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ABSTRACT

In the present paper, both cross-section and time-series
data are used to estimate aggregation functions for labour.
Two separate classifications of labour are used, one defining
categories by occupation, the other defining them by
educational level. The elasticities of substitution are
estimated for both occupational classifications from cross-
section data for the states of the U.S.

Results of the tests run indicate that, for the purpose
of estimating total growth in output due to labour, a
time-dependent CES production with a fine classification
of labour should yield the most accurate predictions,
providing that the shift parameters can be estimated.

For educational planners, the most obvious implication
of these results is that the manpower requirements approach
should be abandoned. 1In fact, rate of return analysis with
constant relative wage rates, implying an infinite elasticity
of substitution, would be a better tool for planning, at

least in the short run.
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ESTIMATES OF LABOUR AGGREGATIOMN FUNCLL10NS

The progressive sophistication of the theory of production has inevitably
gencrated dissatisfaction with the treatment of labour as a homogeneous input
and has stimulated attempts to disaggregate it. Al the sume tine the surpge of
interest in educational planning has contributed an additional powverful inmpetus
to research in this field through the neced to improve understanding of the .nter—

relationships hetween education, productivity, and the structure of the lubour

force.

All studies of Inbour disaggregation automaticully belong to one or the
other of two generul approaches according to their use of the criteria chusen
for identifying different types of labour. 1n one aupproach the criteria are
used to classify the lahour force into a number ol mutuully exclusive co.togories
which are thern trecated as separate ard independent tucters of productiuvn., Ir

the sccord, the criteria themselves are quantitied and treated us factors of

producticn.

The first approach, which has almost invariably empleyed either occunntion
or, in an ordinul sense, vears of schooling, as u bisis {or classirication, bns
been developed with nost enthusiasm by educational planiers i an ediory Lo
relnte the srowth ol an ceconony in a tangible ard urcomniicated way Lo Lue

derived dewands imposed on e educational system. The second approncih, which
has usually employed wage—-weighted medasures of skill or education as criteria,
embraces the construction of indexes of labour efficiency and the iiicory of

human capital, and has peen used primarily for the purpose ot accceaiiting for

growth.

So little empirical work on anggregute production furnctions has heer fdone
with cither approach that it would be premature Lo speculate which 1s wore

gatisfactory or promising. The only research Lo date using the sccond approach

» ] am indebted to Yoram den—Porath, 4vi Griliches, Richard Luyard, ticorge
psacharopoulos and Adrian Wood for helpful criticism and suggestions,



has been a series of studies by Griliches,l who has estimated Cobb-Douglas
funciions for the agricultural and manufacturing sectors of the United Stutes
with a lahour quality index, usually based on education, as an argument of the

function in addition to labour and capital.

Within the first approach, Leontief input-output anulysis gained widespread
and, on the whole, uncritical acceptance when Parnes (1962) userd it as the bhasis
for the manpower requirements approach to the planning of education, and until
recently it has not suffered serious challenge in spite of the fact that no
evidance has ever been produced to support the assumptions iwmplicit in this
specification of the production function. The most important assumption, of
course, is that the elasticity of substitution between different tvpes of lahonr
is equal to zero., 1t is natural to question whether this is in fict the case
and to hypothesize that thie wore reneral constant elasticity of substitntion

(CES) function might be more realistic.

A pioneering step towards testing this hypothesis has been talen by Bowles
(1969)., Classifying labour into three catepories (persons with less vioan ei i,
eight to eleven, and more thun eleven, yeurs ot schoolins), he uses eroalovmedt
and wage data from twelve countries to derive estimate- of the olasticity of
substitution between each pair of categories., The elasticity between the hivher
two categeries was not significantly different from irfivity, and heice they
conld he agerecated linearly into a single category. [lowles ostlicted i
elasticity betweer Lhis and the resaining category to he eigzhit, e e cotl -
structed an ageregation furction for the orivinal three cateceries o1 U lops
of a two-level CES function,

‘

In the experiments described in this paper, which foionss Lo e lipst
approach, Bowles!' technigues were developed for the purpose ol corstructins
more detailed agpregetion turetions, Two separate classilicutions of labour
were uscd, one detining categories by occupntion, the other defin.io then by
educational level. For hoth classifications emplovment and va.e “ia for
American statles were used to estimatle pairwise clasticities of s~ubstitatiorn

between the categorices, and hence the paratieters of multilevel CES turctions

1 Notably Griliches (1963) und Griliches (1967). VFor a summary of ihe whol
series see Griliches (1970).


http:perso.is

were estinnted. Needless tu say, there arise & number of theoretical issues in
the estimation of such aggregation functions, particularly i the choice of
assumptions and in the interpretation of the results. Since wany of these
issues are carcfully discussed by Bowles, there would be little point in cover-
ing them exhaustively here. 1lnstead the more important prohlems will be fis-

cussed when considering the results of the experiments.

Cases can he argued for defining labour categories cither by occupntion
or by educational level. These are examined in Section l. Nections 11 and
111 describe the estimation of aggregation functions using the occupational
and the educational definitions respectively. Section 1V gives an account
of sensitivity unalysis desirned to assess the consequences of taking one
specification of the aggregation furction irstead of ancther. Sectior V dis-
cusses the hehauviour of the wage structure over time and the problew of rele-
tive complementarity betweer skilled labour and capital. The corcluding sect-

ion discusses the inplications of the results.

1 The classification of labour inputs

Ideally one woul! like to identify all the characteristics resporsible
for the diftfercices iu productivity hetween individoals and 1o devise @ classi-
ficution svstem based apon them. At present this objeciive reatiins fer vav off
reach. 1 the first nluce, in the absence of a direct rexsure of the wroduct-
ivity of un individuanl, his wage has to serve &s a surropate, entaiiing well-
known but often exagrerated prohlems., Secondly, none of the growing nuiber of
studies on income generating functions has accounted for more thar o nodest
proportion of the variance in the wage. Perhaps the most cowprehersive study
to date is that of Hanoch (1465), who, using data from the 1 in 1,000 sarmple of
the 1960 U.S. Census of Population, investigated the effects of such viariables
as education, occupation, uge, race, geographicanl location, type of residerce,
origin of hirth, mohility, murital status, number of children, as nany ax 4

variahles (mostly dummies) in all, and could account for at most 35 of the

variance in the carnings of nales aged 25-64.

Thirdly, ns Wood (1969) has emphasized, there is little understarding ol
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the roles of the variables which make a statistically significant contribution

to the income generating functions. These variables are usually restricted to
the casily measurable characteristics of the individual, and each may he nerely
an instrument for one or several true underlying characteristics directly rela-
ted Lo productivity, This problem of course arises in any form of statisticul
analysis. In general the significance of the coefficient of the instrumental
variahle should rule out the possibility that the association between it and the
true characteristics is fortuitous. So long as the true charncteristics and

the instrument maintain a stahle relationship with one another, such substitution
matters only to the extent that it inpairs perception of the naturc ol the eco-
nomic process under investigation., Illowever if the relationship is not necessari-
ly fixed then the coefficient of the instrument means little. 1In this case the
consequence of being satisfied with the instrument, if one or nmore of the truc

characteristics can he controlled, must be inefficient policy.

In view of the low proportion of the variance of the wage accounted tor hy
income generating functions, it is clear that any aggregation function ior latair
based on conventional characteristics will bhe & poar predictor of the ware at the
level of the individual, Nevertheless, through the simple operation of the law
of large Numbers, the prediction of the averuge wage of a catermory us n wiole nay
be relatively nccurate., Therefcre in the empirical investigation helow, the
aggrepation functions and the properties derived frouw them arc intended to appiy

only to catepories and not to individuals.,

0f all the measured characteristics of labour, tlie only ores wiich vesulurly
appear cross-classified by wages, outside of such specielized survevs as the 1 in
1,000 saniple, are occupation, education, and industry of employment. Ior lnck of
data other churacteristics will not he taken into account when choosing eriteria
for a lahour classification, Furthermore industry, hein. tenuously connected
with the personal attributes of an individuel, will also be excluded. There re-
main thercfore the possibilities of classifications based on education, occupation,

or a« combination of the iwo.

Both education und occupation appear prominently in income generating lunci-
ions., In order to ohtain some prior indication of' the relative promwise !or the

estinntion of argrepation functions of the two classificntions, the variarce in




the wage anccounted for hy each separately and for them hoth together was estima-
ted, using the same data and holding constant as many other variahles as possible,
Suitable data for this purpose were found in Tables 2 and 3 of Subject Report

PC (2) 7B, "Occupation by Earnings and Educatioen", of the 1960 U.S. Census of
Population, where earnings ol male worhers are cross-clessified by age, race,

and geographical locatian (North nd West / South) in addition to occupation and
education. Since the proportion of the variance accounted for increases with

the fineness of the classification, the same number of categories, six, were used
for hoth criteria in order to inprove the compurability of the results. In the
case of occupation the categories were (1) proftessionals an¢ techniciansj (2)
managers and proprietors; (3) clerical worhers; (4) sules workers; (5) crafts-
men; (6) operatives, service workers and labourers. For education they were

(1) 4 or more vears ol colleze; (2) 1 to 3 years of colleye; (3) 1 years of
high school: (4) 1 to 8 years of high schoolj (5) 8 years of elenentury schooly
(6) 0 to 7 years of elementary school. In both cases furm managers an! worhkers

were excluded. Table 1 sumpurizes the results., JFurther details of the urcat-

ment of the data may he found in Appendix 3.

It can be scen {rom the one-way anilvsis that occupation and education ac-
count for roughly the same proportion of the variance in the wuge. In Lol cioves
the proportion is seldom nuch greater than 15y,  As has been arwued above, this
low figure inplies not that the criteria are unsuitable as classifications for
agrresation functions, but that the latter are likely to be less sharply defined

thar wmirht be desirable.

The proportion of the variance cxplained by the two-way analysis was on the
averarge about a third higher than that explained Ly either of the one-vay sualy-
ses, 2 Since the improvement was thus modest in comparison with the inrcre se iv
the complexity in the formulation of an aggregation function, the possibility of

using hoth classificetions together was ciscarded.

2 1t was not possihle to allocate the variance explainetd to the two classificn-
tions scparately and to their interaction, as may sometimes be done in twoe-
way analysis, because there were empty cells in the cross-classification.
See, for example, Scheffé (1959), pp. 112-119.
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TABLE 1

Proportion of the variance in the earnings of males in

the lahour force of the United States in 1960 accounted

for by occupation and education

two~-way
one-way one-way annlysis;:
analysiss analysis: occupation
age occupation education & education
North
Whites
25-34 017 .064 104
35-‘44 . 141 . 140 L] 193
45-54 . 165 . 161 . 231
55-~64 . 166 . 142 2838
Non-Whites
25-84 0063 0079 . 102
35-44 . 169 173 e 207
45-54 « 257 « 250 « 281
55-64 .110 071 «117
South
Yhites
25-34 L,101 . 120 « 153
35-44 « 149 . 184 . 225
45-54 .161 195 o 247
Non-Whites
25-34 . 124 «117 . 154
35-44 « 109 . 125 . 154
45-54 . 123 Y 118 'Y 154



In view of the fact that, according to the one-way analysis, there is little

to choose between the criteria, estimates of aggregation functions were derived
for Both separately. A classification based on occupation is likely to bhe more
attractive to the econometrician interested in explaining productivity and crowth,
since there exist in most countries far more plentiful data on the occupational
structure of the lahour force than on its educational structure. UOn the other
hand educntional planners, given a choice of a direct link between education and
productivity, and an indirect link via occupation, should find the forrer prefer—
able if education is not inferior to occupation as a determinant of productivity,

especially since the connection between education and occupation is not well

understood,

11 Agerepgation functlions based on occupation

1t was assumed that the aggregate production function for etch state could

he written in the form

(1) Y - t(L, 2)

where Y is output, L is a function of the individual caterories ot lahour, 4
is the vector of the other factors of production, and f_ is the form of tie
(=1

function in state s,

The aggreesntion function [or labour wus assumed to be u CES funection whose
argumnents could either be tlie individual categories or le themselves CES functions
of the catepories., 1n geticral the agegregetion functions estimated had two levels
of ngprepation along the lines sugoested by Sato (1967), but in priuciple a hier-
archy of anpgrepgations was conceivable, liwited only by the number of busic ceter-
ories and the quality of the data. The advantage of nsing a tiered insteard ol n
gingle level CLES function is that it reluxes the assumption of ihe latter thit
the purtial elasticities of substitution between the basic categories arc con-
stant and equal. Illowever even 4 tiererd function jwplies an exugperatedly simple

view of the structure of the labour force. Clearly nore sophisticanted functions



aould have bheen considered; hut, as will be demonstrated, even at this crude level

there are diminishing returns to functional complexity,

The hasic problem therefore was that of estinating the parameters of funct-

ions of the type

(2) N = (gai N, )

where N is an ngerecgation of lahour, which, il not the overtll lohour aycrecation,
would serve as an arrument of a higher augregation; the hi are comporent subeats -
orics which may or may not be busic occupationnl categories; and ¢ is cqual to
(6-1)/0 where & is the Allen partiul elasticity of substitution hetween pivirs
of categories,

The data used for estimuting such functions were taken ircii the 14f6 UeSe Ceor-
sus of Population. It was difficult to specify in adverce the aporopricte 'iteross
of the occupational classification. il the classification WOre LGo o Sy Lo e
would be the risk that a single category wight cncompiss several N N VTR AY I T YT IR VU
cupations, wilh the result that it would be unrlikely to posscess stroanly jdeg i ia
ahle nroperties of its own. On the other hand the finer Uhe clas: i icnt, o0, o
more fifficult it would be to determine plausilbile sroupiivs « cotorerics G
the tiers of the aggregation function, and the grecter woald oo the arobdog s g -
posed by deficiencies in the quality of the data. Accortiroiy three deor atiere ]
classificitions were defined,  The first utilized the ef bt Lo~jc Lon=linen oecn q-
tions: (1) professionals nnd technicians; (2) administrators ar! Wwoosietor s
(3) clericnl workers; (4) sales workers; (5) crafister: () oneratives; -
service workers; (&) labourers. The second clnssification has Leur eate i s
obtainred hy combining the categories of the first two at u time: coiopery () op-
bined (1) and (2); (10) combined (3) and th)s (1) corvanes (9) 2rd (6): oane (o)
combived (7) and (8). In the same way the third classiticaticn wes obLtarped o

the second: category (13) combined () and (10), wnd (14) cowline! Cley s (1o,

3 Allen (1938) pp. 503 -505. Ior a demonstration that equation (2 correspond s
to his definition, see Uzawa (1962).
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Other relatively conrse clasgifications were considerer, notahly one with three
categories grouping (1) and (2); (8), (4) and (5); and (6), (7) und (8); but

these did not yield an improvement in the results,

For cach of the 28 states with more than 500,000 males employed, earnings
and "effective employment", the latter being defined to be male employment plus
female employment weighted by the ratio of female earnings to male earnings, were
calculated for each basic occupation. Effective employment for categories (9) -
(12) was izeasurcd by summing the effective employment in the two component cateu-—
ories, and the wage was the average of their wages weighted by effective employ-
ment. In the same mamner effective employment and wages were calculated for
categories (13) and (14) from the data for their component cntegories. TDetails

of the sources and treatment of the datn may be found in Appendix 1.

The parameters of equation (2) were estimated via the warginal productivity

relationshin derived from it:

of
¢-1 1- s
(3) Yis - i Vis r"s +
aM
S
where
woo = pareinal productivity of category i, assuncd ecuitl Lo earnrires
dfg .
— = mareinal productivity of category M as n whole
aM
& .

and the subscript s refers to the state furnishing the observation,

Hence

4 ‘. = , 1) M
(1) y c + ¢ -1) h'is + by
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10, =

wvhere
My log Yis
¢, = log a.
Mis =1 ot NTYA
of
hq = log ( Ni-¢ — )
3 ) oN
8
and - 1/(¢-1) is a maximum likelihood estimate of O ,

If Lhere were k categories among the Ni, equation (4) would have as in-
dependent variahles the variable M and k+27 dummy variables, and 28k ohserva-
tions would be available for estimating the paremeters. The dunmy varichles com-
prise the c; for the k categories of lahour and the b_ for the 28 statos, with

one of the variables, arbitrarily chosen, dropped in order to elininate linecar

dependence amonc them.

In the special case when k is equal to two, the dummy variahles for the

states cur be eliminated by dividing the expression {or Wy wiven by () by tiot
flor R wile:

[

The parameters are estinated by takine logarithms ns heiore,

In these formulations of the repression equation it bas Yeer wssuiwed chat 1
cach state the structure of wapges is dependent on the structure of the labour .orce.
0f coursge, Lo the extent that interstate wage differentials induce rigracicn, the
reverse is also true, and the resulting identification problem inplies that ordin-
ary least squares regression analysis yields biased estivates of tie coellicicrts
of equations (4) and (65). For two reasons this possibility lias not been ceher

seriously in the followinx analysis. In the {first place labour mipgration is lilely



to be a very s8low process in comparison with wage ndjustuxent.,4 and henrce it is
not likelyv that any such bias is severe. Indeed if wage adjustments are not
fairly rapid one is not justified in writing equation (3) at all, 1In the second
place, it is by no means agreed in the literature that wapge dai{terentinls exert
a sipnificant influence on n.igruLion,0 and even in the study which is most
favourable to the hypothesis, that of Gallaway, Gilbert and Smith (1967), the
income varianhle cexnlains at most 25%, and usuanlly much less, of the variarce in

interstate mipration in the U.S. between 19585 and 1966.

Occupationul mobility gives rise to a similar identilicition prolilen te the
extent thant it is encouraced by occupational wage differertinls, It is certain-
ly biases in the direction of iticreasing income, 6 but this ray sirsly reflect
the fact that work experience enuables an individual to upgrace his socioccononic
status, and such movements are not nccessarily responsive to the wcirual cizes of
wace differentials., DLven if they are respor .ive, they arc nrohubly slew vcornared
with wnpe adjustment, and hence the bicses caused by negiecting the sirmltaneity

of the system are unlikely to be large.

It should he noted that, since the wages ol categories \y) - (11}, ¢rd of

categories agpregited from the basic categories, are cverawes of L. wizes of

4 On average shout three to four percent of the populiiion cpes more thar cne
year moved from one staite tv another in the U.S, in each cear durine the
1060's. (Rainon (1963), n. 429)

Raimon (1963) found hirhly significant Spearman ranh correlation coefticiciis
between net sipration to U.3, states and their avera-e per cuapdtn jncome dur-
ing the period 1950-1958, and Gallaway, Gilbert and Smith (1967), usir. a

more detailed interstate migration natrix, found relicive incowe to be o Linh-
ly significant variahle in addition to relative unemnloyment anc distorce.

On the other hand Nelson (14959) stautes (p.58) that he found no =i nificant
relationship between interstate migration und relative incoue in the U.s, Cdur-
ing the years 1935-1940 and 1949~1950, und argues that informwtion, trans—
mitted by relatives and friends, is a more important determinant. Greenwoad
(1969), in a sinilar but nore formnl study, found that the Ligranie sioch,
defined to he the numbier ol persons born in ore state and living in enother,
was a key determirant of the flow of migration between then in the neriod 1055-
1960, in addition to other variahles such as unemployment, education ard dij:-~
tance,

[,

6 In Table 3 helow the mobility ratio for a rovement from a lower puid occupa-—
tion to a higher paid occupation is almost invariably hicher than the ratio
for the reverse movement bhetween tlie same occupations.
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their suhcatogories weighted by effective employment in them, the variables LI
and Nis in equation (3) are not estimated independently of each other. The
estimate of the parameter ¢ is therefore likely to be upwardly hiased, and this
will increcase the estimate of the elasticity of substitution. Mo attempt was
made to evaluate the hias quantitatively. It is improbable that the bias could
have been serious, since weighted averages are not usually particularly sensitive
to their weights. In any case the bias would be conservative in the sense that

it would reduce the apparent significance of the results.,

In order to obtain a fecel for the possible structure of the uggregation
function, the pairwise elasticities of substitution were computed between all
the eight basic occupational categories, using equation (5).7 Since ¢ is cqual
to (0-1)/6 , the cstimates of the coefficient (P ~-1) are ecuivalent to estima-
tes of ~1/0 . Table 2 gives the derived maximum likelihood estimates of O .8

A mojor problem with such estimates arises from the fact that un estinate of
(¢-—l) not significantly different from zero, which implies an estimnte of 6
not signiflicantly different from infinity, wmay be due to eithier of two contrary
causes: such cn estinate is likely to he obtained both when the two categrorics
of labour are excellent substitutes, uwn! when they play such dissigilar roles in
the productive process that there exists no relationship between them at all. it
is impossible to distinguish between these cuases on statistical prounds, .nd it

is thus necessary to r1ake use of such extraneous evidence as nay Le availahble,

On the hypothesis that those occuputions which are ;ood substitutes in pro-

duction possess commor characteristics which are likely to encourace =ul'stitutijop

7 The pairwise elasticities were computed using the model

Y = fS(L’ Z)
L = (e. N, + a. N, )
i JjoJ

where the subscrints 1 end j are those of the two cutepories in the pair-
wise regression., All the other labour cutegories, together with the non-
labour factors of production, have now been bundled into 2.

8 Table 20 in Appendix 4 gives for each of the elusticities the t-ratio apuinst
the hypothesis that it is equual to infinity, this ratio lLeinr just the t-ratio
against the hypothesis that the coefficient ($-1) is equal to zero.



* gienificantly different from infinity at 5y level

Prof,
Admin,
Cler.,
Sales
Craft.
Oper.
Serv.

Lah.

Source

with Table 2.

6

7

- 13 -

TABLE

2

Pairwise clasticities of substitution {for the

9.8

eight basic occupational categories

*
5.3

15.2

TALLL 3

6 (

%

8.2 3.0
A%

10.8 2.8
*% *%

5.5 2.2
*%

42.4 2.7

11.8 12.3

95.1

Mobility of the non-agricultural Americun

'uhour

** at 1% level

force

from first employment to employmenti in 19-°2;

cerual flow

as a ratio of the flow expected with perfeet mobhiliiy

4435
1.19
1.04
0,79
0.62
044
0.54
Q.42

Table J&2.3 of
tions were subdivided.

0.96
2,77
1.34
1.69
1.04
0.80
0.66
0,61

0,63
0,74
2.48
1.49
0.56
0.71
0.71
0.72

0060
1.38
1.68
2.81
0,71
0.73
0.49
0.64

Blau and Duncan (1964).
These have been recowmhined in order to irprove comparanhility

(1]

0.1y
0.37
0.587
0.0l
1.93
1.26
0.80
1,09

In their table sonic

0.14
024
006
0.9
0.68
1.49
1.21
1.37

-1

0.17
a3l
(.85
0,50
.65
1.03
3.86
1.32

ol the

o

0.04
036
0.7
0.37
06606
1.006
1.49
2.43

occupu-—

Table 3 is thus an aggregated version of Table 2.7 of Blau and Duncan,
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in supply, information on intragenerational mobility would be relevant. 1In their
study of the American lahour force, Blau and Duncan (1964) ohbtained data on its
occupational distribution in 1962 cross-classified by the occupational distrihu-
tion of the first employment of ecach worker. Table 3, prepared from these data,
shows for each pair of occupations the number of workers who had moved from one
occupation to the other as a ratio of the number who would have moved had there

Been perfect mohility, that is, no association between first employment and em-
ployment in 1962,

1f there had been perfect mobility, all the numbers in Tahle 3 would bhe equal
to unity. In fact it may be seen that the table is dominated by large numbers on
the diagonal, which indicate that workers tend to remain in the occupatior of
first employment. Most of the other cells contain numbers lower than uniiv. If
these are taken as indicators of poor scope for substitution, then all but three
of the estimates of & in Table 2 not significantly different fro. infirity way
be considered to imply no relationship, The three remaining cstinates are thosze
between categories (6) and (7) (mobility rotios 1,03 and 1.21 in the two cdirect-
ions), categories (7) and (8) (mobility ratios 1.40 and 1,32), and caiecorics (5)
and (6) (mobility ratios 0.65 and 1.26). The last is ccuivocal, sirce the mobility

ratio from (5) to (6) is lower than unity.

A revised version of Table 2 with the insignificant resulds clirinates! wonld
thus just contain the diacwonal clements and those off-dicronal elements with asteor-
isks. Looking at the pattern of the results, it does apnear, as rizht he expected,
Lhat caterories which are close to one another on socioeconoric orderings are woad
Substitutns.g A notable exceplion is the elasticity of substiiwution beotween sales

e

. . . - » [} . .
workers and craftsnen, which is negative, inplying complementarity, Tais result

Two of Lhe best krown sociocconomic orderings are those of North amd Yinto, wrd
of the U.S. Bureau of the Census. The forumer, described ir Heiss (1001), is
hased on Lhe results of a sample survey designed to evaluate the nrestige
attached to the occupations, The latter wes calculated usiry the averarse
levels of cducution and income of the occupution (see Subject @eport PC (2) HH
of the 1960 U.5. Census of Population for the methodclogy cmploved).  Both
orderings put nrofessionuls and managers {irst, and operatives, service wori-
ers and labourers last, in that order, and thus agree substanticlly with the
conventional census ~rdering., The Morth-ilatt secale nlaces craftsmen just
above clerical ami » es workers, which ure close together. The Burciu ot the
Census puts sales wurkers above clerical workers and hoth above ciaftsmen.

o]
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just reflect the fact that the two caterories straddle the boundary hetween

may
the nonmanual and manual occupations. The importance of the nonmanunl/manual

distinction is underlined by the tendency of the manual occupations to have high
elusticities of substitution with respect to one unother and low elasticities of

substitution with respect to the nonmanual occupations., These observutions sug—

gest that when the categories are groupe for aggregation to a higher level,

there should he a clear division in the structure hetween the nonmanual and the

manual occupations.

TABLE 4

Peirwise clasticities of substitution and t-tesis of the dificrence

of the estimates from infinity for occupational cutegories {v) =12}

elasticity t-ratioc
10 11 12 10 11 12
9 4.8 6.6 2.4 2.6 1.9 e 2
].” } '1.9 2-0 303 T.".s
11 6.8 Lol

Proceeding to the conrser, four—category classification, one oliserves nuci

the same pattern, but more clear cut. In Table 4 adjacent categories have high
panirvise elasticities. Category (12) has low elasticities with resncct to the
categories (9) and (10). Category (9) appears to have u higher elasticity with
respect Lo category (11) than with respect to category (12), when the reversco
might have been a:ticipated, but this result may simply be due Lo Lhe sreater

sampling error indicated by & lower value for the t-ratio.

Given the abundance of significant results using tiie finer classificalions,
the two-catewory classification (nonmanual ard wanuel workers) hecame redundapt,
Nevertheless, in order to checl some of the ageresntion funciions constructed

using the other two classifications, the pairwise elasticity ol sulistitution
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between categories (13) and (14) was estinated, being 1.1 with a t-ratio 2.5.

In view of the results gathered in Tables 2 and 4, there appear to he four
possible candidates for aggregation structures using the eight basic categories:
(&) usinz a single level CES function to aggregate all eight catevorics simul-
tancously; (B) apgregating the categories pairwise using the cvlasticities estimn-—
ted in Table 2, and then using another CLES function to aggregete the four super-
categories; (C) aggrepgating the categories pairwise, estinating the pairwise
elasticities hetween the four supercategories, using these estimates to auprecate
the supercategories two at a time, and then finally agrrepating the two derjved
categories; and (D) aggregating categories (1) and (2), and (8) wrd (1), puir-
wise, and aggrepnting the four manual categories together, the three supercates—

ories thus derived bheing aggregated together at the sccond level.

In Lhe case of the coarser classification three structures wore considepred s
(E) aggreguting categories (9), (10), (11) and (12) in a single level CES furet-
ion; (F) aggregating (9) and (10), and (11) and (12), prirwi=e using Lo olasyi-

cities estinuted in Table 4, and aggregating the two derived cote-orics |

other CES function; and (G) aggregating (11) and (12) prirwise, ard tie. [RURTIE
ting the derived crtegory with (9) and (10). Structures (E) - (G) tins corrd«oond

directly to structures (B) - (D). Indeed the only difference is thot it <tsiic-
tures (B) = (D) the origiral eipht categories were u,ywrewited »aiiwise usise 1 o
estimated puirwvise elasticities of substitution, whereas in (L) = (4) thev wepe
direclly combined in a process implicitly using in eaci. case av intinit, oin-

city of suhstitution,

In Figure 1 the various structures are assenbled, toretner witi the oo prea=
tion of categories (13) and (14), lubelled (H). In order to demonsterte .o o
diagram should be interpreted, the results for structure (D) wili i explained,

Using the logaurithmic form of equation (5), the pairwise elasticitics of suiovitu-

tion between categories (1) and (2), and () and (4), were estivrated to Lo Q.0 and
3.0 respectively, with t-ratios 2.0 and 3.6G. These ex~tirates apnesroin Toidle o,
Using equation (4), the elesticity of substitution hetween cateworics (D) = =~y
was estimated to he B.0. with t-ration 3.4. The three wroups were then ae pe o ied
into three supercategories using the estimates of the elasticities and toe viloos
of the parameters a, also estimated by equations (4) and (5). Using equetion (1)

again, the elasticity of substitution between the three supercuategoriecs was
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F1GURE 1

Agrrecsation structures based on occupational classitficutions

» * %
4,8 (17.0)

-
o

A 1 2 3 4 5 6 7 B

4.0 (5.3)

9.8 (2,0) 8.0 (3.6) 11,8 (1.7) 7.1 (1.0)

B 1 2 3 4 5 6 7 3

5.3 (2.0)

6.0 (2.1) 8.2 (2.2)
9.8 (2.0 3.0 (3.6 11.8 (1.7 7.1 (1.6
) (3.6) (1.7) 1 )
c 1 2 3 4 S5 6 7 8
5.2 (3.0)
9. 2.0 3. 3. > L-.. "3."\
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3.5 (643)

E 9 10 11 12

‘].1 (2.7)
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4.8 (2.6) 6.8 (2.8)

P 9 10 11 12

3.9 (3.8)

6.8 (2.%)
—
G 9 10 11 12

‘*01 (‘_’..5)
by

H 13 14

* elasticily of substitution ** t-ratio
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estimated to be 5.2 with t-ratio 3.0.

It can he seen that almost all the estiwates of the elasticities ol substitu-
tion are significant at the 5% level, and a number of them are significant at the
1% level. The results for the structures as wholes are not direculy compuriahle,
and there would appear to be little justification for preferring one structure to
another. '"This conclusion was perhaps predictable. The true rclationship hetweer
the variahles is ohviously involved and complicauted by other factors of prodnetion.
Thus any CES stiructure is hound at best to be o crude approximation, ard if one
such structure exists then a number of equally plausible variations are also like-
ly to exist, especinlly sitce the high elasticities of substitution indicite rela-

tively flat agurecsntion isoquants.

111 Agprepation functions hased on education

Phe same rethodology was used for constructing agzresation faretions based oy
educational classifications. Again the data for estiratine i fupciicns v
taken fror the 1960 U.S. Census of Foupulation, and the same 2 sintes were nsed,
Netanils onr the sources and treatment ol the duta cuan bhe toun: 1 Anoerdix 1, 1t
was apnir convenient to define eight bhasic catepories: (i) 1 years o wvore of

collere; (2) 1-3 years of college; (38) 4 yeurs of hipi schoeols () 1=08 oo
of hinh schooly (5) 8 years of elenentary schiooly (6) 5 -7 vears of eleientary
schooly (7) 1 -4 years of elementary school; (%) no schoel vewrs cownleted,

Once more it seemed worthwhile to define o coarser classification by copnicine

the categories panirwise: category (9) covered the whole ol coilene; L10) covered
the whole of high schoolj; (11) covered the last four years of elemertary schooly
and (12) covered the first four years of elementary school and no education.
Finally, as before, two more categories, (13) and (14), were constructed hy com-

bininy cntegories (9) and (10), and (11) and (12), respectively.

Phe nairwise elasticities of substitution for the eight basic entesorices npdd

for the four hroader catcgories appear in Tables & and G rescectively.  he elasti-

city of substitution hetween categories (13) and (14) wus 343 with a t-ratlio .0,
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TABLE &

Pairwise elasticities of substitution for the

eight basic educational categories

2 3 4 5 6 7 &

* * * ¥ * % *%

1 _17.7 "802 10.1 -25.5 5.4 6.0 5.1
* * % *% %

2 46.3 6.9 -'26.9 6.9 6-5 509
* % * % * % * X

3 7.7 2156.1 9.9 7.9 7.0
* R * N * %

4 18.1 13.9 9.0 T.4
* *% *¥%

5 52.5 17.0 10.4
*x *

6 9.0 10.0

0 9.5

* gignificantly different from infinity at S level ** at 1% level
TABLE 6

Pairwise elusticities of substjtution and t-teats of tle differeucce

of the estimntes from infinity for educationel catecories () = (12)

elasticity t-ratio
10 11 12 10 11 12
9 34.0 5.9 5.8 Ge3 2.6 Ted
10 5.9 8.5 3.6 5.0

11 21.6 2.6
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Looking at Table 6, one may observe that cutegories (9) and (10) arc good
substitutes for one another, as are categories (11) and (12), but that the remain-
ing pnirwise elasticities are relatively low. These results, and the low elasti-
city of substitution between categories (13) and (14), suggest thut there should
be o shanrn hreak in the appgreration siructure between the upper four basic calop—
orices and Lhe lower four, looking at 'l'able 5, the pairwise elasticities of sul-
stitution hetween the upper four categories are all high, two of them with estima-
tes which are greater than infinity, i.e. negetive, cunused by the estimute of the
coefficient (¢ - 1) in equation (5) fallinp helow zero. There would secen to he
little justification for hypothesizing uny particular substructure for tlese
categories other than streightforward ageregation hy neans of u sincle level CES
function., Likewise tlie bottom four categories nll have high pairwize clisticities

and a single level CLS function would seem to be adequate for apggrecatirg then.

With these considerations in mind, the following structures were estimmtod:
(A) agaregating tlie eight hasic cutegories in a single CuS furction; () nsuirovi-
ting the upper four categories with one CES [unction and the lower four wiith on-
other, and then tarreasanting the two derived cntegories wt a second level: (i)
aggregaling categories (9)-(12) in a single CES function: und (D) apuresitin
categories (Y) and (1G) pairwise, and (11) and (12) pairwise, and the twe derived
cntegories pairwise. iMinally the structure consisting of o simple Cls fuictios

wrererating the two caterories (13) and (14) was labelicer (b).

The results tre showr in Figure 2, which sh ould he iptecpreted in e sipe
way as Migure 1. As can be seer by compuring the two li1pures, the structure:
for education are similar to those previously estinated for tie occupittional
classificntion. MNMost of the elasticities nre uich and sicnificant, hut o1 o

very hizh indeed and not significantly different fron infirity,

IV  Sensitivily analvsis

In the previous two sections a variety of uggresation structures were cetlira-
ted lor botli the occupntional and the educnational classiticotions, antd it wis npot

possible to discriminnite among them on statistical grounds. Accordingly it is ol
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F1GURE @

Aggresation structures based on educational classifications
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interest to discover whether the specification of the function miakes any diffcr-

ence in practice,

For this purpose data for the United States on employment by oocupation in
1951 and 1967, and on wages by occupation in 1951, were used to estim te relative
wvages by occupation in 1967, and the aggrezate labour index for that date, for
each specification of the ugigregation structure in Figure 1.10 In order to derive
the ahsolute level ol wages in 1967, it was necessary to introduce an estimute of
the marginal product of the aggrepate labour index at that date, ard this was
calculated on the assumption that the elasticity of totnl wages witli respect to

the labour index was equal to zero.

Before discussing the results it should be emphasized that the estiiuntes ior
1967 cannot be expected to be reulistic. The aggregution structures werc cstipn-—
ted from cross—section data, and thus several important factors which wre lilely
to influence the structure of wages over time were held constant., The estinntes
for 1967 should therefore he interpreted as representing the structurc ol wagcs

and the lahour index that would have heen in existence in 1051 1! the 951 i} r

endowments had been replaced at that date hy the 1967 endowments., [Lhe ccine!l i)
ures for 1967, which ntre irrelevant to the present asnalysis, are giver 1t tie last
line of each tahle, and they are in fact quite different tron any of the "projvcer-

ions". The reasons for this divergence are discussed in Section V.

Tabhles 7, 8 and 9 give the wages of euch category and the cpiresnte Jabour
index in 1967 as proportions of their levels in 1451, for cacli structure in enct
fineness of occupational classification. In addition the results o using livear

agpreration are shown for euch fineness (labelled (Al), (El) and (ll; ‘i the
eight, four and two category classifications respectively).

Looking at the tables, it is immediately clear that the estircte off the in-
crease in the lahour index is hardly affected by the specification of tle awrresu-

tion structure, and it is little different from that obtuined usins liZenr agproci=

tion.

10 The data were tulen from the Current Population iteports, Scrics P=-60, of che
U.S. Bureau of the Census. See Appendix 2 for a description of tieir treat-

nent. Wages are expressed in current dollars throughout this section,



TABLL 1

Estimates of wages and the labour index in the United States

for 1967 employment data, as ratios of their levels in 19581,

for structures using the eight category labour classification

agerepgate
category 1 2 3 4 5 6 7 8 lahour
index
structure

A 1.90 2,08 2,03 2.09 2.16 2,15 2.11 2,24 1.324

B 1.94 2,02 2,01 2,10 2,17 2,17 2,138 o2 1,326

c 1.96 2,05 2,02 2,11 2,15 2,14 2.11 2,20 1,326

D 1.94 2.02 2,01 2,10 2,17 2,16 2.14 2,08 1.325

Al 2.07 2,07 2,07 2,07 2,07 2,07 2,07 2,07 1,580

actual 2,32 2,30 1.89 1.U8 1.99 1.93 1,45 l1.84 -

TABLE 8

Bstinates of wawes and the labour index in_the Urived Silates

for 1067 emplovwent datu, as ratios ol their l-veis in v,

for structures usine the four category lubour classiyici. ioun

e Gl

caterory Y 10 11 iz labour
indes
structure
) 1.6 2,03 2,17 2017 1.:29
I 1.8 2,08 2.16 2.10 1..30
G 1,47 2,03 2,106 2e18 1,330
El 2,07 2.07 2,07 2,07 1,435

actual 24 & 1.1 1.96 1.3 -
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TABLE 9

Estimates of wages and the labour index in the United States for

1967 employment data, using the two category labour clussification,

for selected values of the elasticity of substitution

wages Wagres rutio wages of (13) wages of (14) lahour index

slruc- of of of as ratio of as ratio of as ratio of
ture o (13)u (14)a wages  wuges in 1951 waves in 1951 index in 1051

1951 - 4449 3100 1.43 1.00 1,00 1.000

i 4.1 8939 6721 1.33 2,01 2,17 4328

11 Lo 9248 G445 1.438 2,06 2,08 1.8228

H2 1.0 7969 7584 1.05 1. 7¢ 2.40 1,310

H3 0.5 6703 8712 0,77 1.51 2.81 1,245
actual - 9702 6041 1.61 2. 16 1,46 -

current dollars per yeunr

Sinilarly the estimates of the wage structures are oot crticuinrly «orait., .
to the specification of the aggregntion structure. Powever the osUirintes olta i ol
using lincar aggrepation, which implies constant relative wirrns, freguently difter
by more than &j.

In Tahle 9 it may be observed that the cstimetes of tihe laubour itdex ohtained
usingr elasticities of substitution equal to 1.0 and 0.5 ire not wuel lowor .

the linear aggresation estimate, but the estinutes of wapos wre very dissioilo r.

The implications of these results depend upon the irntendod use of the wierpreira-
tion function. 'They indicute that for the purpose of wensuring the contribution

of labour to econoriic growth, linear aggresation should provide cstimiates virtua ly



equivalent to those ohtained using more complicated aggregution structures. On
the other hand the results suggest that for the other ohvious application, analy-
sis of the rate of return to education, the specification of the aggrepution
structure is of appreciable importance, since the estinntes of wage differentinls
vary considerably among the different structures, even though, in percentage
terms, the estimates of the wages themselves do not. The sensitivity of the
pstimates of ware differentials is demonstrated in Table 9. The differential
hetween the wages of nonmanual and manual workers would be 38j in 1967 using the
elasticity of substitution calculuated in Section 11I. if o were assumed to he
equal to infinity, the differential would remain the seaumc as it was in 19581, 4dp.
If a Cobb-Douglas function were used, it would be Sk. if 0 were equal to 0.5,
it would he negative.

The educationnl structures were not subjecterd to sensitivity nnalysis of

this kind hecause they resemhle the occupational structures closely and it was

presumed that such analysis would yield sinilar conclusions.

\4 Time series estivates of agrregution functions

In all countries in advanced steges of industrializetion, vie supply ol toe
more skilled and eductted types of labour has hLeen prowing uucl more rapidly then
the lahour force as a whole. In view of the experinent: describer in Sections 11
and 111, one would expect their wages to have Inllen rolatively to tiiose of tha
rest a8 o result. Over lonz periods of tive this has indeed bheen Uhie casp, as &
larpe number of studies testify. Ober (1048) divided tie U.S. labour force irtoe
five classes by sikill and feund that, in the period 1907=1047, the v.tio ol tie
median earnings of the most skilled class to that of the least shilled class fell
from 2.05 to 1.55. Knowles and Robertson (1Y51) exanined the tine rates for
skilled and unshilled occupantions in four industries in the U.K, and lound thit,
in the period 1880-1950, the premium for skill fell hy ahout two thirds. Dunion
and Rothhium (1955) reported that in the interval hetween 1935=1940 ard 1952-1454
the skill differential fell by a half in ltaly and by a quarter in i‘raence.  Jeat

(1960), using date on 141 menual occupitions in 17 industries in tite U.S., found

] Sl
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that the dispersion of hourly wages, measured by the coefficient ol variation
(the standard deviation divided by the mean), fell hy ahout a third heotween 1408
and 1956. Bry (1960) showed that skill differentials rose narginally in Gerrany
from 1871 until the late 1880's, remained constant until the end of the century,
and (ignoring a period of sliarp contraction and dispersion during the decade
1914-1924) declined cradually until 1928, with little change hetween that date
and 1943. Woods and Ostry (1962) constructed time series on 15 skill ditferent-
ials in Canada, which, on the average, show a marled decline letween the perior

1923-1933 and the late 1940's, and a further decline by the late 1950's.

Two studies which stand out against this tide should he noted. lonz (1960)
quotes three government surveys which showed that the ratio of shilled to un-
skilled wage rautes remanined roughly constant in the U.S. from 1860 to 1890, npd
0zanne (1962), examining the records of a large munufacturing plant in Chica. o,
found large cycles hut no pronounced trend in the rictio hetween 1858 wie! 1634,
One should however be most cautious in interpreting such statistics for tho 1.9,

hefore 1914 because one has no neans of estinating the extent to whiecl (he

L T

provement in the guality of the labour force due Lo tho growth of' the oducativnal

system vas offset by the relative reduction in the flow of s.illed Inrl sants,

On balance, therefore, the findings of these lone—tern studies w,enr ot

least superficially consistent with the waurexation furctions of [Mi_ure ! Loy =

ever Lhe available evidence on the reocent behaviour of wase rittes is pne  loss
favourahle, for the relative decline of skill differentials seems o have ceiies
in the more industrinlized countries since 19435. Accordiig Lo Gunter (1964,
there wus little contraction of relative wages hetween 1950 and 1980 in the U.S.,
the UK., France, Itely and Germany, although it appears to be contiouin: ir a
sample of developing countries. Lydall (1068), using estimates of noun Vises and
salaries for 116 occupntions in the U.S. enleulated by Niller (1Y66), lound ot
the coellicient of varintion fell by just over a third from 1989 1o 1949 lut
changed little bhetween 1949 and 1959. Papola and Bharadwaj (10U70) cstivrated 1l
in the period 1949-1965 the coefficient of variation of Lhe Voo siructure has

been approxinntely constant in the U.S., Gernany and Sveden, and that it an e s
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to have risen in the U.K. and France. Griliches (1970) found that in the U.S.
the ratios of the mean income of high school graduates to those of college
eraduates and elementary school graduates both remnined fairly stable hetween
1939 and 1966, Finally, Tables 7-9 in Section 1V demonstrate that the wages
of the more skilled occupations in the U.S. grew faster than those of the less
skilled over the period 1951-1967. Table 10 presents some more detailed stat-
istics derived from the same source (Current Population Reports, Series P-60,

of the U.S. Bureau of the Census; see Appendix 2).

TABLE 10

Mean wages of the major occupations, as a retio of the

mean wapes of operatives, for the U.,S, 1951 - 1967

1951 1953 1985 1957 1959 1961 1963 1465 1967
Prof. + tech. 1.62 1.71 1.74 1.81 1.95 l.:9 1.87 1.85 .44
Administrators 1.73 1.78 1.89 1.84 1.95 1.97 1.8& 1.91 2,06
Clerical wkrs 1.10 1.13 1.11 1,10 1.15 1,11 1.10 1.08 .08
Sales workers 1.3G 1.17 1.41 1.23 1,37 1,24 1,38 1.10 1,38
Craftsmen 1.21 1.23 1.85 1.22 1.28 1.24 1.24 1.25 1.0
Service wkrs 0.82 (.85 0.85 0.78 0.85 0.81 G.81 0.80 0.&3
Lahourers 0.74 0,73 0.71 0.74 0.75 0.69 (e Y 0.70 0.71
Unweighted coef,
of variation 0.2 0.26 0,30 0.28 (.31 0.30 0.32 0.31 0.33
Weighted coef.
of variation 0.32 0.35 0.33 0.34 0.32 0,34 0.32 0.36 0.34

The first seven rows give the mean income of mules in the major occupatioral
groups of the U.S. labour force as a ratio of the mean iicome of operatives, the
largest group numerically, for the period 1951-1967. The next two rows give the
coefficient of variation of the wages of the eight major occupntions, unweighted,

and weighted hy employment, respectively. 1t may be seen that the mean incones of
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professionals and technicians, and administrators, rose relatively to those of
operatives; those of clerical workers, sales workers, craftismen and service
workers maintained stable ratios; and those of labourers declined relatively.
The unweighted coelficient of variation rose slightly, but the fluctuations in
the weighted coefficient make it difficult to detect & trend. On the whole it

thus appears that the dispersion of incomes increased a little during the period.

A number of rival explanations have been offered for the observed stability
of the wage structure, and no attempt will be made to evaluate thew here. Instead
attention will be confined to two of the more popular and plausible. According
to one hypothesis, technical progress is biased in such a way as to increase the
demand for skilled labour relatively to that of unskilled labour, and has sus-
tained its price in the face of the relative increase in its supply. According
to the other, there exists relative complementarity between cupital and skill,
and this, together with the fact that the stock of capital bas beer growing wuch

faster thar the labour force, has had the same offect.ll

The analysis will be restricted to the estimation ol a single level CLS

ageregnvion function for the eight major occupations, ard hence tie wariinal pro-

ductivity relationship represented by equation {(3) may he written
oY,
(6) v, = a, L?_l L=
it i 7it i
gL
i
where
Yt = GDP for the U.S. in year t
Lt = aggregate labour index in year 1
Lit = employment in occupation i in year t
Wiy S wage of occupation i in year t

and ¢ = (6-1)/6 as hetore.

11  For example, see Griliches (1969).
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According to the first hypothesis this relationship shifts as time passes,
and according to the second it shifts as the capital-labour ratio increases. A
simple way of modelling these effects is to make the purameter a, a function

of time and a function of the cupital-labour ratio, k, respectivelys

oY
- -1 1-¢ _t

(7) it = a;(t) Lig o Ly
oL,

Y
-1 . 1-9 %%t
ai(kt) Li, L —_—

t
st

=
1]

(8) it

Even if a satisfactory series for the capital stock had been available, the
inevitable multicollinearity would almost certainly have made it impossilile to
distinguish between the effects of the accumulation of capital and of tine, act-
inz us a proxy for technical progress. Hence no attenmpt was aade to estimate
equation (8). .

As a first approximation it was assumed that the proportional rate o! grruh

of the shift factor ai(t) wes constant, so
(9) a,(t) = a, e

where ai and Ai are constants,
The labour aggregantion function may now be written
1
At
iv ¢ )$
i

(2 a e L.
i

(-
u

(10)
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TABLE 11

Estimates of the parameters of equation (10)

Ai - XG t-ratio o, a;
(% per year)
Prof. and tech. 1.31 d.21 0.171 0.189
Administrators 0.93 3.35 0.185 0.201
Clerical workers 0.01 0.02 0.118 0.112
Sales workers 0.49 1.87 0.124 0.126
Craftsmen 0.14 0.54 0.133 0.132
Operatives - - 0.111 0.109
Service workers 0.03 0.12 0.086 0.G70
Labourers -0.,48 1.74 0.074 0.060

The parameters of the function were estimated using time series on emnloy-
ment and wages hy occupatiorn derived fron the Current Population Reporis, Scries
P-60 (sec Appendix 2).12 The estimate of the value of (¢~1) was —0.0U2, vitn t-
ratio 1.07, implyine an elasticity of substitution equal to 10.9, The estintes
of the remaining parameters for the different occupations are given in Tiuble 11,
In the absence of a time series for 0Y/0L it was not possible to estimate the
absolute values of the Ai , but it was possible to estimnte their differences.
Tahle 11 gives the difference hetween the value of Xi for each occupation and

that for operatives, A and the t-ratio for this diffcreuce. The fourth column

G y
rives the estimates of the parameters a, in aggregation function (A) of Firure 1,
for comparison with the estimates of the a, .1 1t may be observed that those
time series weights which in 1951 were lower than their cross-section counterparts
had ahove average rates of rrowth during the period, und those above their cross-

gsection counterparts had lower than average rates of growth. The two sets of

12 t was put equal to the calendar year minus 1951,

13 There was ro straightforward way of estimuting confidence intervals for the
o, and the a..
i i
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of estimates thus appear to he consistent with each other.

1t is worth mentioning that an attempt to estinate the paraneters of equation
(10) omitting the shift factors yielded a nonsense estinate for the elasticity of
substitution, as might be expected. The wvnlue of (¢ -1) was C.146, implying o

value of -6.9 for o.

As in the cross-section case, an estimate of the CES function was nmade with
the occupations aggregated linearly pairwise into four broader categories, and a
further estimate was made with these new categories in turn agoregated pairwise
to form the groups of nonmanual and manual occupations., The functions thus cor-
responded to structures (E) and (H) of Figure 1. The value of (¢ -1) for the
four category function was close to zero and insignificant, and implied o value
of 17.8 for & . 1n the case of the two category functioan, (¢-1) was positive,
implying a negiative value for O . The relative rates of growth of the shiit
factors were lower for the four category function than one wonld have expecter!
siven their values for the eight category function. lor the two categcry function
the relntive shift of the nonmanual occupations was actuully rnegative, The rc.o-
ults were thus poor for the four category furction and totally counter:rtuitive
for the two caterory lunction, It therefore appears that one rust disegeresite
at least as far as thie major occupations of the celsus classilication iy ovier o

; ; ; ; ' 12
ohtnin plansible results with time-series dnta,

Summary and conclusions

In the experiments descrihed in this puper hoth cross-section and ti (—=3c)ie:
data were used to estinate apgregation functions for labour. The estinntes derived
from the Line-series data may be expected to bhe of irreater pertinence for the iore
obvious applicetions of such functions, but they can at hest he deseribed o=z tentn-—
tive, given the problems of cstination and the soull nunber of obscervations, Yost

of the statistical annlysis was therefore coucerned with the rolatively slraipit-

forward estimation of aggregation functions from the cross—-scction data,

12 It ghould he noted that there were only 20 und 6 degrees of frcedom in the
estimation of the four and two category functions, respectively, compared with
48 for the eirht category function.
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The first issue to be investigated was that of choosing an appropriate cri-
terion for disaggregating the labour force. The results of Section 1 indicated
that both occupation and education provide economically relevant classilications,
since in both cases the proportion of the variance of wares accounted for by the
classification was statistically significant, und that therefore either could
serve as a basis for an aggregation function. However in both cases the proport-—
ion was small, as has been found in previous studies, implyinz that neither clas-
gsification could be expected to be particularly efficient in the sense that it

would yield a sharply defined aggregation structure.

In Sections 11 and 111 the elasticities of substitution heiweci the hasic
categories, and between categories agpregated from the basic caterories, were
estimated for hoth the occupational and the educational classifications from Crass-
section data for the states within the U.S., and it was found that they were alvays
significantly higher than unity at the 1% level but generally sigrnificartiy lover
than infinity at the 5% level. These findings cast serious doubts over the valid-
ity of the extension of input-output anilysis known as the manpower redairenerts
approach for the projection of the structure of the lahour force, since it denonds
on the assumption of zero elasticities of substitution hetweor diflereit 'inds of
labour. Even the Cobb-Douglas function would inply unrealistically little scon
for substitution and hence would also he inappropriute lor ag.vegating leaour,

On the other hand lincar aggregation would imply excessive scope for subistitutio:.
Thus it appeared that the genernl CES function would be i inprovenrent o sinpler

forms of aggregntion, at least lrom a theoretical point of view,

llowever it was possible to estinate, for both the cecupantional and the ednea-
tional classilications, several equally plausible CES structures at ' none could he
regarded as being more satisfactory than the rest. Migures 1 and 2 shiow them
schematically. In general the elasticities at the lower lovels of the Structures
are higher than those at the upper levels, as one wight oxpeet: adjacent cioto,or-
ies in the lower levels are likely to he better substitutes thnr: acdjueent ciote op-
ies in the higher levels, since the latter represent greater proportions of tip
lahour force and are nore lieterogeneous. 1f anything, the numerical results unee p-
state the relative reduction of the elasticities in the higher levels, since, lor

reasons discussed in Section Il, they nay he upwardly biased.
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Hecause the relationship between education and occupation is complex, it is
difficult to test whether the structures based on the two classifications are con-—
sistent with each other. llowever, since there exists some correlation hetween
them, persons helonging to the upper half of the educational clussification tend
to belong to the upper half of the occupational classification, and vice versa.
One might therefore expect that the elasticity of substitution between their upper
and lower halves wonld be similar for both classifications. Among the occupation-
al structures, (C), (F) and (H) contain splits between the upper and lower four
basic catcegories, and the elasticities of substitution between the halves are 5.3,
4.1, and 1,1 respectively. Among the educational structures, (B), (D), ard (E)
contain such splits and the elasticities are 5.2, 4.5, and 3.4 respectively. The
similarity of the ranges for the elasticity suggests that the structures are at

least in this respect mutually consistent,

All these estimates were obtainerd {ron the cross~sectior data. In Section V
it was ohserved that in recent years skill differcntials have not heen filling in
the U.S, and the more industrialized Luropean countries in spite c¢f the coiti:ned
relative increase in the supply of skilled lahour., 1t wis hypothesized thet tiis
might be due either to relitive complementarity betweer cupital and shilled la.ovr
or to technicul progress bhiased in the direcction of increasine the depapd {opr -1111-
ed laliour, The CES function approach wns extended tcecordingly ane tested -t tisi=
ifcallvy usin. tire=series dota for the UoS, s o wholeo  Ube anadity of the resajts
varied with the {ireness of the occupntional clussiticution,  Those {or <he o bt
viategory classitication apneared pluusible and were consi-tert witi, tiejiv cross-
section counterparts,  Those Ffor the four cutesory clagsificition were less ren:opr-

able, und those for the two caterory classification were unre.listic,

The results assenbled in this paper indicate that, lor the purpose of estimn-
ting total prowth in output due to lubour, a tise-dependent CiS furction with a
fine classiticution of lahour should yvield the most anccurate prediciions, providing
that the shift parameters cion be estinateds  Ctherwise therce 1s little to he wviined
by going bevond ware-weighted lincar spgregution, as the sensitivity sanlysis of

Section 1V shouws,

i'or educational planners the most obvious implication of the results is that

the nanpower reguirenents approach should be asbundoned, Indeed rate of return



annlysis with constant relative wage rates, implying an infinite elasticity of
substitution, should be a much better tool for planning, at least in the short
run. However, since such analysis is sensitive to changes in wage differcentials,
and since these in turn are sensitive to the specification of the aggregation
structure,13 it would he much better still to use the CLs function approach to
ohtain a feedback relationship between the growth of the different levels of the

educntionn] system and the rates of return to them, via the growth of the lahour

force and the structure of wages.

Throughout this paper the word "experiment'" has been employed when referring
to the various forms of statistical amalysis undertalken, in order to emphasize
the spirit of the investigation. The CES function approach has been closen he-
cause it is an ohvious and convenient starting point, an! hecause it appears to
survive the appropriate statistical tests. llowever the underlying relavicnshins
hetweer the different types of labour are undoubtedly muck less sinples evern wita-
out takine into account the effects of capital intensity and technical procress,
and of course hoth of these bring additional dimersions to the prohlem. [hus te

most that can ke hoped is that the results are sugeestive and help to deveiop «

fecel tor the prohlem,

13 The sensitivity aunlysis of Seetion IV was ol course coniined Lo stractares
estimated from the cross—section data, It secws reesorable Lo supsose that
the estimotes of wage differentials would also he seusitive te the soeedibioa-
tion of the structure in the case of functions estirated frow the Lite=series
data, which would he more relevant to the planning of education, Ip view ¢f
the wide dispersion in the shift parameters in Table 11, it is certuinly rue
that the single level time-series function yields estimutes of wape ditrerert-
ials very different from those obtuined by linear acrregation, except in the
short run.
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Appendix 1

Sources and treatment of the cross—section data

used for ectimating aggrewation structures

The data for the occupational and educational classifications 1n Sections Il
and 111 were takern from Tables 124 and 138 respectively of Chapter D of the state

volumes, PC (1), of the 19G0 U.S. Census of Population,

Tahle 124 gives, for each state, the earnings in 1959 of nales und leianles,
separately, in the experienced civilian lahour forae for eleven major occupationra!
headings, most of them broken down into & nunber of subcategories. 1t wus decided

to exclude two of the headings, "farmers and farm wmanagers", and "farm laborers

v

and foremen", on the ground that farm workers are relatively iwmobile an' terd
forn a separate lahour market. The headings "private household workers! apd

Nservice workers, excluding private household", were aumaluanated into o siy -l
category lahelled "service workers'". The renaining seven catepories, ard i
category "service worliers", were used as the hasic occupational caterories n)e a:e

listed in Section 11.

Tahle 138 pives the income in 1954 of males and ferales 25 yeirs cld qvd over,
by vears cf school conpleted., The data for education arc thns less satisfacicrey
than those for occupntion in twoe respects: incone includes, in additior Lo eori—
ings, such items us rents, roywlties, interest, divideri's, sceial securivy hoerelidg
and other pgovermient transfers, aund contributions for support iroi persci: nnus o
the household, which are not reluted to the productivity of tie individnais Lortio
more the data only cover persons aged 23 or nore, and therefoere exclude & sifriti=
cant proportion of the laubeur [orce. The eisht educaticnal categories siver ii Lhe

tanhle were userl as the basic categories ant! are listed in Section 111,

l. wapes

1n reither table was the mean wage for cach lahour cuategory given directly.
Instead, nine wage intervals were defined and the number of persons helonging to

each given. The wean wage was canlculated, for both sexes separately, by taking a

/



representative wage for each of the intervals and then computing the average of
these weighted by employment within the intervals. Choosing u representative
wage for cach interval was complicated by the shape of the income distribution,
which made taking the midpoint of the interval inappropriate. Several methods
of nllowiny for the non-uniformity were considered, and the following, which
appeared to give plausible results, was adopted,

Given three equal adjacent intervals, A, B and C, with employment a , bh

und ¢ respectively, the mean wage of interval B was taken to lie
(a + 3b + 2c)/(5a + Gb + 3c)

of the interval ahove its lower bound. This expression is the result of suppos-
ing that the employment frequency distribution within interval B is linear, that
the value of this distribution at the lower limit of the irntervel is pronorticin!
of tle dis-

to the average cemployment in intervals A and B, and that the valw

tribution at the upper limit of interval B is proportionil te the averice ciplev-

ment in intervals B and C,

\\/

a+h

2 ///’/j:;/ h+c¢
L/ 2

l s
II/ i
—) —>

C

o~

A

assumed frequenrcy distribution for interval i

1 interval R has size vy, and the frequency distributior fns values Atasbjz,

#(b4c)z at its lower and upper limits (z being an unknowt corstarty, then

total employment = b = %(u +2b +¢c)yz
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and .
mean wage = lower limit 4+ %E(n +3b + 2¢)yz /(total employment)

lower limit + (& + 3b + 2¢c)y/(8a + Gb + 3c)

When the wage intervals were unequal, say when A, B and C had lenpths v, ¥y

and w respectively, the mean wage of B was calculated to be

X a + 3b + QX'C
v w

lower limit + y
Iv I"
d=a + 6b + 3~c

v W

The first wage interval (§0 to $#999Y or loss) was always given a nmean of §700,
The last ($10,000 ard over) was always given a mean of $21,100, using the valne
of 1.9 for the Parcto constant estimated by louthakker (1959). The nean of ihe
second highest wage interval, §£7,000 - §9,949, was calculated on the assunption
that it had the same skewness as the interval just below it. The weans oi the

remaining intervals were calculated by the nethod outlined above,

This set of computations was carried out for every hasic occupution fepr lLoth
sexes in every state. llence, for example, the mean wape of the $1,000 - §i,00
4

interval for males in occupation 1 was §4,534 in California, §4,497 i Missis i-9i,
{ ’ s &'ty

$3,000 - 3,999 $4,000 - §4,99v F0yubu = £0H,04Y
Californin 25,365 D5, 06U8 56,707
Mississippi 1,022 4,121 By T

cmployment of male professionals

The weun wupe of occupation 7 ("Private houschold workers" upd "Service vorl-
oers, excluding private houschold® combined) for euscit waye croup, e thus for the
wage distribution as ¢ whole, was calculated using the wage/employment distributian
for "Service worhers, excluding private houschold" only. 1L was assunoed liat om-

estic workers would receive part of their income in kind, and therelore tont their
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earnings data would bhe misleading.

The wages for males were used as the dependent variable in ecuations (4) and
(5), and are given for occupation and education in Tables 12 and 13 respectively.

Similar tables were calculated for feumales.,

2, effective employment

Tables 124 and 138 gave both male und female employment for each category
for occupation and education. It was necessury Lo aggregute togetier the sexes,
and this was accomplished by assuming that the ratios of female Lo tale wages
could he used as efficiency factors for converting female employment into equi-
valent male employment., The efficiency factor takes into account hoth the fact
that fewer women than men work full time and the fact that the productivity of a
woman may differ from that of u man in the sume occupational or educational coteg-
ory. The effective employment thus calculated served as the independent variatls
in equations(4) and (5), and are given for occupation and education in Fabics 14

and 15 respectively.



tean earnings in 1959 of males in the experienced
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civilian labour force, by occupational category and state

Alahama
California
Connecticut
Florida

Georgia
Illinois
Indiana
Town

Kansas
Kentucky
Louisiana
Maryland

Massachusetts
Michigan
Minnecota
Missouri

New Jersey

New York

North Carolina
Ohio

Oklahomn
Pennsvlvanin
South Carolina
Ternessee

Texas
Virginia
Washington
Wisconsin

7648
9771
9525
7932

7820
9274
8356
78417

8013
7416
7895
9889

8649
9445
5218
8126

Y782
9545
7246
8910

T8T0
8OTY
7169
7690

R23G
G215
“R11
8248

(current dollars)

occupational

2

8017
10485
11160

8127

8132
10775
9305
8626
8747
&17¢&
8494
10371

9r41
10100
419y
9128

10778
1019¢

7736
10024

8075
4492
7431
&144
I
8T
Unhll

9435

3

4686
5390
4987
4483

4431
5191
5045
4782

4849
4556
4654
5384

4611
5415
4932
4763

5272
4837
4228
5166

4800
4853
4142
4309

4757
H2186
5234
50564

4

5148
7270
7193
6069

5762
7784
6308
5996

6255
5390
5585
6608

6517
6398
6435
6510

7579
7431
dley

6707

5670
6194
4754
5390
6060
D443
6519

635

4532
6523
6044
4724

4254
6561
5889
5075
5149
4707
1855
5622

5535
6521
543

HisY

Go9y,
6001
38T
G119
46Y 1
5561
403
4350

49 <
18 0GH
6006
5746

category

6

3351
5138
4817
3463
3080
5070
4800
1642

4475
3157
3788
4288

435057
3925
4514
4278

4906
46-i0
3071
5007
3967
4420
2958
3346
3971
3459
1987
4850

7

2609
4221
3958
3063

2579
3965
3480
3101
3075
2866
27817
3707

2732
3989
1518
3209

4001,
303
R LN

R e

1
[P

20694
A ANRY
2508
N

2556

2795
a0
S8A0
3765

2164
3829
3609
2420

1964
4868
3334
S298
3056
2501
2364
3072

3797
SHIN
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Mean income in 1959 of males aped 25-64 in the experienced

civilian labour force, by educational caterory and state

Alahama
California
Connecticut
Florida

Gteorgia
Illinois
Indiana
Towa

Kansas
Kentucky
Louisiana
Marylond

Massachuscotts
Michipgan
Minnesota
Missouri

New Jersey

New York
North Carolina
Ohio

Oklahoma
Pennsylvania
South Carolina
Tennessee

Texas
Virginia
Washington
WYisconsin

9745
11087
11918

9269

10033
11263
10227

4382

9611
8315
9939
12049

10627
11008
4923

9847

11974
11247

90828
10930

96546
10699
9014
9534

9994
11302
10118
10063

educational

2

7186
8201
8715
7076

7424
8635
7639
6812

7349
6865
7589
8655
7682
8469
7500
7425

8OGE
8360
6700
8186

G8HT
7713
6455
6994

7513
8200
7559
7478

(current dollars)

3

5687
7206
6988
57843
5698
7076
6508
5741
5383
5751
6161
6784

6245
7036
6214
6028

7101
6701
5091
6721

5790
6098
5107
5698

(251
6002
6656
6322

4

4363
6184
5944
41765

4402
6223
5541
4958

4073
4881
4975
574

5213
HUTR
5355
H241

6191
ou0Bk
4037
Ha0s
1723
5258
4099

4422

50838
4931
H616
5607

category

5

3458
5052
5054
3771
3537
4974
1337
3860
3944
3583
1116
4017

4308
4407
a967
4021
51753
4700
32743

4584

3674
1364
3254
3308
4062
1166
1180
4837

6

2718
4315
4485
3169

2850
4190
3746
3226

HNYD!
28x0
3347
vl
G830
‘r }. _‘()
3174
SR RLY
1516
AutT
2757
39904

2057
RIS
2744
2703

J3uR
3301
3704

3765

-~

1832
4329
o457
2378

lan2
3208
2054

23:1

RO S
2004
226Y

2034

3050
ALl
&,\.::{ (3

22049

20541
2805
18856
1921
20449
S
2002

2751

1360
2677
2738
1919
1383
2837
aH32

BRIV

Qo010
115
1615
2307

Sd6s
OERNEL S
2050
1o 27
2082
28638
1bn

2502
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TABLE 14

Effecltive employment in the experienced civilian labour

Alabama
California
Connecticut
Florida

Georgia
11linois
Indiana
JTowa

Kansas
Kentucky
Louisiana
Maryland

Massachusetts
Michigan
Minnesota
Missouri

New Jersey

New York

Naorth Carolina
Ohio

Oklahoma
Pennsylvanina
South Carolina
Tennessee

Texas
Virginia
Washington
Wisconsin

force in 1959, by occupational category and state

70176
645653
101370
136201

84628
324886
131082

71258

67322
60352
77971
121948&

197526
2472561
105882
115247

284076
(58579

91780
2056448

706064
338210
44002
82112

2736569
113572
103157
110550

occupational

o

72215
492496
76180
167403

102887
277079

113018

72085
63634
62019
82445
85916

142265
153468

94679
111385

1849908
550148

GT3817
240050

67124
267541
46058
79977

284201
362560
BT70675
Y6578

(equivalent males)

3

80177
670850
115020
153041

118574
473667
157394

77775

70644
73786
85134
136623

238370
267169
114779
166281

2809 69
940118
108764
3549 78

73094
440364
50843
101995

308351
132041

09675
124982

4

48590
343796
51700
102214

67260
202592
82671
52870

41824
465406
46563
O8Ts1
108372
146274
649 34
86324

127704
374649

76698
182112

iyl
228938
37424
62349

175070
68127
H5GETH
71681

145296
833805
164340
239097

163236
554124
258901
116539

166&11
122455
130738
166660

285H270
45724
157205
148354

352382
5360106
189341
555777

110585
6400066

94374
155399
440885
181099
155042
204883

6

199781
793109
191108
191328

263442
665409
147287
136106

47254
177304
159382
161277
37394
GOuAdG
ieuaey

260830

380G |
1685855
5516545
(Y6863
104460
5405184
181677
289188

164147
221074
13637
278848

category

7

76770
403963
61608
147901

1065606
259883
105574

#1663

44714
571421
&496H
71107

1410561
120041
&) 239

1627056

147646
HHAHG
Tos467
215404

51508
275471
4724

6340

o SR s |

RUESEINN
eTT0D
T0604
86303

80101
266288
34151
101279

151916
00076
43682

[
SUETe
RIOT T
Hhuolo
TAHNN
1200006
HH0C !
74761
L7603
sHaall
RIS IRI8 A

143074
LTary

2060285
H1790
70111

152501
~1170
55080

(319 34
653306
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TABLE 15

Effective employment in the experienced civilian labour

Alabama
California
Connecticut
Florida

Georgia
Illinois
Indiana
Towa

Kansas
Kentucky
Louisiana
Maryland

Massachusettis
Michigan
Minnesota
Missouri

New Jersey
New York
North Carolina
Ohio

Oklahoma
Pennsylvania
South Carolina
Tennessee

Texas
Virginia
Washington
Wisconsin

force in 1959, by educational category and stute

6356717
626265
100353
155902

84600
303698
113713

68269

67796
54197
75790
113940

189240
203894

Y7085
168761

221937
50449

95675
268370

70309
305148
16010
72152

280704
120692
103394
100697

educational

2

59191
721323
15783
163221

856023
301142
11073

73342

70650
56586
63584
80039

160976
196559

97821
10&903

16841
H503H42
90607

248125

73164
240763
10438
71753
288674
97918
104841
101996

(equivalent males)

3

168432
1371246
196960
381774

205526
760297
486082
236064

187928
139646
160671
201453

457231
563245
245641

2049840

453300
1287507
236653
7569904

155305
8ROT759
106338
185339

ST2868
2879171
2598846
299609

3|

179147
1038172
1706406
315653

204037
652936
287154
1352756

113457
126138
134299
1844717

3620206
5261567
1539165
2334436

421460
12320360
236218
6471956

1866173
742871
110724
168136

EREIH R
208041
17207
195328

)

948177
717999
168425
241253

107759
728061
305140
220056

166112
213412

BTRT3
133468

278445
175480
205646
3662461

371005
1085252
126120
586018

182273
765160

59056
195173

306793
10116Y
169080
4149364

6

2044643
488785
113017
233480

261721
413618
184719
105033

721743
178042
184799
194871

10167
298511
126892
218465
2904044
707055
R
L1758

112947

HETIAN

156315
217880

4840640
279674

2CT0L
170063

category

-3

137614
221084

J3187
134068

191651
166914
G124

25728

24400
118208
15020492

66761

SEROT
114294

J95U5

ud01y

96616
2650 08Y
207393
1371503

G670
181726
115667
149542

deido
13442
Condd
HoQ9 0

10363
1008¢% 4
221056
386K

16291
HARA3G
1200

D015

1420
20114
G322

13640

4696
Ja6060
o130
20138
16600
1RHR:
J6G3

39 14

RS IR
THTTH
GUH60
uld48]
113460
i)
Todir
1190



Appendix 2

Sources and treutment of the time-series dila on wapes

and employment hy occupation in the United States

The datn used for estimating the tine-series aggregution function in Section
V were talern from the Current Population Reports, Series P-60, "Incomes of Manilics
and Persons in the United States'", published by the U.,5. Burcau of the Census,
These give the income received by persons age! 14 or mnore in clever major accupa—
tional categories. IFor the same reasons as in the treatnent of tlic cross—section
data, the two farm occupations were excluded, and the cutegories "private house-
hold workers" and "service workers, except private houschold!" were conhined into

n single categor "gervice workers',.
14 Y

The definition of income covers all money incone ard includes rents, rovol-—
ties, interest, dividends, social security henefits, etc., 11 adcition ic CHULNES,
and is thus much hroader than would be desirahle. As in the cese of Lhe €ross-
section datu, the mean income of eacli occupation is not wiven directly. lnstecd,
for cuch occupation, the percentage distribution over a sorics of incone intervals
is tabulated. llence it was again necessary Lo estinite & represel titive ircore
for each interval, taking into account the shupe of the ircone distrivation [or
the occupntion, apd to caleculate the weighted average over nli the intervals, or
this purpose the procedure described in Appendix 1 wes foellowed witiout codilic =
tion. The estimates of menn income by occupntion for rales for the veirs 1udl-

19G7 nre shown in Table 16. A sinilar tahle was calculated for fennles,

Effective esployment for ench occupntion for ench year wvas calenlited in thie
same way as for the cross—section duta, that is, hy comhining male cnployient pnd
femnle employment weighited hy the ratio ol uwenn fenunle licome to sean rnle incoise,

The estinates are shown in Table 17.



Prof. & Tech.
Adniinistiretors
Clerical wkrs
Sales workers
Craftsmen
Operatives
Service wkrs

lahourers

I'rot. & Tech,
Administrators
Clericul wkrs
Sales workers
Craftswmen
Operatives
Service wkrs

labourers
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TABLLE

16

Mean income of males in the United States,

19561

5003
5346
3418
4028
3760
3008
2548
2284

1951-1967, by occupational category

1953

H986
6248
3944
1108
4316
4507
2908

(current dollars)

19565 19567
62843 7340
68317 7482
4002 44564
5104 49868
4518 4951
d612 4060
3051 3165
25589 2904
TABLE

1959

gaaz
Heqe
4860
5173
54056
4240
3593

dl62

17

1961

817€2
9134
5132
5770
5716
4639
3751

31943

19G3

9248
9337
5154
£525
(133
19568
4004
3401

Effective employment in the United Stites,

19511967, by

occunational cutepury

1961

4048

5769
2581
8419
10329
50417
3363

{ thousand cquivalent naies)

1053

4430
H386
H615
2841
7084
10674

3250

19646

4360
5670
6341
28056
7957
11231
5678

3545

1957

ouTy
5975
6454
2037
80GH
9792
62506

3063

195Y

H84H
6286
G765
2942
8136
103917
gas2
3032

1441

G140
604
TGH
3024
A0xd
QY8
65142

9G 34

v 6s

GT4H
G819
Th061
3612
S350
1068
GHOK
G044

1965

9R38
16152
HTLY
7109
6608
5307
4265

364

SHAT
ROV
11641
TTH17
a126

1967

115404
12191
Bt
7966
T4R1
5071
4955

410

et

Sa24d
7015
2601
3TH
I
1775
627
J164
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Appendix J

The contributions af occupation and education to the

variance in wages 3 gource and treutment of data

Tahles 2 and 3 of Subject Report PC (2) 7B, "Occupation by Earnings ard Lduca-
tion", of the 1960 U.S. Census of Population give the earnings of male workers
cross—classified hy occupation, educution, age and race, for the lorth and West,
and the South, of the U.S. respectively. In order to improve the comparahility of
the results of the analysis of variance, the nine occupational categories were
reduced to the same number as the educational categories, six, by eliminating the
datn for "farmers and farn napapers" and "farm lahorers and forewen", and ty com-
bining "operatives","service worhkers" and "laborers, excepot :art and rine' irto a
single caterory. The six caterories are listed for both occupation and clucation

in Section I,

Earnings for each category were given in the form of the nunber of nersors be-
longinr to each of eleven earnings intervals., Becuuse the hicliest wwo cells oo
in meneral small they were merged. The resulting ten irtervels were: (1) §1 -
$999 or less; (2) $1,000 - £1,999; thousand dollar intervals until (8) §7,000 -
$9,999; (9) £10,000 - §14,999; and (10) §15,000 and over. depresenteiive eiri=
ings were tuken for cach of the intervals: (1) §500; rising by §1,000 fop eoch
category until  (8) §8,200; (v) $12,000; and (10) §33,000. The loust fioure wis

calculate! using a value of 1,9 For the tareto corstunt.

In order to abstract as far as possible [rom the eftecis ol age, reee ur.
region, the analysis of variance was calculated for eucl of sixtecn sroups of ol -
servations formed by the cross—classification of these variables, iue ertinotes
of nean incomes nnd Lheir standard devintions ebtaived from Lihe onc-wny aralysis
of variance arc piven for occupution and education in Tehles lg and 19 respective-

.

ly. Similar estinautes were obtained for the 36 categories it tyo=u. * ouolvsis o

variance hased jointly on occupation and education,
) A H
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TABLE 18

Means and standard deviations of the

earnings of the occupational categories

Age 1 2 3 4 5 6 R
Whites
North  25-34 6900 7861 5044 6680 5771 4723 L0177
(113) (155) (164) (173) (99) (&1)
35-44 10456 10671 58171 8733 6362 5167 . 141
(183) (182) (250) (248) (134) (119)
45-54 11449 11204 5802 8507 6075 4856 .165
(244) (199) (293) (296) (155) (136)
55-64 10893 10750 5457 7556 5615 4314 .166
(310) (238) (339) (344) (184) (159)
South  25-34 6487 6949 4697 5829 4735 3790 L1601
(191) (223) (262) (257) (151) (1z6)
35-44 9698 9067 5427 6871 5278 4058 149
(303) (265) (415) (376) (206) (197)
45-54 10159 9413 5230 6965 1793 373 .161
(422) (299) (526) (468) (248) { 236)
55-64 9345 9065 5021 5885 4400 3200 . 168
(573) (382) (641) (589) (337) (313)
Non-Yhites
North  25-34 5076 4750 8078 4000 4159 3595 063
(299) (858) (2538) (85%) (z24) (105)
35-44 7009 6446 4649 4500 1631 3951 L1600
(454) (604) (358)  (1258) (260) (150)
45-54 13040 3450 4735 - 4623 3741 957
(958) (874) (519) (312) (146)
55-64 7350 2000 4625 - 1123 3520 110
(1139) (805) (569) (343) (139)
South  25-34 11689 - 3756 - 2670 2200 .124
(311) (332) (181) (71)
35-44 48170 2000 4071 - 2740 2517 104
(434) (970) (367) (194) (=0)
45-54 5450 2000 4125 - 2691 2388 123
(549) (672) (475) (207) (n4)
55-64 3500 1500 3000 500 2062 2176 .025

(1308) (755) (925) (1308) (285) (108)

- no estimate for lack of observations



Whites

North

South

Age

25~34

36~-44

45~-54

55-64

25-34

35-44

15-54

55-64

Non-Whites

North

South

-—

25-34

35-44

45-54

5H=-64

25-34

35-44

45~54

55-64

no estimete for lack of observations

- 49 -

TABLE

19

Means and standard deviations of the

earnings of the educational categories

7556
(115)

12142
(183)

13836
(246)

13386
(336)
7294
(185)

11445
(292)

12931
(422)

12228
(595)

5215
(3e8)
8578
(512)
13040
(963)
7350
(1163)

4213
(322)
4027
(410)
5450
(550)
3500
(1319)

6222
(133)

8785
(205)
9343
(260)
9226
(346)
5761
(213)

7985
(332)
9086
(432)

8466
(606)

4356
(273)

5389
(426)

4500
(761)

4500
(1163)
3167

(294)

3900
({608)
3500

(953)

5747
(83)

6956
(118)

7308
(166)

7377
(257)
5171
(139)

6410
(206)

6735
(203)
€043

(479)

4067
(160)
4752
(221)
4617
(364)

4000
(520)

2750
(167)
3000
(220)
3222

(318)

2500
(1319)

5278
(102)

6014
(142)

6305
(166)

6327
(285)
4526
(160)
5286
(234)

5363
(283)

5489
(406)

3714
(152)
4243
(202)
4055
(296)
3950
(368)

2489
(129)

3000
(167)
2786
(228)

2046
(398)

4622
(157)
5303
(190)
5399
(170)

5360
(177)

3782
( 242)
1504
(320)
4566
(329)
4475
(394)

5478
(254)
3944
(272
3072
(283)

3625
{2vl)

2411
(186)
2682
(205)
2706
(231)
2333
(311)

4049
(195)

4633
(247)
4776
(e11)

4676
(193)

3221
(185)
3721
(230)
3711
(240)
3571
(286)

3208
(211)
3720
(212)
3662
(189)

3501
(161)

2123
(101)
2047
(v4)
2212
(v0)
216¢
(110)

R

.064

. 140

+ 161

. 142

. 180

. 184

. 195

. 169

o LiTh

. 173

o 250

071
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Appendix 4

TABLE 20

t-ratios for the estimates of the pairwise elusticities of

substitution between the eight basic occupational categories

2 3 4 5 6
1 2.0 2,1 0.2 0.9 1.7
2 5.8 2.0 -0.& 1.5
3 3.6 3.0 2.6
4 ~-3.8 0.3
5 1.7
6
7

TABLE 21

1.3

0.2

d.2

4,7

2.2

1.6

t~-ratios for the estimates of the pairwise elasticities of

substitution Letween the eight hasic educational categories

2 3 4 ) G

1 1.9 8.3 1.1 ~-1.1 6.8
2 0.4 2.4 ~-1.0 4.9
3 3.0 0.1 3.4
4 Jd.4 2.4
5 1.9
6

7

-3

/1.9
‘1.4
4.2
3.9

4,5

Dougherty/190



