072 p.154 
(1 .w (1.42) 
-.I61 ,190 
(5.13) (1.31) 
- ,056 -.336 
(1.32) (1.48) 
--.a90 --.217 
CL.571 (2.19) 
-.06i --.I27 
(1.75) (0.96) 

.I50 -A05 
(I .98, (2.24) 
-.079 .I37 
(1.59) (0.90) 
- ,032 -.057 
(1.26) (0.64) 
- ,072 -.I40 
(2.20) (1.22) 
-.235 ,298 
(3.60) (1.02) 
--.I91 .577 
(2.49) (1.25) 
-.136 ,052 
(4.01) (0.90) 
--.052 ,066 
(2.26) (0.88) 
-.I56 ,103 
(4.62) (1.06) 
-.167 .231 
(3.01) ww 

.OQ9 -JO6 
(0.24) (2.36) 

&s SE DW 

.0119 1.93 

.0179 2.12 

.a102 1.89 

,015s 2.60 

.0191 1.99 

.0107 1.48 

,028s 1.50 

.0127 1.81 

.OO‘M 2.11 

.0142 1.97 

.01,5 2.14 

.0143 

.0177 

.OlOl 

.0167 

,017s 

.0178 

2.22 

2.02 

1.87 

2.20 

1.81 

2.02 



In table 5.7 the results of adding (log Mzrf_l - log M&,,_,): to eq. 
(3.9)’ are presented. The coefficient of this variable, denoted as x8, is expected 
to be negative if in fact the larger the amount of excess labor on hand the 
stronger the reaction is. In table 5.7 only the estimates of a, and a8 are 
presented; the effects on the other coefficient estimates were minor. 

In nine of the industries the estimate of x8 is negative (as expected), and 
in three of these industries - 231, 233, and 341 - the estimate is significant. 
When the estimate of a8 is negative, the estimate of CQ decreases in absolute 
value compared with the estimate of c(, in table 4.3 without (log M,,,_, - 
log M&_ ,): included, and when th e estimate of c(* is positive, the estimate 
of a, increases in absolute value. The introduction of (log M2wf_l - log 
M&_,): tends to decrease the significance of the estimate of 8,. Except 
for perhaps industry 233, the effects on the standard errors are slight. The 
results rather strongly suggest that the reaction to the amount of excess 
labor on hand is not stronger the larger the amount held. 

It appears, therefore, from the two tests performed here that the intro- 
duction of the excess labor variable, log Mzu;,-, - log M&_ ,, and (for 
a few industries) the past change in output variables to the equation deter-, 
mining the short-run demand for workers adequately approximates the 
reaction of firms to the amount of excess labor on hand. 

5.7 Possible capacity constraints 

By specifying the short-run production function as one of fixed proportions 
and constant returns to scale, it is implied that when new workersare hired 
they work on previously idle machines (or on a previously non-existence 
second or third shift).’ Labor services (measured in this study as man hours) 
can, of course, be increased by increasing the number of hours worked per 
worker without having to add more machines, since the existing machines 
can just be utilized more hours. At high rates of output firms are not likely 
to have idle machines on hand, and if they want to increase the rate of 
output even more from an alrea$ly high rate, they may have no choice but 
to increase labor services by increasing the number of hours worked per 
worker rather than by adding new workers. This would imply that for further 
increases in the rate of output from an already high rate log M2*,t - log 
M2wi-l should be smaller, other things being equal, than for the same 

1 See the discussion in 5 3.5. 



lndustly No. of obs. 90 Bo SE DW ““A 

201 192 .26l .mI5 
(9.84) (0.11) 

207 136 ,261 .ooo2 
(10.09) (0.02) 

211 136 ,084 m07 
(4.15) (0. i 7) 

212 136 ,158 -.OOlS 
(7.22) (0.41) 

231 136 ,129 --.ool7 
(3.95) (0.24) 

232 136 ,125 --.0051 
(9.58) (1.58) 

233 136 ,173 -.0107 
(6.67) (1.09) 

242 154 ,223 -0356 
(13.63) (1.32) 

271 166 ,124 -.cQ39 
(8.13) (3.59) 

301 134 .070 --.0101 
(3.53) (2.25) 

311 170 ,188 .cQ14 
(7.89) (0.31) 

314 136 ,324 -.Wl6 
(10.21) (0.29) 

324 187 ,224 m20 
(16.46) (0.45) 

331 I28 ,189 -CO40 
(9.94) (1.24) 

332 170 .176 -.W46 
(8.24) (0.91) 

336 170 ,158 .0036 
(6.02) (0.69) 

341 191 ,176 m95 
(14.34) (1.51) 

.0120 1.94 6.8 

.0181 2.12 9.6 

.0103 1.93 6.6 

.Ol59 2.61 13.2 

.0194 1.98 7.4 

.0106 1.46 11.8 

.0292 1.49 9.6 

.0126 1.79 7.1 

.oQ46 2.13 19.3 

.014O 1.88 11.2 

.OllS 2.12 5.3 

.0143 2.19 7.4 

.0177 

.Ol67 

2.01 

1.89 

2.22 

1.78 

1.97 

12.3 

.OlOl LO.2 

8.2 

.0176 10.6 

.OlSO 6.8 

r-statistics are in parentheses. 
a Percentage of abservations for which Dh’t w~as set equal to me. 
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increase in the rate of output from a lower rate, since hours worked per 
worker would take up more of the adjustment at high rates of output. 

This hypothesis that log Mzw, - log M,,,+, is smaller, other things being 
equal, at high rates of output was tested in the following manner. For each 
industry, output Y,, was plotted monthly for the nineteen-year period, and 
a dummy variable, denoted as DK,, was set equal to one for those observa- 
tions where Y,, - Y,,_, was positive and Y,,_, appeared to be large 
relative to surrounding observations, and was set equal to zero otherwise. 
On the above hypothesis the coefficient of DK, should be negative. This 
test is of course somewhat subjective in that the construction of DK, is 
subjective, but the test should give a general indication whether log Mz,, - 
log MzwI_, behaves differently, other things being equal, when the rate of 
output is high and increasing. 

The results of adding DK, to eq. (3.9)’ are presented in table 5.8. The 
coefficient of DK, is denoted as CI~, and estimates of y0 and a9 are presented 
in the table. Presented also in the table for each industry is the percentage 
of observations for which DKt was set equal to one. For ten of the seventeen 
industries the estimate of c(~ is negative, as expected, but significantly so for 
only two of them - 271 and 301. The estimates of y,, are little affected by the 
introduction of OK, and the other coefficient estimates were little affected 
either. Only for industries 232, 271, and 301 has the standard error gone 
down even slightly compared with the standard error in table 4.3. It is 
rather clear that DK, is not a significant variable, and at least on this test 
the behavior of log M,,, - log MZwf-i does not appear to be different 
when the rate of output is high and increasing. 

If the above assumptions about the short-run production function are 
true, these results indicate that at least for rates of output which are actually 
observed there does not appear to be machine capacity problems at high 
rates of output. The crude nature of the above test should be emphasized, 
however, and perhaps not too much weight should be put on the results. 

5.8 Summary 

In this chapter various hypotheses regarding the short-run demand for 
production workers were proposed and tested. For the most part these 
hypotheses were rejected. Neither the past level of hours paid-for per 
worker, log HP2,++, , nor the past change in the number of hours paid-for 
per worker, log HPZVt_I - log HP,,,_,, appears to be a significant deter- 
minant of the change in the number of workers employed, although as was 
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seen in ch. 4, the amount of excw labor on hand, which is measured as, 

log us,,,- 1 - log I?,,,_,, definitely appears to be significant. These 
results are as expected from the theory discussed above. 

Since seasonal fluctuations are quite pronounced in many of the industries, 
two tests were made to see whether the behavior of firms is different than 
the model predicts it should be during general contractionary periods of out- 
put and general expansionary periods. The hypothesis that firms “hoard” 
labor during contractions and “dishoard” labor during expansions (in the 
sense that the model predicts more workers fired or fewer hired than actually 
are during cbntractions and conversely during expansions) was tested. 
Although the tests were rather crude, there did not seem to be any evidence 
that this hypothesis is true. 

The one hypothesis which appeared to hove sxne evidence in its favor is 
the hypothesis that labor market conditions (as measured by the unemploy- 
ment rate) affect the employment behavior of firms. The hypothesis that 
tight labor markets tend to damp fluctuations in the number of workers 
employed and that loose labor markets tend to increase these fluctuations 
was tested by the means of a non-linear estimating technique, and the results 
were such that the hypothesis could not be completely rejected. Some further 
results will be presented in ch. 7 which add indirect support to this hypothesis. 

The relationship between the “excess labor” model developed in this study 
and a “lagged adjustment” model which is more in the tradition of previous 
models was discussed, and the lagged adjustment model was seen to be 
(approximately) a special case of the excess labor model. From the results 
presented in table 4.3 the lagged adjustment model appears to be unduely 
restrictive. With respect to the excess labor model, a more complicated 
distributed lag equation was estimated in which the variable log MZvf-2 - 

log M&-a> which is the amount of excess labor on hand during the second 
week of month r - 2, was added to eq. (3.9). This variable was not significant, 
and there was no evidence of a more complicated distributed lag on this 
score. In another test the variable (log 1%4~~,_~ - log M$,,_,);1, which is 
the square (adjusted for negative signs) of the amount of excess labor on 
hand during the second week of month t - 1, was added to eq. (3.9) to see 
whether firms react in a non-linear way to the amount of excess labor on 
hand. This also does not appear to be the case, since the variable was not 
significant. From the results of these last two tests, the reaction of fums to 
the amount of &cess labor on hand appears to be adequately specified by 
eq. (3.9). 

Finally, a test was made to see whether possible machinecapacityproblems 
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cause the behavior of firms to be different, other things being equal, at high 
rates of output. The hypothesis that the change in the number of production 
workers employed is smaller, other things being equal, at high rates of 
output was tested, and the results indicated that this is not the case. 


