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One of the most widely used tools in the empiricél analysis of
labor skills is the fixed coefficient "manpower requirements" model.
Variants of the model have been empleed by the U.S. Bureau of Labor
Statistics to forecast manpower "needs" and provide guidance in vocational

decision-making; by the O0.E.C.D. in its Mediterranean Regional Project

to analyze relations between growth and educational "requirements';

and by numerous developing countries as part of the manpower planning
process.l Wide usage notwithstanding, the fixed coefficient approach

has been severely criticized by many economists.2 From the perspective of
standard factor demand theory, the main flaw of the model is its failure
to allow for the adjustment of inputs to changes in factor prices. As

a tool of labor market analysis, the approach also suffers from being
widely used with extrapolative supply projections to forecast3 shortages
or surpluses in a system that neglects supply as well as demand adjustments.
In largekmeasure because of the poor supply projections, requirements/
supply forecasts of market problems have often been seriously in error,
projecting ''shortages" for example when "surpluses" in fact developed

(see Freeman and Breneman).

These difficulties notwithstanding, the fixed coefficient demand
model offers the only general analytic tool for studying the effect of
changes in the industrial composition of an economy on demand for workers
in a large number of disaggregate occupations. The alternative variable

coefficient production function methodology cannot handle more than a

few different inputs due to the number of elasticity parameters involved.4



Like input-output analysis in general, the fixed coefficient manpower
model sacrifices potential knowledge about substitution among aggregated

inputs for knowledge about disaggregated changes in the industrial mix

in the economy. Whether this tradeoff is worthwhile is an empirical

issue dependent on the problem under study, the extent of diéaggregate
shifts in industrial structure,and the extent of factor substitution.

To judge the usefulness of the tool, it is necessary to examine the actual
1ink between fixed coefficient shifts in demand for labor skills and
changes in employment at the level of disaggregation on which the analysis
focuses.

This paper presents such an investigation using data on 3 digit
occupations in the United States from 1960 to 1970. It imbeds the fixed-
coefficient manpower approach into a more general demand model, in which
thé fixed coefficient calculations are interpreted as ﬁeasures of
horizontal shifts in demand whose elasticity is set by standard substitution
consideraticsns and in which employment depends on changes in wages as
well as shifts in demand. The "augmented'" model is estimated and compared
to the simple fixed coefficient predictions. There are three basic
findiags. First, by themselves, the requirements shifts account for much
of the change in employment among detailed occupations in the period studied,
though ‘standard errcrs of estimate are sizeable. Second, even’ crude
adjustments'for factor price effects show that demand for detailed skills
is far from zero elastiec. Third, the model seems to work not because
demand and supply are economically unresponsive but because the variation
in the wage structure and corresponding incentive to alter manpower coefficients
is moderate relative to the variation in the shift in demand due to changes

in indusrtrial mix.



The paper is divided into five se;tions. The first sets out the basic
methodology of the fixed coefficient approach and develops an augmented
requirements model [ARM] wihich also allows for factor substitution.

The second examines thé variation in the changes in émployment and income
ameng detailed occupations in the 1960-1970 pefiod and the link between
changes in employment predicted by fixed éoefficient shifts and actual
changes. Section three presents estimates of the reduced form employment
and demand equations of the ARM model. Section four seeks to explain the
greater variation in changes in employment than in changes in incomes among
occupations in terms of the estimated demand relation and the apparently

high occupational mobility of the work force. There is a brief conclusion.

I The Model

The principal element in manpower requirements analysis is an inter-~
industry model in.which labor skill coefficients--~the ratio aij of workers
in an occupation i and industry j [Nij] to total industry employment
[Nj]——are assumed to be fixed. The assumption of fixed input ratios
.means that only a single observation is needed to estima;e aij (though
more observations should improve the estimates), which permits a highly
disaggregate analysis of occupational skills across industries that
would not be possible if substitution parameters were also estimated.5

With input ratios within industries fixed, the moving force of the

requirements model is the changing industrial composition of employment
(or output), which is taken as exogenous to the labor market. Formally,
if Di is the number of workers "demanded" in occupation i (other

factors fixed), the basic coefficient relation is:



In the year (data set) in which the aij are calculated, equation

(1) is an identity and D, will equal the actual number employed. The

i

equation becomes a model when a particular a,, matrix is applied to other

ij

periods or data sets.
Taking first differences of (1) yields the basic equation relating
changes in industry employment to shifts in demand for occupation skills:

(2) ADi = ?aijANj
where A is the difference operator. Letting Li = actual employment,

the actual change in employment ALi is, by definition:
3) AL, = Za_,.AN., + IN.Aa,. + ZAa_ . AN, = AD, + IN.Aa,. + Zla,.AN,
) 17 5%555 7 7300 T T O R B S
From equation (3) we see that ADi will give a perfect prediction of the

chaﬁge when Aa,, = 0 or when IN Aa_,k + ZAaijAN equals'zero.5 That is,
. ER S

ij j i i3 ]

when input coefficients are fixed or changes happen to balance out.
Equation (2) can be fruitfully rewritten in percentage change or

elasticity form by dividing both sides by Di (= Li in the base perid&):

* A
(4) D, = AD, /D, = Za_.N,/D, “Nj = Iy, .
i N A J/ i N §Yiij

J

where Y,, = N,./D, = a_, . N./D, and dots above variables relate to percentage
ij ij’ i ij 3’1

changes. Note that in (4) the parameters which weight changes in employment
are not (as before) the proportion of workers in the jth industry employed

in the ith occupation (aij) but the proportion of workers in the ith

occupation employed in the jth- industry (a_.j Nj/Lj).



In this paper 1 interpret ADi or Di as measures of horizontal shifts
in demand due to changes in the interindustrial mix of employment at
fixed wages, not (as is common in the requirements literature) as predicted

manpower needs. The changes are part of the more genéral demand function

for occupation i:

(5) Li = Di-niwi + oy
where ii = percentage charnge in demand fcr labor ‘n occupation i.

W; = percentage change in wages in i
ni = elasticity of demand in i

. U, = changes in demand not attributable to measured shifts

E(ug) = EQu¥;) = EQuD,) = 0 and V(u) = o

In equation (5) other factor prices are assumed constant; in empirical

work, the change in wage in occupation i will be compared to the average

change for all occupations. .
Rewriting the actual change in employment (3) in percentage change

form yields a comparable expression for ii in terms of changes in industrial

employment and in input coefficients:

[ = q. + Ty..a,. + Iy,.a..N,
6y 1y ZYiJ'NJ' YlJalJ YlJ i3]

where all summations are taken over j.
1f nij is the elasticity of demand for the ith occupation in industry

j, the changes in input coefficients can be written as:

(7 ay5 = Ny5¥y

where for simplicity other (random) changes in the coefficients are ignored.



Substituting (7) into (6) and noting that ﬁi = Zyijﬁj yields:

(8) Ly =Dy = Iy inysWy = TY35M45%5Ny

an equation which makes the overall response of demand to changes in
wages a welghted average of responses of demand within industries

; R,
(Zyijnijhi) and an interaction term (Zyijnij iNj)

When the interaction term is sufficiently small to be ignored,6 equation (8)

translates directly into the summary demand equation (5),7 with

(9 ny = Iy

1513
Equation (9) shows that the elasticity of demand for workers in occupation
i is a weighted average of the elasticities of demand for the occupation
across the j industries.

When the interaction term is large, on the other hand, expression (8)
shows that (5) is not an adequate representa;ion of thg change in demand,
for it ignores the interaction effect. While in general there is no easy

way to treat interactions, it can be readily seen that when the nij are

approximately the same (ﬂni) the right hand side of equation (8) simplifies to:

(10) D; - n, Ty IW;-n, @y, NW) =Dy -nW, - nD.W,

According to (10) an appropriate specification of demand requires not
only shift and wage terms but also their direct multiplicand, which should
obtain a coefficient equal to the elasticity of demand. Because of the
finite difference form, shifts in demand have smalleffects on employment
when wage changes are large while wage changes have large effects on
employment when demand shifts are large.

However one treats the interaction effects, the model of (1)~(10)
shows that the assumption that input coefficients respond to changes in.
wages can yield a relatively simple generalization of the fixed coefficient

model, in which changes in wages operate through a single elasticitv term.



One additional assumption is needed for the demand model to be empirically
tractable. Because the requirements analysis is applied to decadal changes
in a large number of occupations, it is not possible to estimate (5) with
separate elasticities for each occupation. Instead ni must be assumed to
be the same acfoss occupations, yielding the following demand function to be

estimated:

(5') L. =D, -nW. +v

where v has a mean 0 and variance ¢

The augmented requirements model is closed by addition of a supply
equation linking changes in the supply of labor to occupations to movements
along a supply schedule due to changes in wages and to shifts in the schedule
due to other factors(such as changes in the sex distribution of thé work
force or especially high wages in the base year). Let ii = 1ln change in
number of workers supplied; éi = 1n shift in schedule due to measured factors
other than changes in wageslo; Zi = ghifts in supply due to unmeasured
factors, with E(Zi) = 0 and vi(Zi) = Gf. Then we can represent changes in
the supply of labor by:

'S

(11) L] =S, +¢W + I,

Alternatively, if supply is assumed to decline over time proportionately
with the size of the work force due to normal retirement, death, or other
mobility patterns, the supply curve can be written as:

. _: o B
(1" Li si+q>wi )\Li( *)+Zi

where » = rate of attrition of workers. Note that in (11) and in (ll'x
~as in (5'), each occupation is assumed, for reasons of empirical tractability,

to have the same elasticity of response.

Emplovment Determination

The model consisting of demand equation (5') and supply equation (11) vields,



on the assumption of market clearing, a reduced form employment equation linking

Li to the shift in demand due to interindustrial mix and to the shift in supply

(12) L= @b, +n3)/@ +n) + (@u, + nZ)/(® +n)

This equation shows that, on average, changes in employment depend on a
weighted average of the shift in demand and the shift in supply, with
weights reflecting the relative size of the supply and demand parameters.12
If, for simplicity, we assume no exogenous shifts in supply (éi = 0), the
requirements model is seen to provide a perfect prediction of changes in
employment under two conditions: when the elasticity of demand is zero

(n = 0), the usual fixed coefficient postulate; or when the elasticity

of supply is infinite (¢ = %), so that wages do not change. More generally,

b will giw a good fix on L

i whenever ¢/n is large or, given shifts in

i

supply, when @bi/néi is large. The point is that the model does not require

zero elastic demand to track changes in demand reasonably well. When supply

is highly elastic, so that relative wages do not change greatly; when
shifts in supply ar« dwarfed by shifts in demand; or when the elasticity
of supply is large relative to the elasticity of demand, the fixed

coefficient model will provide valuable information on changes in employment.

The contribution of the model depends, it should be stressed, on the actual
saghi2tade of shifts in demand, changes in wages, and shifts in supply as well as on
the elasticities, so that the model may work well in some periods (i.e., when ﬁi

is large relative to ﬁi) but not in other periods. Only by an empirical analysis

can we judge the usefulness of the model in post-world war II years.

IT Changes in the 1960-1970 Decade

This study examines the applicability of the augmented requirements
model to changes in emplovment in 3 digit occupations in the U.S. from 1960 to

1970. The major dependent variable, the change in employment, Li’ and the

fixed coefficient shift in demand, 61’ were calculated from industrv by
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occupation data provided by the Bureau of Labor Statistics, based on data
from the 1960 and 1970 Censuses of Population.13 The 1960 matrix of
input coefficients (Aij) was used together with actual 1970 induétry
employﬁent levels to predict shifts in demand for occupations. These shifts
were then compared to actual changes in employment as estimated from the
B.L.S. data. With superscripts to reflect the time period,.the level of

employment in 1960 and 1970 by occupation was obtained from

1960 _ 1960 1960
(132) 177 = (ay)) Ny

1970 _ 1970 1970
13p) 1377 = @) Ny

and the predicted level from

(13c) D2!.970 _ (A..)1960 N.1970
i ij j _
)
where Li"éo and L1970 are column vectors of employment by occupation; (Aij) is

an occupation by industry matrix; Nj is a column vector of employment by
industry; and Di is a column vector of tfixed coefficient "demand" for
workers. In the B.L.S. matrix there were 142 industries and 286 occupations.
For empirical analysis the number of occupations was reduced to 254, with
such groups as unpaid family labor, apprentices, student nurses, some

'not elsewhere classified,' and certain other small categories deleted

or amalgamated into others.l4 Changes in actual employment (ii) were

1970 and L1960; the fixed

calculated by taking log differences between L
coefficient shift term was also measured in log form.
The major problem in analyzing the occupational change data is that

between 1960 and 1970 the Census altered greatly its occupational definitions,

expanding the number of categories from 297 (including diverse not elsewhere

classified groups) to 441. To make catepories comparable over time, the occupations

based on 1970 catepories were transformed into occupations based on 1960 definitions

using the U.S. Burcau of the Census' Technical Paper 26 1978 Occupation and Tndustrv -

Classifications in Terms of Their 1960 Occupation and Industry Elements.
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Table 1 of that volume provides data on the percent of persons in each 1970
occupation who would have been in the various 1960 groupings. It was deemed
more fruitful to collapse occupations based on 1970 definitions into occupations
based on 1960 groups than to do the reverse because of the potentially smaller
error in aggregating than in decomposing groups and because of the desire
to preserve the actual 1960 matrix as the critical component of the analysis.
The 1970 industry figures were similarly bridged to 1960 definitions using
Table 2 of Technical Paper 26.

The other variables of the model were obtained from published Census
data as described in the notes for tables 3 and 4 and were similarly
'‘bridged' into 1960 categories using the same procédure from Technical Paper 26.
Changes in wages were approximated by changes in the average of the median
income of male and female workers in an occupation, using the proportion
.in each occupation by sex to form the average. While it would be more
desirable to have changes in mean hourly rates of pay, the published
Census data do not permit calculation of that variable for the two periods.
Shifts in supply were estimated from changes in the distribution of the
total work force by sex and education assuming that workers in a given
sex-education class had (with wageé fixed) the same propensity to choose
a particular occupation in 1970 as in 1960:

(14) §; = rijEj

where Fij = proportion of workers in occupation in 1960 in the jth sex-~
education group

éj= per;entage change in persons in the jth sex—eduéation group.
The sex-education data were also used to calculate the mean years of
schooling of workers in an occupation.

Because of the bridging of the income (and other) Census data needed

to obtain comparable 1960-1970 categories, there is a potentially substantial
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. measurement error for occupations which undergo considerable change. To

obtain a 1970 income for a "1960 occupation”" which was divided into several
groups in 1970, it is necessary to take a weighted average of the incomes in
the 1970 occupations, on the assumption that persons who would have been in the
1960 category are paid the average of persons in the 1970 group. When a 1970
occupation contains several 1960 groups,-this assumption is liable to be

wrong, leading to errors of measurement. As some occupétional definitions are
essentially the same in both years (accounting, for example) while other undergo
sizeable definitional changes (tailors, which in 1970 included what had

been previously termed operatives n.e.c. in 5 industries and laundry

and dry cleaning operatives) in some calculations the sample is restricted to
occupations with relatively small changes in definitions, thereby minimizing

measurement problems.

Patterns of Change and Interrelations

The pattern of change in the major variables of concern is examined
in table 1,which records the standard deviation of the log changes in
employment and in wages among occupations and the standard deviation of
the log changes in calculated shifts in demand and supply. Column 1 gives
the basic standard deviations while column 2 gives "weighted" standard
deviations obtained by weighting the observations by the square root of
the number of workers in 1960. The weighted statistics have the advantage
of minimizing the impact of the often large log changes in small occupations,
where measurement error is likely, and of placing greater impor :nce on
the larger and more significant groupings.

What stands out in lines 1 and 2 in the much greater variation in

changes in emplovment than in changes in income. In unweighted form,
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Table 1: Standard Deviation in Log Changes in Employment, Income,

Shifts in Demand and Supply for 254 3-Digit Occuaptions, 1960-1970

Standard Deviations
Unweighted Weighted by
‘ 1960 Employment

1. Employment .39 .29
2. Wages .13 | .12
3. Demand Shift v .21 .18
4. Supply shift .20 .19

~

Source: Lines 1,3 calculated from U.S. B.L.S. Occupation by Industry
Master tape as described in text. Line 2 calculated from income data
from U.S. Census of Population 1960 Occupational Characteristics,

table 1 and U.S. Census of Populatien 1970, Occupational Characteristics,
table 1. Supply shift in line 4 calculated from U.S. Census of
Population 1960, Occupational Characteristics, table 9 and U.S. Census
of Population 1970 Occupational Characteristics, table 5. Data on 1970
occupations in lines 2 and 4 was bridged from comparability with 1960
occupations, as described in the text, using U.S. Bureau of the Ccnsus
Technical Paper 26, 1970 Occupation and Industrv Classiication Svntems
in terms c¢f their 1960 Occupaticn and Industr: Tiements (.5, J.T.0.,
Jul- 1072). ’




13

O(L) is three times as large as o(ﬁ). Weighted by thesquare root of the number
of workers in 1960, the standard deviation of logAchanges in employment falls
markedly, indicative of the large variance in employment changes among
small occupations, but is still nearly 2 1/2 times the standard deviation
in the log changes of wages. Indicative of the greater variation in
employment than wages in the underlying data, the unweighted average
change in employment in the ten fastest growing occupations from 1960
to 1970 was 1.13 log points compared to an unweigﬁted average change of
-.73 points for the ten slowest while the average change in income in the
ten occupations with the greatest increases in income was .82 log points
compared to an average change of .14 points in the ten occupations with
the smallest increases in income.
The differential pattern of change in employment and imncome constitutes
a major empirical relation for the analysis of this study. 1In the context
of supply and demand, there are three possible explanations for the enormous
variation iﬁ employment among occupations and relatively moderate variation
in incomes. First, demand for labor skills could be highly elastic,
limiting variation in wages, while the supply of workers shifts greatly
over time. This is the high elasticity of substitution interpretation placed
by various analysts on cross-country data on relative incomes and employment
among skill groups.15 A second possfbility is that'shifts in the demand and
supply of labor skil%s are, for unknown reasons, positively correlated, preserving
the wage structure while altering the compositian of jobs. The third possibilitv,

to be termed the dynamic demand/elastic supply hypothesis, is that the supply of

labor is relatively elastic, which limits variation in wages, while the
demand for labor is highly variable, producing substantial changes in
employment. In this case movements along a demand cur&e do not contribute

greatly to changes in employment not because substitution among labor



skills is limited but because wage variation is moderate due to elastic
labor supply schedules.

The sgandard deviations of the calculated demand and supply shift
terms in lines 3 and 4 cast 1light on potential explamations of changes in
employment. They show that changes in the industry mix and in the sex and
education mix of the work force produced sizeable and comparable
dispersions in the shifts of supply and demand among occupations, which
implies a potential role for both forces in the observed differential
growth of occupations. More formally, since by reduced form equation
(12) ii should be a weighted average of bi and éi’ the variances in lines
3 and 4 can also be fruitfully compared to the variance in line 1. If
the demand and supply shift terms caught all of the changes in employment, then

21 2.2, - .
(15) o7y = wod) + (1-w)%0?(5) + 2W(1-W)RT (D)0 (S)

where W= ¢/(¢ + ) < 1 and R is ‘the correlation between D and S.
Given the values of O(b) and 0(8) in the table and a correlation coefficient
of 0.43 between D and é, the greatest possible variance on the right hand
side occurs when W is about one-half. With this value(l5) yields a standard deviation
of .17, much below the observed value of .29.16 The implication is that
the changes in employment due to unmeasured shifts in supply or demand
are also quite important. °
Table 2 turns from the pattern of variation in the major variables of
concern to the univariate link between the driving force of the augmented
requirements model, the fixed coefficient shift in demand, and actual changes

in employment in the 254 occupation sample. If D, and Li are closely

i

connected in the simple statistics presented in the table, there is some
plausibility to the fixed coefficient approach; if not, we should abandon the
exercise at this point. Line 1 records the correlation coefficient between

Di and ii while line 2 gives the correlation between the variables, with
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the observations by the square root of employmént in 1960 in each occupation.
The weighted correlation gives greater weight to the larger occupations

and less to smaller occupations which, as noted, often evince sizeable

log changes in employment. Line 3 records the number of cases in which the
predicted change in the share of employment in occupation i has the same
sign as the actual change in the share. It is a non-parametric statistic
that allows differences in demand or supply elasticities among occupations
to create differences in the impact of ﬁi on ii but which requires that
shifts in demand dominate market outcomes in the sense of producing changes

in employment in the /same direction as the changes in demand.

The statistics show that the fixed coefficient component of the change
in demand does a reasonably good job of tracking employment. Despite the

large variation in Ly due to the changes in small occupations, the.

correlation coefficient in line 1 is 0.50. With observations weighted by
the square root of the number of workers in 1960, the correlation rises to
0.66, so that 44% of the total variaticn in Li can be attributed to Di'

In 70% of the cases the direction of change is correctly predicted, a

result that is highly significant by the sign test.l6

IT1 The Augmented Requirements Model

The finding in table 2 of a reasonably close link between the
fixed coefficient shift in demand and changes in employment suggests
the value of a more detailed investigation of the augmented
requirements model. To what extent can the explanation of changes in
employment be improved by taking account of supply side developments and
movements along demand schedules? In the cross-occupation data treated
by the reaairements model is there a sizeable or miniscule response of

demand to wage changes? What types of supply and demand schedules and
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Table 2 Univariate Relations Between Fixed Coefficient Shifts in

Demand and Actual Employment Changes, 3 Digit Occupations 1960-1970

1. Correlation Coefficient (unweighted) .50

L, and D, |
2. Correlation Coefficient (weighted) .66

ii and 61 |
3. Number of cases in which A%; and Ady 177/254

have the same sign/total cases

Source: Calculated from 254 occupation sample.
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shifts account for the differential variation of changes in employment
and in wages by detailed occupation?

As a first step toward answering these questions, the reduced form
employment equation (12) was estimated for several samples of 3 digit
occupations. The dependent variable in the regressions is the log change
of employment in three digit occupations. The independent variables are:
the predicted log change from the fixed coefficient model; the predicted
shift in supply; and the log of lagged number of workers in occupation. The
calculations were done using ordinary least squares and weighted least
squares, with weights based on the square root of the number of workers in
an occupation in 1960. Because of the potential heteroskedasticity of log'
changes in employment in small, often ill-defined occupations,;8 which may
be in part due to the fact that the data are based on a 5% sample of the
Cengus rather than a complete count, the weighted regressions are more
desirable and will be given greater stress in evaluating results. 1In
no case do results hinge critically on whether the regressions are weighted
or not.

The results, summarized in table 3, show that the demand and supply
shift terms have a substantive positive effect on»employment, with the
coeficient on the former always larger than that on the latter, though
by an amount that differs depending on the weighting and sample. In
line 1, which treats the complete 254 occupations in unweighted regressions,
a log change in D changes employment by nearly twice as much as a log
change in S. In line 2, where weighted regressions are used, the
impact of the demand shift term rises while that of the supply shift term
falls, with a resultant differential of nearly 5 to 1. The overall

explanatory power of the model is considerably higher and the standard
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Table 3: Estimates of the Effect of Demand and Supply Shifts

on Changes in Employment, 1960-—19701

sample ‘weighted constant Regression Coefficients and Standard E
regression > : _ 2
- Dy 81 L (1) R™
A no .05 .71 .44 .02 .29
(.12) (.13) (.02)
A ’ yes .60 .88 .14 -.05 .49
(.09) (.09) (.01)
B yes .49 .79 .31 -.04 .49
(.10) (.10) (.01)
C ' yes .51 .79 .31 -.04 .49
' (.10) (.10) (.01)

1The dependent. variable is the log change in employment.

parentheses are standard errors.

2Weighted refers to whether or not the observations were weighted by

the square root of the number of workers in 1960.

3The samples are defined as follows:

A = 254 occupations , complete sample
B = 231 occupations, all not elsewhere classified (nec) occupation deleted
C = 215 occupations, all occupations with "bad bridge" and all nec's deleted

Numbers in

rrors of Estimate

SEE
.346

.208

.246

.245
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error of estimate for the equation considerably lower in the weighted

than in the unweighted regressions, presumably because the former attach

less importance to the randoﬁ variatioq in the log changes of employment

in occupations with relatively few workers. Lines 3 and 4 report the

results of experiments with smaller more narrowly defiﬁéd groupings.

Line 3 omits all 'not elsewhere classified' occupations. This raises the
coefficient on éi and lowers that on 61 but still leaves a sizeable differential
sizeable differential impact of 2 1/2 to 1. Line 4 deletes additional occupations
for which the bridging=of 1970 categories into 1960 categories seemed worst,

with roughly comparable results. In these cases, moreover, the differences

between weighted and unweighted (noct reported in the table) regressions were much

smaller, supporting the interpretation of the marked differential in the complete
sample as being largely due to changes in ill-defined or badly measured groups..
According to equation (12) the coefficients on ﬁ to é reflect the elas~
ticities of demand and supply. If the shift variables are reasonably good
measures of horizontal changes, their regression coefficients will sum to
unity and the ratio of the ﬁ to S coefficients reflect‘the elasticity of
supply relative to demand. The sum is close to unity in lines 2-4 but exceeds
it somewhat in the unweighted regression of line 1. The ratio of coefficients
is always above one, by amounts ranging from 1.7 to 6.3, which implies that
supply is more elastic than demand. Taking the restricted sample results as
providing the "best" estimates of the key parameters, supply is estimated to

be 2.5 times as elastic as demand.

" Shares of Employment

Because requirements forecasts often focus on the share of workers
in various occupations, it is of some value to cxamine t' e relaticn eorween
changes in the share of employment in occupations predicted by the fixed

coefficient model and actual changes in the share of employment in occupations.
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There are two basic ways to analyze changes in shares. First, information
theoretic concepts, which treat predicted or actual proportions, can be
used to calculate the "nits" of information given by the demand shift
model. In terms of information theory (see Theil for a detailed discussion)

the inaccuracy of the fixed coefficient predictions can be measured by

(16) 1, = ili log(2,/d,)

where li share of workers in occupation i in 1970

d

1 share of workers in occupation i in 1970 predicted by the

requirements model. (Di divided by total employment in 1970).

This measure reflects the inaccuracy of the predictions in terms of
the deviation of the true (posterior) proportion (21) from the predicted
~rior) pror~crtien (di). When all predicted ~ronrortions arc exactly corrrct:
(di = li), no new information is conveyed by actual developments and I1 = 0.
When'predicted proportions are not correct (di # li for. some i), Il takes on
a ﬁegative value, indicating that the predicted proportions do not explain
fully actual proportions. In the data set under study, I1 = ~,00010, which

means that there is only a relatively small average error in using
di to predict li.

A stronger test of the information content of the requirements shift
is to compare the inaccuracy of predictions based on the di with the
inaccuracy of an alternative predictor. A reasonable alternative is the 1960
share of workers in an occupation (li(—l)) which is the appropriate share
under the ''null hypothesis'" that proportions do not change. In this

case we obtain:

a17) I, = ?Qi 1og[li(-l)/di] = I1 - Eli log [21/21(—1)]

which will be negative when the di are closer to the actual li than are
the £,(-1) and positive when the di are further from li than are the li(—l).

In the 254 occupation sample 12 takes on the value of -.0007. The
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negative value shows that di does & much better job in predicting li
than does the lagged share: the average error with the di prediction
is .00017 points (= -.00010 - .00007) lower than the error that would
result from the prediction of no change.

A sccond way to analrze tiie Sink between —~redicted and actual changes
in shares is to perform a regression analysis similar to that in table 2,
with figures written as cﬂanges in shares rather than as log changes.
Let Ali = li—li(—l), the change in the share of employment in occupation i
from 1960 to 1970; Adi =vdi-2i(-l),the predicted change in the share of
employment in occupation i from the requirements model; li(—l) = the share of
employment in 6ccupation i in 1960. Regression of Aﬂi on Adi and 2;(—1)

for the entire 254 occupation sample yielded the following equation:

(18) 42, = .035 + .85 4d, - .09 2.( ) R% = .610
(.009) (.06) (.01) SEE = .134
This equation shows that Ad; does an extremely good job of explaining Ali,
both in terms of the R2 and the standard error, which is only a bit more
than one-tenth of a percentage point. Addition of the predicted change
in the share of workers supplying services to occupation i based on
equation (14) gave an insignificant negative coefficient to the change in

supply variable, indicating that with the change in share functional form

demand effects are the driving force of employment changes.

The Demand Equation

Direct estimates of the augmented requirements equation are given in
table 4 using both unweighted and weighted regressions. Lines 1-3
record ordinary least squares estimates of the effect of shifts in demand
and of changes in wages on emplovment in the entire sample and in the

restricted sample which excludes all not elsewhere classified groups.
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Lines 3-6 gives instrumental variable estimates, in part to correct for
simultaneity in the determination of changes in incomes and in part for
likely measurement in the wage change variable. The OLS calculations
provide a base for evaluating the IV results and may, because Census
income figures relate to the previous year, be sufficiently free of
simultaneous bias to provide a useful estimate of ;he elasticity of
demand itself. The instruments (in addition to those in the equation)
are listed in the table notes. Both the OLS and IV regressions accord a

significant and sizeable negative coefficient to the change in income,

which supports the basic notion that the fixed coefficient analysis can
be improved upon by taking account of movements along the demand curve.
In the OLS calculations, the elasticity estimates range from -.42 (line

2, full sample, weighted) to -.61 (line 3, restricted sample, weighted)

The demand shift term obtains a coefficient close to unity in lines 1

and 2,suggesting that it does reflect horizontal shifts, but a smaller
coefficient in line 3. 1In the IV calculations, the unweighted regressions

in line 4 essentially replicate the OLS results in line 1. The weighted
regressions in lines 4 and 5, however, differ noticeably from the comparable

OLS regressions: the coefficient on W rises, as expected, while that on D
declines. The estimated elasticity of demand goes from = .42 to ~.81 in the full

sample and from -.61 to -.91 in the restricted sample. The drop in the coefficient

on D is anomalous for it means that D is negatively rather than positivelw
correlated with W in the instrumental equation, a result which might be
attributed to the greater impact of measurement errors than of simultaneous
errors in the data and/or to the possible positive correlation between unmeasured
shifts in supply and the measured shift in demand.19 Even with this problem,
however, the results show that the augmented demand model offers a better

representation of demand than the standard fixed coefficient model.
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Table 4 Estimates of the Augmented Requirements Demand Equation

3 Digif Occupations, 1960-19701

Coefficients and Standard Errors

. . 2
line sample2 estimating weighted constant D 1% R SEE
technique regression
1 A OLS no .30 .93 -.57 .29 .337
' (.10) (.16)

2 A 0LS yes .18 .91 -.42 .46 .214
(.08) (.13)

3 C 0LS yes .35 .83 -.61 .50 .242
(.09) (.14)

4 A v 1o .29 .93 -.57 .29 .225
(.10) (.45) '

3 :

5 A Iv yes .25 .88 -.55 .45 .215
(.10) (.25

6 C IV3 yes .52 .72 -.91 .49 <245

(.11) (.23)

1The dependent variable is the log change in employment. Numbers in parentheses

are standard errors.

Al
“Samples, sce table 3, footnote 3.

3The instruments were: the shift in supply (Si)’ mean years of education in occupation

in 1960, pecrcent female, income in 1960, changes in the income of workers with the
same education and sex profile as those in the occupation. To obtain this fisure
for 1960 and 1970 I calculated EJ::Y_EWi where Yi = proportion of workers in occupation

i in a speciiied eaucation and sex group in 1960 and Wi = income of persons in that

education and sex group in 1960 or in 1970 and then took log changes between-the
values for 1970 and 1960.

Source: Change in employment; shift in supplv/shift in demand, change in incomes

see table 1; mean vears of education, calculated from U.S. Census of Population 1960
Occupational Characteristics, table 9; percent female, calculated from U.S. Census

of Population 1900, 9Qccupational Characteristics, table 2; income of education groups
in 1960 from U.S. Census of Population 1960 Fducational Attainment, tables 6, 7;

income of education group in 1970 from U.S. Census of Population 1970, Educational
Attaimment, tables 7, 8. :




24

Further Analysis

The analysis of ingeractions in equation (10) of section I
raised the possibility that the effects of D and W on employment would
be interrelated. To test for the possibiliy of such an interaction, I
added the multiplicand of D and ﬁ to the demand equations of table 4. When
the elasticities of demand for an occupation are the same among industries,
DW is the appropriate interaction term and will obtain a negative coefficient
equal in magnitude to the product of the coefficient on D and the coefficient
on ﬁ. In all of the regressions, DW entered with the expected negative

sign, obtaining an especially significant effect in the OLS weighted

regressions in the complete sample:

(19) 1= .13 - .37 + 1.38D - .85DW R = .462
(.13) (.28) (.49
' SEE = .213

where numbers in parentheses are standard errors. The negative interaction
shows that, as expected, changes in wages have a greater effect on employment
when demand is shifting upward. Moreover, the coefficient on ﬁﬁ is only
moderately different from the product of those on ﬁ'and D. This is
consistent with the finite expansion term in ecuation 717), niven
similar within-industry elasticities of demand for occupations. As the
interactions could be due to other factors which might lead to interactive
functional forms, no strong conclusions shoruld be drawn from the results,
especially in light of the measurement error problems. What (19) does

suggest is the value of more detailed analysis of interaction effects in

analysis of decadal changes, due to the finite change formulae.

IV The Differential Variation of Fmployment and Wage Changes

The final issue to consider is the potential causes of the strikingly

greater variation of changes in employment than of changes in incomes presented
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in table 1. On the basis of the estimates of the augmented requirements

model, which of the three hypotheses outlined earlier--shifts in supply

along a stable highly elastic demand curve; correlated shifts in supply and
demand; or shifts in demand along an elastic supply shedule (the dynamic
demand/elastic supply hypothesis)--appear best able to account for the

observed pattern?

While not definitive, the estimated equations tend to favor the

dynamic demand/elastic supply hypothesis and to rule out an explanation

based on shifts in supply along a highly elastic demand curve. First, as

noted, the reduced form calculations in table 3 yielded coefficients on the

demand shift variable considerab;y larger than the coefficients on the supply
shift variables. According to equation (12) this implies that the supply

of labor to occupations is more elastic than is the demand for labor. Second,

the demand elasticities in table 4, though non-negligible, are much

below the magnitudes needed to sustain the argument that demand for

detailed skills is highly elastic.

Another way to judge the hypotheses is to use the estimated coefficients

on D and S and the variation of the variables in the data to calculate standardized
Beta weights f;r D and é.20 These weights measure the effect of a standerd
deviation change in D and S on a standard deviation change in employment.

If demand shifts are the predominant force altering employmént among occupations,
the Beta weight for D should exceed that for S. Using the regression coéfficients
of table 3 to obtain estimated coefficients and the relevant standard deviations
in D and in § in the samples yields the following Beta weights: for line 1 of
- table 4, 1.32 for D versus ,86 for é; for line 2 of tabie 3, 1.42 for D versus .21
for é; for lines 3 and 4, .82 for ﬁ versus .48 for é. Thus, in each case,

the Beta weightsfor the demand shift factor exceed the Beta weights for

the supply shift factbr, implying that demand factors dominate the

observed patterns of change. This does not mean, however, that supply
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shifts were unimportant nor that correlated shifts in demand and supply may
not have contributed to the observed pattern. TIn all of the calculations
the Beta weight on S was non-negligible. The shift terms in the two
schedules were correlated at .43. Because the supply shift term treats
the educational upgrading of the work force and increased labor
participation of women as exogenous, however, it probably overstates the
"true' exogenous.shifts in supply and progably overstates the correlation
between supply and demand shifts in the period. To some extent at least,
the upgrading of the education of the work force and increased participation
of women are likely to represent endogenous behavior. These considerations
strengthen the case for the dynamic demand/elastic supply interpretation.
The plausibility of the dynamic demand/ela;tic supply hypothesis can
be probed further by examining one particular component of supply, the
occupational mobility of the work force, on which the Bureau of Labor
Statistics has recently provided considerable information. Mobility of
of workers from one occupation to another is, accoraing to the Bureau of
Labor Statistics' study, a major element in changes in employment by
occupation: from 1965 to 1970 the B.L.S. estimates that nearly one-third
of workers reporting in the 1970 Census of Population transferred from one

three-digit occupation to another while less than one-half remained in the

same occupation.21 If this substantial volume of occupational movement
is related to economic incentives, an important component of the dynamic
demand/elastic hypothesis will be established. If the movement is un-
related to economic incentives, it will be difficult to maintain the
hypothesis that the large change in employment relativeAto the change in incomes
is, at least in part, the resultant of shifts in demand along reasonablv
elastic supply curves.
To test the responsiveness of occupational mobility to market conditioms,

I "bridged" the B.L.S. estimates of the percentage of workers in each three digit
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occupation transferring to a different occupation (SWITCH) or remaining

in the same occupation (STAY) from 1965 to 1970 to be

comparable to the 1960 occupational categories used in this study. The

two variables were then regressed on two indicators of economic incentives,
the level of incomes in the occupation in 1960 and the change in income froﬁ
1960 to 1970; on the percentage of the occupation in 1960 who were women, on
the hypothesis that women are less likely to be occupationally mobile than
men; and on the percentage of workers aged 30 or below in 1960 and the
percentage aged 45 or over in 1960, on the hypothesis that young workers

are likely to be highly mobile across occupations and older workers

likely to be less mobile. Persons aged 30 or below would be léss than

35 years of age in 1965 while those 45 or over would be 50 years or older

in 1965. Two functional forms were used in the analysis: a log-log
equation in which the log of the relevant percentage was the dependent
v;riable; and a logit regression in which the log odds.ratio of the variable
was dependent. In the former case, the coefficients on the log of income or
on changes in log income represent the supply elasticities with respect to
the given occupation's income veréus income of all other occupations. In
the latter, the coefficients represent the logistic curve parameters of the
effect of the variables. The coefficients must be multiplied by 1-P,

where P is the mean proportion who switched or stayed,to obtain elasticities
at the mean. Formally, the log-odds equation is

(20) 1log P/1-P = IB X,

where P = percentage in the category
Bi= coefficient of effect in logit form
Xi= explanatory wvariable

and

(21) dP/’dXi = P(l—?)Bi



Table 5: Estimates of the Effect of Income on

Occupational Mobility Patterns 1965-19701

line dependent variable2 constant ﬁi Wi(60) % under 30 % over 45 7 female R2 SEFE,

1 log (SWITCH) 5.27 -.74 -.25 1.50 .02 -.40 .52 .236
(.18) (.05) (.21) (.14) (.06)

2 logit (SWITCH) 1.68 -1.01 -.33 2.00 .01 -.54 .55 .297
(.23) (.07) (.27) (.18) (.08)

3 log(STAY) 1.47 .46 .30 -.72 -.05 .05 .69 .127
(.09) (.03) (.10) (.06) (.03)

4 logit (STAY) -5.08 .88 .63 -1.34 -.11 .06 .68 .263
(.18) (.05) (.21) (.12) (.07) :

1Numbers in parentheses are standard errors of estimate. The variables are defined as: SWITCH = % who
transferred from the occupation, 1965-1970; STAY = % who remain in the occupation, 1965-1970; W, = log
change 1in ineome, 1960-1970; wi(eo) = log of incomecin 1960; % under 30 = % 30 years old or younger in 1960;
% over 45 = 7% 45 years old or older in 1960; 7% female = 7% female in 1960.

~

Llogit = log odds ratio of the variable.

Source: Occupational Mobility data from D. Sommers and A. Eck, "Occupational Mobility in the American
Labor Force," Monthly Labor Review Jan. 1977, table 5. Age distributions from U.S. Bureau of
the Census, Occupational Characteristics 1960, table 4, calculated by taking the ratio of male
and female workers in the given age group to all male and female workers in the occupation. Other
data as described in tables 3 and 4.

8¢
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The analysis treats both the percentage switching and the percentage
staying in 6ccupations because the two variables are not complements. They
differ by the percentage of workers who left‘the labor force or died. Because
the B.L.S. reported no figures in cases where the standard error on the
proportion exceeded 10 percent, moreover, the two variables are ayailable
for different numbers of occupations. In the samples under study there were
184 occupations with data for STAY and 158 occupations with data for SWITCH.

The regression results are summarized in table 5. What stands out
in tAe table is the substantial and significant effect of the income variables
on occupational mobility, with changes in income and levels of income reducing
the proportion of workers who transfer out of occupations and increasing the
proportion of workers who remain in the same occupation over time. 1In liné 1
the percentage of switchers has an elasticity with respect to changes in incomes
of 0.7 and an elasticity with respect to the level of income of .3. The logit
regfessions in line 2 yield different coefficients but-imply similar
elagicities (-1.01 and ~0.33) at the mean value of SWITCH (.24). 1In lines
3 and 4 the proportion who remain in an occupation has a somewhat smaller
but still marked elasticity, again of comparable magnitude at the mean
percentage (.55) in the two forms. In all the calculations, the higher
the percentage of females, the less likely is occupational mobiliiy, while

the higher the percentage of workers less than 30, the greater is mobility.

Since responsiveness to market conditions is likely to be greater
among new entrants (who have not yet invested heavily in occupations)
the estimates in the table provide lower bounds on the extent of flexibilityv
of the work force.22 While more detailed analysis of occupational mobility
patterns, which takes into account incomes in fields to which persons
move as well as incomes in their 1965 occupations, is surely needed, the
overall impression is that occupational mobility patterns are sufficiently

{
sizeable and responsive to be consistent with the dynamic demand/elastic
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supply hypothesis.

IV Conclusion

This study has examinea the applicability of the fixed coefficient
manpower requirementé model to changes in employment in detailed occupations
in the U.S. from 1960 to 1970 and explored thé possibility of improving
the model by taking account of factor substitution at an aggregate
occupational level. The principal findings can be summarized briefly:

1) The fixed coefficient manpower requirements model can be treated

as a model of shifts in demand for labor in the context of a more general

augmented requirements demand model, in which movements along demand schedules
due to changes in incomes as well as shifts in demand are treated as
determinants of changes in emnlc:ment.

2) By itself the fixed coefficient shift term provides a good fix
on changes in employment, accounting for about 60% of changes in the share
of the work force in occupations and 447% of changes in the log of employment,

weighted by the size of occupations.

3) Allowing for movements along the demand curves induced by iigame

variation tends to improve the analysis noticeably. Direct estimates of

the elasticity of demand for occupational skills clearly rejects the
hypothesis of fixed or economically unresponsive manpower coefficients.
Estimated (average) elasticities of demand with respect to incomes are on
the order of -.4 to ~.9. 1In addition, there is indication of interactions
between change in incomeand shifts in demand, which result from the finite
change formulae.

4) The variation in changes in employment among occupations exceeds
the variation in changes in incomes. There are three possible explanations
of this phenomenon: movements of highly variable supply schedules aloné

elastic demand curves; correlated shifts in supply and demand; or movements
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of a highly variable demand schedule along elastic supply scﬁedules, which
we have termed the dynamic demand/elastic supply hypothesis. The evidence
suggests that the dynamic demand/elastic sﬁpply hypothesis explains at:
least part of the .observed difference in variation. Shifts in demand
for detailed occupational skills appear to have contributed more to changes
in employment than shifts in supply. The demand for labor in three
digit occupations appears to have a moderate elasticity. High significant
occupational mobility seems to make the supply of labor relatively
elastic to three digit occupations.

5) Since even the best fitting equations leave considerable standard
errors of estimate, the fixed coefficient model must be used cautiously
in projections and policy analysis.

Because of the great difficulties with changing Census definitioné,

some of these results may be altered given better data. The findings are,

however, generally similar to those obtained in a comparable analysis of
the 1950-1960 period,23 when occupational definitions did not undergo

great change, and given the usual effect of measurement errors are, if
anything, likely to be streﬁgthened bybetter data sets. Overall, the
evidence supports the use of the fixed coefficient model in demand analysis
but indicates that the model can be improved by taking account of factor
substitution,even in a highly aggregate manner. Further work to bridge

the traditional dichotomy between the fixed coefficient and factor

methodologies should improve our understanding of and ability to

forecast changes in the distribution of ~worikers a~or~ detalled cccunations,
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Footnotes

lSee U.S. Department of Labor, Bureau of Labor Statistics, Occupational

Employment Patterns for 1960 and 1975 (Bulletin 1599). O.E.C.D.

Mediterranean Regional Project Country Reports, Creece, Turkey, Italy.
For a detailed discussion of the G.E.C.D. model see J. Tinbergen and

H. Bos, Econometric Models of Education, Some Applications (Paris:

0.E.C.D., 1965). U.S. National Science Foundation, Long Range Demand for

Scientific and Technical Personnel.

R. Freeman and D. Breneman, Forecasting the Ph.D. Labor Market (National

Board of Graduate Education, Technical Report No. 2, April 1974).
M. Blaug, "An Economic Interpretation of the Private Demand for Education,”

Economica, May 1966.
31n this paper I use words of projection and forecast interchangeably.

In a gemeral production function, which permits different elasticities of
substitution among different labor inputs, the number of Allen elasticities
is ( ;) where i = number of inputs. The technology is such that with
available data points, it is virtually impossible to estimate factor

demand relations for more than 5 inputs (10 elasticities).

Since one form of economy wide substitution is to shift employment among
sectors with different skill mixes, the methodology does not, in fact,
necessarily involve more rigidity than standard demand models which focus
on factor prices. A very detailed fixed coefficient model in which
industry scale depended on wages through the effect of wages on cost and
'cost on price could predict greater changes in employment than would
occur via factor substitution, industry mix fixed. However, existing

models do not take industry scale as dependent on wages.
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6. small iatecraction eflect is likely ziven nctval changes “n the data.

With changes in wages of say 20% (relative to the average change) and
\chaﬁges in input coefficients of, say, a similar magnitude, the interaction
term would be just .04. The actual standard deviations in N, and ﬁi

shown in table 1 suggest that unless nij is very large, or Nj and ﬁi

are extraordinarily correlated, interactions should have only a modest

effect on results.

7Essentially the interaction term is being equated with the residual in
equation (5).

8 ,
Note, however, that n, is on average a "reduced form" elasticity rather

than the more fundamental elasticity of demand for the occupation with

an industry.

An alternative way of going from equation (5) to egquation (5') is to
assume that the elasticity of demand for occupations varies randomly
around a mean in the context of a random ccefficients model. 1In this

. 2 .
case let ni =n+ si where si has mean 0, va-iance ¢~ and where E(Wi =€) =

E(s.ﬁ.)

P4 0. The resultant equation to be estimated becomes

Li = Di - nwi + Ui + ZiWi
Least squares procvides a consistent estimate of n since E(Zin) = 0 but will
not be efficient. No effort was made in this paper to use generalized

least squares to obtain more efficient estimates.

For some purposcs it may be fru’tful to decommosce shifts in the acliedule
into three components: shifts due to the normal inflow of workers into the
occupation; shifts due to special inflows resulting from>changés in the
demographic mix of the work force; shifts due to abnormally high wages or

rates of return to investing in the field.



34

1.'I‘his equation is essentially a stock adjustment equation in which éi + ¢Qi
represents new "investment" and "kLi(-l) is the aepreciation of the stock.
The stock of labor reaches an equilibrium, with fixed wages, when éi =
AL;(-1), where éi i1s viewed as the normal inflow of workers into

the occupation.

12The solution to the model with supply equation (11') is similar. It

includes the lagged number of workers in addition to Di and Sy

13The éureau of Labor Statistics modified the Census data in several ways.

First they dropped "allocated" and '"not specified" groups, distributing
those workers proportionately by industry or occupation. Second, they
adjusted the Census data for seasonality (due to the fact that the

Census is conducted in the spring), by altering totals to be on a comparable
basis to the Employment and Earnings annual averages. Third, certain cells
were adjusted so that row and column sums added up.

17 N
1""I‘he following categories (with 1960 Census occupation codes in parentheses)

were deleted from all computations as not representing the type of
occupations of concern to a requirements forecast: all apprentices (601-621);
unpaid family farm workers (903); bootblacks (820); newsboys (390); and

student nurses (151). 1In addition, two not elsewhere classified (n.e.c.)

categories were deleted, entertainers n.e.c. (101): and professional,

technical n.e.c. (195) as being cleé} outliers due to bridging problems.
The following categories were grouped: registered nurses (150)

and practical nurses (842); farm managers (222) and farm owners and

tenéngs (2009; religious workers (170) and clergymen (23); stenographers

(345) and secretaries (342) as representing similar functional categories,

differentiation among whow is not possible in the fixed coefficient model.

Telesraph coperators (351), which were included in the B..L.S. tape but
for whom no figures are published in the Census, were grouped with

messenger and office boys (324)
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ls’rhe high elasticity interpretation has been offered by S. Bowles,

‘

Planning Educational Systems for Economic Growth (Cambridge, Mass, 1969)

and supported by G. Psacharopoulos and K. Hinchliffe "Further Evidence
on the Elasticity of Substitution Among Different Types of Educated

Labor" Journal of Political Economy 80 (July/Aug. 1972); pp. 786-92 and

C. R. S. Doughtery, "Estimates of Labor Aggregation Functions" JPE
80 (Nov./Dec. 1972): 1101-19.

More recent work, however, tends to find elasticities that reject
this hypothesis and explanation. See J. Tinbergen "Substitution of
Graduate By Other Laborers" Kyklos 27 (1974) 1-18 and P. R. Layard and
P. Fallon, "Capital-Skill Complementarity, Income Distribution, and Output‘
Accounting" JPE (Vol. 83, No. 2, April 1975) pp. 279-302,

le"With these parameter values, the right hand side is roughly

2 2 2 2
WS+ (1-w)T] G2)T + 2W(I-W (LY (L2,
When W = 1/2, this becomes 1/2(.04) + 1.4(.04) = .03 whose square root

is .17.

l7w1th this number of observations the sign test that over half of the cases

have teen correctly specified can be approximated by the statistic

Z= (X- 1/2 N) (1/2¥N), where Z is N(O, 1.2+/K) and N = number of
observations; X = number of correct cases. The fixed coefficient
predictions yield a Z of 6.27, significant at all standard levels. See

S. Siegal, Nonparametric Statistics for the Behavioral Sciences (McGraw-Hill,

1936) pp. 68-78.

lsFofmally, the assumption which justifies the weighted regression is that the
. 2 2 ,
residual in the equation has mean O but variance O, = O /Li(—l) where Li(—l) is
employment in the base year. With this variance, the appropriate weighted least

squares model calls for weighting all observations by‘JLi. " An alternative
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2 2 2
possible model is to let o, = 0y + GZ/Li(—l) which makes the variance depend on

2
one component common to all occupations (GI) and one that depends on the size

2
of the occupation [cq/Li(-l)]. A model of this type is intermediate between

the unweighted and weighted regressions in the text.

191f supply shifits are imperfectly measured and correlated with demand shifts,

the coefficient on D in the instrument equation would be negative. Since
the supply shift term assumes that this increased educational attainment
of workers and greater share of female workers is exogemnus, there is good

reason to believe that it is prone to measurement error. Problems with the

supply shift term may also cause the instrumental variable estimate of

the elasticity of demand to be biased downward.

2 ~
“OSpecifically, when b is the regression coefficient ¢f y on x, then the

Beta weight is g(cy/cy) where o, and Gx are the standard deviations of the
dependent and independent variables, respectively.

21D. Summers and A. Eck, "Occupational Mobility in the American Labor Force,"

Monthly Labor Review, Jan. 1977, pp. 3-26.

2Attempts to estimate a supply equation based on the changes in employment
figures used in the demand equations of this study yielded weak

or perverse results on changes in incomes, presumably due to identification
problems and the mixture of age, education, and sex groups with very

different elasticities of response. This suggests the need to decompose
carefully the various components of supply: the supply of new. entrants:

the occupational mobility of existing workers; and to distinguish between
various demographic groups of workers and, where possible, various occupations.
as well;

2 . . . ,
3R. Freeman, "Manpower Requirements and Substitution Analysis of Labor

Skills: A Synthesis,"” in Reserch in Labor Ecconomics (ed. R. Ehrenberg,

Johnson Publishers, 1977).
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