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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
 

a
of estimating total growth in output due to labour, 


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. In 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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LABOUR AGMUrlAT1ON FUICTIONSESTIMATES OF 

theory of producLion has inevitably
 
The progressive sophistication of the 


of labour as a hon,ogeneous input
with tile treatment

generated dissatisfaction 
it. At the sane tine the surge oft 

attempts to disaggregateand has stimulated 
an additional powerful in-petus

has contributed
interest in edtcational planning 

Ilter
the need to inprove ujiderstandii_' of the 

in this field throughto research 
labourthe structure of the 

education, productivity, and 
relationships between 

force.
 

bel og to ole or tile 
All studies of Iahour d isaggregation autonaical ly 

of criteria chosentheir use the 
two eneral approaches according to

other of g 

labour. In one approach thi, c riO,,ria are 
for idelti'yg difterent types of 

nunber nutually exclusive c. e .ri. 
the force in.to a of

used to classify lahour 
Ii. 

as separate aLd independent tf.c-trs; or prodiucti en. 
which arc, tihei. treoted 

thenselves tire quaurit'ied aod trti;eit, as tactr,1-: of, 
the seco(ld, the criteria 

produc tion. 

cmp],ye,' either orccu',:Lior
which hats almost invariably

The f'irst approach, 

fir c:ssi ic,.ti:, ::'
veTrs of schooling, as a bi;.-is 

or, in al: ordinatl sense, 

by cduca iuntll laiars i, a! (2-,L to 
witI liost enthusiasmbeen developed 

rii cftto ,',.,- "o i.t;(taijgi lle u,:;co
the :rwth o[' an ec onomlly in a a id 

relt, to 
The secol.d a)prolch , whichsv-tem.On Lite educationalderived d,,t,:lnds inmposd 

riteria,
of skill or .ducation a.,, 
has usually ep loyed wage-weighted meiksures 


of' indexes of labour Offticiency and the te:ory of
 
the constructionembraces 

4i acc erl;.t li rg for 
has been i used primarily for the purpose

human capital a ;rd 


growth.
 

fur.ction.s h;:s he, ,'one

oi, aggretrate production

So little empirical work 
i,ore
 

that it would be premature to speculato which is 
with either approach 

to date using the second approach 
or promi sing. The only researchsatisfiactory 

Layard , ;eorge
to Yoran, ben-Porath Zvi Griliches, Richard

I am indebted 
and suggeitioas.Wood for helpful criticismand AdrianPsacharopoulos 



- 2

has been a series of studies by Griliches, 1 who has estimated Cobb-Douglas 

functions for the agricultural and manufacturing sectors of the United States 

with a labour quality index, usually based on education, as an argmient of the 

function in addition to labour and capital. 

Within the first approach, Leontief input-output analysis gaitred widespread 
and, on the whole, uncritical acceptance when Parties (1962) us. d it as the basis 

for the manpower requirements approach to the planning of education, and nitil 

recently it has not suffered serious challenge ir spite of the f'act that no 

evid: nce has ever been produced to support the assump1tiols imiplicit i,! this 

specification of the production function. rie most important ask--iiipti on, of' 

course, is that the elasticity of' substitution between difrferent types of labour 

is equal to zero. It is tatural to questioi; whether this is in fi.ct th, crase 

and to hypothesize that tie wore gereral constazt elasticity of s'istititioi. 

(CES) function might he more realistic. 

A pioneering, step towards testing this hypothesis has liie tal,,ii bY fiowlio 

(196.9). Classiflying labour into three categories (perso.is aith l eSS L..i! 0I1 :I.; 

eight to eleven, and more than eleven, year,- o sc hooIlil.,_.), Ile s,.,i O.i :,l , Ae' L 

and wtgo ;'ata from twelve countries to derive e.,timate.- o th, ,ll.t-ticitv -F 

substitution h,,tween each pair of categories. The elasticity betVeeii tho hi, rhf r 

two cut grories was not sipvi Nicaltly Iid fl reit fro., i i'iii ty, ae !ie.x (1-o v 

could he a,,;!4r(gited linearly into a sigle category. Itwivs OSt , I. L0 t 

eo asticitv he-ti'e, this ai:d tiO relili .i category to b, ei :r:t. IC.0 

stricte ai: ag,,r elre ati ol furctiofl for the, on -ri 1l I three cU te-ei'iie.- ,, Lt., [r'.i 

of a two-level CES function. 

In tl,v experin:ents described in this paper, whi ch ; onOI . U tLt, 'r t 

approach, liowles' techniques were developed for the pttrpos(, (i' co, : tructi . 

more de tai qledagrpregirLi on ['uicti ons. Two skparate classi FicLLions of i1ihour 

were used, Ote IIf i it;,' cate-ories by occuna Li on, the other !,: ji. . 

edlicatioiitl level. For loth classifi'caL ions employment and W,,-. ,i,.i .[0f 
American states were used! to estimate pairwise elaisticities ,t' ;.Ih;i tii ol. 

between the categories, avi,, hence the pair:u:eters of mul-ii level CL5 lturctios 

Notably Griliches (1963) azd Griliches (1967). For a snlimary of theiv w11ol, 
series see Griliches (1970). 

I 
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estimated. Needless to say, there arise a number it theoretical issues ilwere 

the estimation of such aggregation functions, particularly ii the choice of' 

assumptions and in the interpretation of tile results. Since i.any o these 

there would he little point in covr-Iissues are carefully discussed by Bowles, 


ing them exhaustively here. Instead the more important problems will he ,Ois

cussed when considering the results of tile experiments.
 

ihe art-ted for defining labour categories either by occupatio(lCases can 

or by educational level. These are examined iii Sectioni 1. 1jectio :s 11 anrd 

Ill describe the estimation of aggregatioin funetions using the occupaLional 

and the educational definitions respectively. Section IV gives a.l account 

of sensitivitv analvsis desi- ,ned to assess the consequences of' taking one 

function ii:stead of ai('ther. Sectio V disspecification of the aprgrega tioz 

prohlen of reltcusses the behaviour of' the wage structure over time and the 

labour and capital. The coicltiuding secttive complementarity he tweer skilled 

ion discusses the iiiplicatios of the results. 

The classif'icuti.on of' lahour inputs 

lil.e to identify all the charcttri sLics r4.s,)oj:;il'leIdeally on~e would' 

for the difter(:,ces its productivity hetween individtals and to devist, It claszi

fication sYstem hased lipoit thlem. At present this obljec'i ve reMais I' r *. t. o 

rea clI. lIl hO f'i rst lace , in the abseice of a d i rect r et sI r( of the tiroduc t

ivi ty of' all ind ividual, his wage has to serve as a surrogate, enitatji inc w ll

known, but often exaggerated! problems. Secondly, none of the orowjni!i nijili;er ot' 

studies on inollie genteratitg fuiictions has accounted for wore thll l, 

in the wage. Perhaps the most coniprehei.6ive studyproportioni of the variance 


to date is that of' lanoch (1965), who, usin,- data from the 1 it; 11000 sai.ple of'
 

the 1960 U.S. Census of' Population, i nvestitrated the effects of' sucji v;ri hl,.s
 

as education, occupation, age, race, geographical location, type of' residoece,
 

origin of birth, mobility, watrital status, numher of chiidrei,, as :,iany as .I(1
 

for at miost 35 of t,,.evariables (mostly dummies) in all, and could accouiit 

of' males aged 25-64.variar;ce in the eariiiiis 

Thirdly, is Wood (1969) has emphasized, there is little understaiing of 

http:classif'icuti.on
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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 easily measurable characteristics of the individual, and each wiay be merely 

an instrument for one or several true underlying characteritics. directly rela

ted to productivity. This problem of course arises in any form of statistical 

anaysi.p~gpqqj~qs i gnificanc e of the coefficient of t1q.einstrun en al 

variahie should rule out the possibility that the association between it and the 

true characteristics is fortuitous. So long as the true characteristics and 

the instrument maintain a stable relationship with one another, such substitution, 

matters only to the extent that it impairs perception of the nature of the eco

nomic process under investigation. However if the relationship is not necessari

ly fixed then the coefficient of the instrument means little. In this case the
 

consequence of being satisfied with the instrument, if one or more of the true 

characteristics can he controlled must be inefficient policy. 

In view of the low. proportion of the variance of the wage accounted for i. 

income generating functions, it is clear that any aggregation function "or lalo:r 

based on conventional characteristics will he a poor predictor of the wavre at the 

level of the individual. Nevertheless, through the simple operation of the l.a11. 

of Large Numbers, the prediction of the average wage of a category ag n whole nv 

be relatively accurate. Therefore in the empirical investigation below, the 

aggregation functions and the properties derived from them are intended to applQ 

only to categories and not to individuals. 

Of all the measured characteristics of labour, the only ones wich rc,-tWa'rly 

appear cross-classified by wages, outside of such specialized surveys as the I in 

1,000 sample, are occupation, education, and industry of employment. lor lack of 

data other characteristics will not he taken into account when choosina criteria 

for a labour classification. Furthermore industry, being tenuously connected 

with the personal attributes of an individual, will also be excluded. There re

main therefore the possibilities of classifications based on education, occupation, 

or a combination of the two. 

Both education and occupation appear prominently in income generating I'uNC 

ions. In order to ohtnin some prior indication, of the relative promise !eW' the 

estiniation of aggregation functions of the. two classifications, thU varianLce in 
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the wage accounted for by each separately ajid for thent both together was estimia

data and holding constant as many other variables as possible.ted, using the same 

and 3 of' Subject ReportSuitable data for this purpose were found in Tables 2 


PC (2) 7B, "Occupation by Earnings and Education", of the 1960 U.S. Census of'
 

Population, where earnings of male worhers are cross-clhssified by age, race,
 

(North -nd West / South) in addition to occupation andand geographical location 

increases witheducation. Since the proportion of the varia:ce accounted for 

the fineness of the classification, the same number of ca tec-)ries, six, were used 

for both criteria iin order to inprove the com:parability of' the results. in the 

case of occupation the categories were (1) professionals and technicians; (2) 

managers and proprietors; (3) clerical workers; (4) sales worhers; (5) crafts

men; (6) operatives, service workers and labourers. For education they were 

(1) . or more years or college; (2) 1 to 3 years of college; (3) '1years of 

high school- (4) 1 1.o 3 years of high school; (5) 8 years of eleiwentiLry schco l; 

(6) 0 to 7 years of elementary school. In both cases ft'rni nanagers an , ! worlers 

were excluded. Table 1 summatrizes the results. Further details of thO Lrat

ment of the diita i;iay )(,found in Appendix 3. 

It can he seen f'rowi the one-way ainialvsis that occupationr and education ;c

count for roughI lv the 6ame proportion of the viiriance in, the wajge. -II)I. c..,. 

the proportion is seldom much greater than 15';. As has lcei; ar!rued alov, , thl 

low figure inpl es not that Lie criteria are unsuitable as clnasii'ications for 

a-rre':-ti or flui tions, but that the latter are likely to be les shtar,ly ,ef'ii~e, 

thav miight lie dosirahle. 

The proportion of the variance explained by the two-w'ay analYSis was o1 tiW 

average about a third higher than that explaited by eitter of Lhe One-I.nV anal'.'

ses.2 Since the improvement was thus modest in comparison witih tLLe itcr,., se it, 

the complexity in the orniulation of an aggregation function, the possibility of 

using both classi ficeations together was (,iscarded. 

it was not possible to allocate the variance explainerl to the two classit'ica

tions separately and to tJeir interaction, as miay soii~etimes be done in tii:

way analysis, because there were empty cells in the cross-cla.-:i ication. 

See, for example, Schefft (1959), pp. 112-119. 

2 

http:One-I.nV
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TA BLE 1 

Proportion of the variance in the earnings of males in 

the labour force of the United States in 1960 accounted 

for by occupation and education 

two-way 
one-way one-way aalysis: 
analysis: analysis: occupation 

age occupation education & education 

North 

Whites 

25-34 .077 .064 .104 

35-44 .141 .140 .193 

45-54 .165 .161 .231 

55-64 .166 .142 .223 

Non-WIhi te s 

25-34 .063 .079 .102 

35-44 .169 .173 .267 

45-54 .257 .250 .281 

55-64 .110 .071 .117 

South
 

Whites 

25-3,1 .101 .120 .15 

35-44 .149 .184 .225 

45-54 .161 .195 .247 

55-64 .158 .169 .235 

Non-Whites 

25-34 .124 .117 .154
 

35-44 .109 .125 .154 

45-54 .123 .118 
 .154
 

55-64 .025 .008 .029 
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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 he more
 

attractive to the econometrician interested in explaining productivity and growth, 

since there exist in most countries far more plentiful, data, on the occupational 

structure of the labour force than on its educational structure. On the other 

hand educational planners, given a choice of' a direct link between education and 

productivityl, andan indirect link via occupation, should find the forn.er prefer

able if education is not inferior to occupation as. a deterniiiant of' productivity, 

especially since the connection between education and occupation is not well 

understood. 

Aggregation functions based on occupation 

It was assumed that the aggregate production function for each state could
 

he writtev in the form
 

(1) Y. .= f( L, ) 

where Y is output, L is it function of* the individual cacteories of labour, Z
 

i s the vector of' the other factors of production, ai:s f 6 is the formof the
 

tfunction in state s.
 

The aggregation functioni for labour was assumedl to be. a CES function whose 

arguments could ei ther be the individual ctltegories or be themselves CE. f'uncti(ns 

of the categories. ]In general the aggregation fiunctions estimatte( had two levels 

of' aggregation alojg the lines suggested by Sato (1967), hut in principle a hier

archy of aggregations was conceivable, li.ited only by the number of basic carte:

ories an(' the quality of the data. The advantage of using a tieredr inst.adlol' a 

single level CES function is that it relaxes the assumption of the lattur thkit 

*the purtial elastici ties of' substitution between the basic caitegories are coi

stant and equal. However even a tiered function implies an exageratedly simple 

view of the structure of. the labour force. Clearly more sophisticated functions 



could have been considered; hut, as will be demonstraLed, even at this crude level 
there are diniinishing returns to functional complexity. 

The hasic problem therefore was that of estiiw-ating the parame ters of 'utlnct

ions of the type
 

(2) N = a. N 

where N is an1 agrego tioli of lahour, which, J' riot the overtal ]rhour arrL e ., 

would serve as ani ar;.runhenit f a higher a'regLation; the N. are cowiI.)orei)t sni, ,-

ories which may or may not he basic Occupa L ofinI caLteories; and * is e,Ila Lo
 
(0--1)/ r where 
 0- is the Al len partial e lasti ci ty of substi tuti on he ii1,,.ii to irz
 

of categories.
 

The data used for estirnlti zig such i'uictiujis were tl.en ro., the 1 ! U,'.S. Ce.
sus of' Population. It was difficult to Specifty it,advriace the ap;,ropri i.. Yi.,,f 
of the occupational classification. 11' Lhe. cl;.ssificatioi, I ; IS.,n Ver,, t(.-,C L.., re
 
would be tile risk that a single category i.Aght encortjn,.. .evern] ..e,-,: ,i,.,,I: 

cupations, with 
tie result that it woul,! be uJolikely to .)os ,s .s'. ,,. V .. -

able proprties of' its own. On the oth,,r hand the l'iner th,, . :. i i . , , , 

i.nmore f Hi iict it i'ould I( e to detern;i, v l)]usiI e r i. CI.e.,.t1)i t ; , 

the tiers of' the, , .gregation 'unction, anfl theLbiJe ,rttr ,, , ,l 
posed by def'iciencies in 
the quality of' thOe data Accu r,!r'!,., C .,I I 1 , 


classif'i rtion:s were defined. The 
 firSt litilized the (,i iut l,..-'iC , 

tions: (1) professionals and technicians; 


:-, 0. 1!0,Cl 

(2) adn:izi ra ,r- a, ur, or 

(3) cleric l workers: (4) 
sales workers; (5) craftsi-ei.; kC:) i):OrE ;. ,,i,,i .
 
service workers; (8) lalbourers. The seco;d chissifica ion ha,: 'cur c.at . .i.
 
obtaio:nd IbY conl,i siJig the categories of the l'ir.-;t two at a tir e: c ton Y I) , :
hizied (1) and (2); (10) coiabiiied (3) and (-); (I1) coi 
 ,ek75) . ,! i0): a,' (1") 

conihiced (7) aid, (I). 1B the sn:;e way tho third classilieantil . , :1,.,,,, 
the second: ca teory (13) combined (9) and (10), an1Id (1.1) c(1,.! i Ixe k.1I I k :). 

3 A lIen (1938) pp. 503 - 505. For a demons tra ti on th'at eq ua ti on ( 2) c'o r.si,in!.o 
to his definition, see Uzawa (1962). 

http:ii1,,.ii
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one with three
Other relatively coarse classifications were considered, notably 

(3), (4) and (5); and (6), (7) and (8); but 
categories grouping (1) and (2); 


these did not yield an improvement in the results.
 

than 500,000 males employed, earnings
For each of the 28 states with more 

to be male employment plus
and "effective employment", the latter being defined 

ratio of female earnings to male earniings, were
female eniployment weighted by the 

for categories (9) 
calculated for each hisic occupation. Effective employment 

the effective employment in the two compollent cateu
(12) 	 was i:ieasured by summing 

weighted by effective ei,,ploy
ories, and the wage was the average of their wages 

Iment. ]i the same manner effective employment and wages were calculated for 

for their component categories. Petails
categories (13) and (14) from the data 

of data Appendixof the sources and treatment the may lie found ii. 1. 

marginal productivityThe parameters of equation (2) were estimated via tile 


it:
relationshio derived from 

is 	 I is s a N 

where 

IV. = arginal Iproductivity of category i , Iss1m;.4m eon i to earnil'rS 

ais
 
IS smar,_inal prodhictivit.- of categ-ory ?, a.- it wl~ole 

the su hscript s refers to the state 'urnishin the observ'ati on. a ; 

llence 

(4) ()1is C.1 + t 	 -1) Mis + , 

http:Iss1m;.4m


S . log 

b. logw. af a 

a -n oft-vralsa ~btaiyeoedopdi~re ).:18 iS 

or. = 


.:eednea n 1/lm.1) is a maxmu lieiho estmat of 0'. '"
 

is IsaI Ni
 

. C.^ loga. 

If thersecwere caegoie samong towoN, eution(4 wouyvrlldsWerasin 

ble w 2sa,~a~ aaaaa mting the a preenfr -,e mw e 
dep nmo ghem. 

states would be avl. n a for esi 2 ,: Th vai com

cparaeersimrin diiigthei resionhfor n b
ste ated by .loxp Is ve () W
 

each state the structure o wages iis deliedention te struturo o IhO.r orrv. 

Of coursey to the extent that interstate wage differentials induce r igration, thie : 
reverse is alsowrue, and the resulting identieficationtroblem ioplis h orin- . .:i 

ar least squares regression analysisanields biasdu eSi'attes Oaf 2kOeVs 

ion os ) and(5). For two reasons thi possibility has not vop"r hl,o
seriously in the followin analysis. In thefirst plae la or mig2io8 is ihi , 
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to be a very slow process ill comparison with wage adjustment, and hevce it is
 

not likely that any such bias is severe. Indeed if' wage adjustments are not
 

fairly rapid one is not justified in writing equation (3) at all. in the second
 

place, it is by no means agreed in the literature that wage f!li'Tereittials exert
 
5 

a significant influence on nigration, and even inl the study which is most 

favourable to the hypothesis, that of' Gallaway, Gilbert and Snith ti9(37), the 

income variable explairs at most 25y', and usually much less, or' tLAe varianice in 

interstate mi gration it. tile U.S. hetweexi 1955 and 1966. 

OccuputiLi on l mobility gives rise to a simi lar identiic;;.Lion troltlei;. to the 

extent that it is encouragrer by occupational wage differejitiiils. It is certain
6 

ly hiase,! in the direction of iticreasing income, but this i.ay sir i-l, refl Pc t 

the fact that work experience et,ables an individual to uprav'o hi:- socioeconon ic 

status, and such t:ovwients are not necessarily responsive to the actna I si~e, of' 

wage differentials. Even if they tire respor ive, they are prohailliv slow t'.)!tred 

with wage adjustment, and hence the hiases caused by negi ectiir.g th1e Sir~u1taneitI 

of the system tire unlikely to be large. 

It shoulr! lie iotod that, since the wages of' categories ik9 ) - k111), ;,,! o 

catogories aggregated from tLhe basic categories, are avorr,- of , w, es of 

4 	 On average about three to percent the ,i io:l . . thi;four of popt o r:or c (,t;(. 
year m.oved From otne state to another in tlih U.S. ill ,.i ;'ar ,urin.r the 
1950's. (Itinion (1963), p. 429) 

5 	 Itaimon (1963) found hi_,hly significant Spearnatl ran, corrolatioi. ceIl ic 
hetween net i;ig-ra tion to U.S. sta tes and their avel-ra,,A pJel c;Lji ;. nlcorl;e iiir
i ng th, periodt 1950-1959, and Ga]llaway, Gilhert. and ,iu.ith (196,7), tsi i. a 
more Oetailed interstate n-igrati on matrix, for nd rel; ive ilicoi.e to li,. I:.ji.
ly si gnificant variahle in addition to relative uteW')lo'ment an,' di ,.r:ce. 
On the, other hand Nelson (1959) states (p.58) that le foutA 1) ',:ri'i cant 

relationship between ijttersta t jiigration and relative incoi1e il the U.S. , r
ing the years 1925-1940 and 1949-1950, antd argues that it'forniationi, tra.s
nitted by relatives and 1'riends, is a more importan ,letirci-Amit. Gree nwo,,! 
(1969), in a siai l r hut more formal study, found that the i igrL. s Lock, 
defined to he the ziumber ofi persois born it, ore state ai'. livilig ill o.rlother, 
was a key 1etorei ant of the flow of Iligratio hetwec n the, ii; tie rir, 1955

1960, it addition to other vmriahles such as unemployment, education and i 
tanco. 

6 	 In Table 3 hIelow the wobility ratio for a r.ovenment fro; a lower paid occupa
ti o) to a higIher paid occupation is almost invariably highier than tile ratio 
for the reverse movement between the sante occupations. 
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their subcategories weighted by effective enq)loyment ill them, the variables w.15 

and N.IS in equation (3) are not estimated independently of each other. The 

estimate of the parameter 0 is therefore likely to be upwardly biased, and this 

will increase the estimate of the elasticity of' substitution. No attempt was 

made to evaluate the bias quantitatively, it is improbable tLht the bias could 

have been serious, since weighted averages are not usually particularly sensitive 

to their weights. In any case the bias would he conservative in the sense that 

it would reduce the apparent significance of the results. 

]n order to obtain a feel for the possible structure of the tq,reg.ation
 

function, the pairwise elasticities of substitution were computed bet.'een nll
 

the eight basic occupational categories, u'sing equation (5). 7 Since i is equal
 
rto (0-1)/ , the estimates of the coefficient (4-1) are ec1uivwlent to estiia

tes of -1/0 . Table 2 gives the derived maximum likelihood esti;ates of' 0 . 8 

A major problem with such estinates arises from the fact LIat an estilate of 

(4-1) not significantly different from zero, which iii;ilies nn estiinte of' L" 

not signi."icantly different fron. infinity, may he due to either of two cointr Ivv 

causes: such an estiuiate is likely to be obtai ned both wLen the two c',tty,or(1 

of labour are excellent substitutes, and when they play such dissic:ilnr roles in 

the productive process tlut there exists no relationship betw.'een :hem :it all. IL 

is inmpossible to distinguish between these cases on stati.tica rouiids, .i;d it 

is thus necessary to jake use of such extraneous evidelice a.s cay Ie av~li lable. 

On the hypothesis that those occupations which are goofl substiLutes in pri.

duction possess commn:o characteristics which are lihkely to e.coturoL,: -iiIl.titutjoi, 

7 	 The pairwise elasticities were computed using the nmodel 

Y = f 8 (L, Z) 

L (a i Ni + a. '. ) 

where the subscripts i and j are those of the two catepgorios in the pair
wise regression. All the other labour categories, together with the non
labour factors of production, have now been bundled into Z. 

8 	 Table 20 in Appenlix 4 gives for each of the elasticiti e. Lhe t-ratio a;, :iu:st 
the hypothesis that it is equal to infinity, this ratio 11ein..g .just lhw. t-ratio 
against the hypothesis that the coefficient (4- 1) is equal to zero. 
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TAli L 2 

Pairwise elasticities of substitution for the
 

eight basic occupational categories
 

2 3 4 5 6 7 8 

1 9.8 5.3 51.9 9.6 8.2 3.0 3.0 

2 3.4 5.3 -15.2 10.8 2.8 3.1 

3.0 3.3 5.5 2.2 2.4
3 


4 -2.5 42.4 2.7 3.4 

11.8 12.3 3.55 

95.1 9.0
6 


7.1
7 


* significantly different from infinity at 5)c level ** at 1 , lovel 

TA bLE 3 

Mobility of the non-agricultural Americua. !ahour force 

from first employment to employment in 19,2: actual flow 

as a ratio of the flow expected with i)erfect mobililiv 

1 2 3 4 5 6 7 

Prof'. 1 4.35 0.96 0.63 O.0 0.19 0.11 0.17 0.0) 

1.33 0.37 0. 2i ().8 -I 0.8(wAdmin. 2 1.19 2.77 0.78 

Cler. 3 1.04 1.34 2.48 1.68 0.57 0.5 6 0.85 0.47 

Sales 1 0.79 1.69 1.39 2.81 0.51 0.69 0.56 0.37 

Craft. 5 0.62 1.04 0.56 0.71 1.93 0.68 0.65 0. 66 

Ope r. 6 0.44 0.80 0.77 0.73 1.26 1.49 1.03 1.06 

0.66 0.71 0.49 0.80 1.21 3.86 1.41)Serv. 7 0.54 

Lab. 8 0.42 0.61 0.72 0.64 1.09 1.37 1.32 2.48 

the occupa-Sources Table J2.3 of Blau and Duncan I1964). In their table some of 

tions were subdivided. These have been recowhined in order to irprove comparulbilitv 

with Table 2. Table 3 is thus an aggregated version of Table 2.7 of' Blaii and Duncui. 
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in supply, information on intragenerational mobility would be relevant. In their
 

study of the American labour force, Blau and Duncan (1964) obtained data on its
 

occupational distribution in 1962 cross-classified by the occupational distribu

tion of the first employment of each worker. Table 3, prepared frorm these data,
 

shows for each pair of occupations the number of workers who had niove! fronm one
 

occupation to the other as a ratio of tile number who would have moved had there
 

been perfect mobility, that is, no association between first employment and em

ployment in 1962.
 

1f there had been perfect mobility, all the numbers in Table 3 would he equal
 

to unity. In fact it may be seen that the table is dominated by large numllbers on
 

the diagonal, which indicate that workers tend to remain in the occupatio: of
 

first employment. Most of the other cells contain numbers lower thanl uity. If 

these are taken as indicators of poor scope for substitution, then all hut three 

of the estimates of a in Table 2 not significantly different fro. infi iity i:ay 

be considered to imply no relationship. The three renmainil g esti;,ates are those 

between categories (6) and (7) (mobility ratios 1.03 an' 1.21 in the two r7irect

ions), categories (7) and (8) (mobility ratios 1.40 and 1.32), and catelrori.s (-5, 

and (6) (mobility ratios 0.65 andl 1.26). The last is Ceuivocal, si 0ce tl:e ,oiilitv 

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

A revised version of' Table 2 with the iiisignli ficant rezsul s ,lii: :rt.,' ',l,,Id 

thus .just contal i the dia'fonlal elements and those ff-di, ;.ontil elienllt . a.t :.r

islis. Look in, at the patteri of the results, it does ap,)ear, is ri:iJht hr expecto,', 

that categories w ich i are close to one another onl socioecoiooi:.ic ord,,ri ius ar, ;!t)i,
9 

substi itutes. A notahle exceptior; is the elaSticity of .3uhsti Lilt ioi hotie-lv sal e s 

workers and cra ftsmen, which is negative, iuplyi ng c omplowenlla itv. lis r, -I, L 

9 	 Two of the host I,owli socioeconomic orde.riigs are tilose el North and !:ttL, a, 
of the U.S. Bureauio of Census. former, i 1 i isthe The descril,ed Reiss ] ,1), 
based on the results of a saumple survey de;,ig1;Vd to evaluiltl tlu ore Li ,!,v 
attached to the occupations. The latter was calculated usiIt-:: th, avera;t, 
levels of education and inconme of the occupation (see Suibject teport 11' (2) .5li 
of the 1960 U.S. Census of Population for the i ethoodclogY c,;;p Iyv(). Not}h 
orderin gs mit professionals and managers first, ai;, oper-aLive,,, service wor,
era and labourers last, iii that order, n(tv Lihus agree sulhst.aatii:llI tih tI,, 
conventional census The scale places c r.' Justrd ering. North-liatt tsl.n .l; 
above clerica] a d es workers, which are close to, ether. The llure:.u i hLe1, 

Census puts sales utrkers above clerical workers and hoth abov craftsmier,. 

http:socioecoiooi:.ic


.	 .ta 444 m jus reflect the fact h the two 
th bou...ry bet..wee.....two.categorie... may just :reflec the. fa.....t. tht ,h 	 strdl 

nonvnanunl/manua!
the nonmanual and manual occupations. The importance of the 

by the tendency of the manual occupations to have hligh
distinction is underlined 

'
 
to one another and low elasticities of 

elasticities of substitution with respect 

~.: s ubs~tiioUtI .h 5IsCt; to the- nonmanual occupatioIs. These observations su-

gest thatwhen the. categories are group for aggregation 	 to a higherh level, 

the nonmaniual ard till,
clear division in the structure -etweenthere should be a 


manual occupations.
 

TA BLE 4 

of' the differencePairivise elasticities of substitution and t-tests 


of the estiwates from infinity for occupational categories (U) - ( 12)
 

L-ratio
elasticity 


1210 11 12 10 11 

1.9 5.29 4.8 G.6 2.4 2.6 

10 '4.9 2.0 2.3 	 7.3 

0.8 

Proceeding to the coarser, four-category classification, one observes iuch: 

4 adjacent caLegories hIve highthe same pattern, but more clear cut. In Table 

pairwise elasticities. Category (12) has low elasticities with rospect to the 

(9) appears to have a higher elasLicitV with
categories (9) and (10). Category 

respect to cat,,ory (11) than with respect to cate,rory 1.), hen t!ie reversie 

aitici pa Led, but this result may simply" he du i.ereato dOe t"
might have b)een 


by a lower value for the t-ratio.
s.m....g error indicated 

results using the finer classificatioz'sGiven the abundance ot sinif.icant 

workers) becavme redundI'tL.
the two-category classification 	 (nonmanual and nanua 

some. of the aggregation funcLions constructedNevertheless, in order to chocl( 

pairwi se elasticity' of substitutionusing the other. tio classifications, the 

4 .....
 



between categories (13) and (14) was estim ated, 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:
 

(A) using a single level CES function to aggregate all eight cate~rories sir., 1

taneously; (B) a .gregatirg the categories pairwise using the elasticities ,sti;a

ted iii Table 2, and then using another CES function to aggregate the four super

categories; (C) aggregating the categories pairwise, estim.ating the pairwise 

elasticities between the four suporcategories, using these estimat(,' to areate
 

the supercategories two at a tine, and then finally aggregating./ the tLo dorje',.y
 

categories; and (D) aggregating categories (1) and (2), and (3) ,rd (1), pair

wise, and arggrepatitg the four manual categrories 
 together, the three sup,,rcate

ories thus derived being aggregated together at the second level.
 

In the case of the coarser classification three structures were considot, 

(E) aggregrating categories (9), (10), (11) and (12) in a sir-'Je level C!:S iu.11.-

ion; ( aggre.atin. (9) (10), (11) (12), pairi S, U i,':. L.. L,.S,.t') atid ard and 


cities estiulatedI in Table 4, and aggregiiig the two derived 1 _oril-


other CES function; and (G) arrregatii- (11) and (12) pa iriise, r.,:tii, . .
 

tin, the derived ci, te-ory with (9) and (10). Structures (E) - (() ;l.us corrr.ui ,
 

directly to structures (1) - (D). Indeed the only di lie,re0nCe is :L. it 4t: 'u

tures (B) - (f)) the origin-al ei.g'ht categories ere i,' .l .,ir.i . ,siite' t.I. 

estimate! pairw'iso elIsticitles ot' substitution, whereas in ktU(I ; - J t!:,v ie, 

directly combiii !edin! a process iniplicitly using" in en cileask. , :. i , i:.- 

city of substitution.
 

In Figure 1 the various structures are asselled, toz(,t;i 'rwiti, t., a 

tion of categories 
 (13) and (14), labelled (II). li, ord,,r to to,,:.,,,, ' 

diagram should be interpreted, the results for structure (D) ii !.,-expltine . 

Using the logarithmic form of equation (5), the pairwi s elasticities o" suit~i i

ti on betwveen citegories (1) arid (2), and (8) and (4), Were e.e'ii a ,e, to 1o )- .tlj,: 

3.0 respectively, with t-ratios 2.0 and 3.6. These es.-titates. ',. r iv L'. 

Using equation (,I), tie elasticity of substitution htLW'een cat.otOri is C.) - k"-) 

was estimated to he 8.0. with t-ration 3.4. 'Fihe three /roups we'(r thei a- Vt;:..t, 

into three supercategories using the estimates of the elasticities and t,. %,i, 

of the parameters a. also estimated by equations (4) and (5). Using 1(,uiLi n (.1) 

again, the elasticity of substitution between the three supercategories was 
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F1GUitE 1 

Aggregation structures based on occupational classifications 

4.8 (7.0) 

2 3 4 5 6 7 8A 1 

4.0 (5.3) 

9.8 (2.0) 3.0(3.6) 11.8 (1.7) 7.1 (1.6) 

B 1 2 3 4 5 6 7 8 

5.3 (2.0) 

6.0 (2.1) 8.2 k2.2) 

9.8 (2.0) 3 11.8 (1.7) 7.1 (1.6) 

C 1 2 3 4 5 6 7 

5.2 (3.0) 

9 (82., 3.0 (3.6)80 

D 1 2 3 4 5 6 7 8 

I .o (6,.3) 

E 9 10 11 12 

1.1 ( .7) 

4.8 ( )6.8 (2.8) 

F 9 10 11 12 

3.9 (3.8) 

G 9 10 11 12 

1.1 (2.5) 

H 13 14
 

f elasticity 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 estinrates of the elasticities of substitu

tion are significant at the 5k level, and a number of them are significant at the 

1 level. Tihe results for the structures as wholes are not directly coaqvirnble, 

and there would appear to be little justification for preferring one structure to 

another. This conclusion was perhaps predictable. The true relationship between 

the variables is obviously involved and complicated by other factors of' production. 

Thus any CES structure is bound at best to be a crude ap)roximation, at., if ore 

such structure exists then a number of equally plausible variations are also likie

ly to exist, especially since the high elasticities of substitultiox i1d ic;.Lt, reIa

tively flat aggre~ration isoquants. 

1I] Aggregation functions hased on education 

aggre.tii. flc ti,- e i ',.,! nThe snme r:ethorlology was used for constructing 

educational classifications. Again the daitu for estic.cati! *. t. fuin.ctions .r. 

taken fror:. the 1960 U.S. Census of Population, and the st.e 2.2, states were us, ! . 

Details on the sources and treatment of the data c,., lhe lou:,' if A.,'INX i. I 

was axai' convenient to define eight basic cate:,g ri0s: i 1 ven.r.- .:or, M' 

college; (3) 4 ye:ars or hi., scl,,ol: k- 1 -, ,college; (2) 1-3 yenrs of 

of hi!ih school; (5) 8 years of ele;,entary school; (6) 5-7 year., o eh.;.e:mt : '. 

of elementary school; (S) no schioo 1 ., c,,;',lLt.,'.school; (7) 1-4 yenrs 

,Mi c o:Once more it seemed worthwhile to define a coarser cia .i i'isM I\- ,ir. 

category (9) covered th, whole of coilv:e',:; (1V) cov,,dthe categories pairwise: 


the whole of' high school; (11) covered the last [our years oV elentu a,,r. school

and (12) covered the first four years of elementary school and no education.
 

Finally, as before, two nore categories, (13) and (14), were cons til CId hy corm

(9) and (10), and (11) and (12), respectively.bining categories 

The nairwise elsticities of substitution for the eight ha.sic cal toriis I-'0 

Tables 5 and 6 res:,'cLivety. i'ie. elh.ti
for the four broader categories appear in 

and was 3. t-rtio . 
city of substitution between categories (13) (14) with a C. 
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TABLE 5 

Pairwise elasticities of substitution for the
 

eight basic educational categories 

2 3 4 5 6 7 S 

1 -17.7 -8.2 10.1 -25.5 5.4 6.0 5.1 

2 46.3 6.9 -26.9 6.9 6.5 5.9
 

3 7.7 215.1 9.9 7.9 7.0 

4 18.1 13.9 9.0 7.4 

5 52.5 17.0 10.4 

9.0 10.06 

7 49.5 

* significantly different from infinity at 5 level ** at l1, lovel 

TA 3LE 6 

Pairwise elasticities of' substitution and t-te.ts of t!.e difi'ero,:ce 

of the estitrates fron, infinity for educatioi.xl cateLories l!j- (12) 

elasticity t-ratio 

10 11 12 10 11 12 

9 34.0 5.9 5.8 0.3 2.6 7.3 

10 5.9 8.5 3.6 3.0
 

11 21.6 2.6
 

http:educatioi.xl
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Looking at Table 6, one may observe that categories (9) and (10) nar good 

substi tutes for one anotier, as are categories ( 11) and (12) but that the remin

ing pairwis elasticities are relatively low. These results, and the low elasti
city of . (13) .nd (14), suggert that thre shoul.substitution between categories 

be a sharp inte agrerea,tion structure between the upper- four hasic c.to:.

ories and thelower four. I.ooking at Table 5, the pairwise elasticities of "1u .

stjt;tion between the upper four categories are all high, two of then with estlmn

tes which tire greater thar. infinity, i.e. negative, caused by the estimate of the 

coefficient (40- 1) in equation (5) fal1ini, below zero. There would seen. to he 

little justificition for hypothesizing any particular substructure for these 

categories other than straiglitforward aggregation by means of a sjile level CES 

function. Likewise the bottom four categories tll have higjh pairwise eltsticities 

and a single level CES function would seen- to be adequate for aggregfrtilg temn. 

With these considerations in mind, the following structures were esl itmoilw ; 

(A) aggregating the eight basic categories iii a single C.'S fuetion; ( lj) gregn

ting the upper four categories wi th one CES. functionan the lower four it;- i:

other, and then agrof'aLtig Lihe two derived categories at a seconr' leve. ; 

aggre gat ing, cItteg o ries (9) (12) i n a' s ing,Ie CES fuitnct ion; amI n ~gre. I 

categories(9) andl (1i )- pa irwi se, and k11) an0 (12) iai rwi se, anr tIhe tw., ,eri ve, 

categories pa irwise. 0iinally .the structure c onsi sting oI' a -i mple CE.- ii,'-t ior. 

aggregatitr the two categories (13) anl ( 14:) was labelled (E). 

The results nre showp i Figure 2, which si oul d he iI:t- rpirotcd ill I!, ,:-J 

way as Iigure 1. As can be seen; by compari ig the two figures, the st ruc ur, 

for education 'are similar to those previously esti'.atel or tihe occu ntiontl 

ciassi ficttion. Most of the elasticities are high and significant, hul, S;," 

very high indeed anid not significantly ,lifferent lroi. iIAi nity. 

IV Sensitivity analysis 

In the previous two sections a variety of aggregation struct, res lvereoi: a

ted for both the occuprtioinal and educational classificotions, ando it w not.the r 

possible to discri, ii;rte among them on statistical groundis. Accordin.-ly it is of 
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F1 G U HE 2 

Aggregation structures based on educational classifications
 

9.0 (9.4)
 

4 5 6 7 8A 1 2 3 

20.8 3i.3) 13.3 (6.2) 

B 1 2 3 5 6 7 8 

C 9 10 11 12 

4.5(.) 

34.0 (o.,) 21.6 (2.6) 

P 9 10 11 12 

3.3 (6.0) 

L 13 14 

' elasticity of' substitution ** t-rtitio 
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interest to discover whether the specification of' the fuiction makes ally differ

once in practice. 

For this purpose data for the United States on employment by oocupation in 

1951 and 1967, and on wages byoccupation in 1951, were used to estimute relative 

wages by occupation inl 1967, and the aggregate labour iridex for that date, for 
10
 

--"-eaclispecif'icati-on-ofte giregation-structure'"wi.-Figuirrf'1. InT Order'TLodiYi-ive 

thle absolute level of wages in 1967, it was necessary to introduce ani esticiate (A' 

the marginal product of the aggregate labour inidex at that dlate, andf thlis was 

calculated on the assumption that the elasticity of total wages with respect to 

the labour index was equal to zero. 

Before discussing the results it should be emphasized that the estiri tes for 

1967 cannot be expected to be realistic. The aggregation structures were estir:a

ted from cross-section data, and thus several important factors which cre likely 

to influence tie structure of wages over time were lheld constant. The esLti;,.tes 

for 1967 should therefore he interpreted as represeoting the structure oi waes 

and the lahour index that would have been in existence ii. 1051 11 the ViI I.-r 

endowments hart been replaced at that (late by the 11967 ei:dowmetnts. 'h c .n, hi

ures for 1967, which are irrelevant to the present analysis, are -Ivei; il the ]..t 

line of each table, aud they are in fact quite different fro;, any of tho "pro,jr't

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

Tables 7, 8 and 9 give the wages of' each ctegory anid the aggregmte J:11,olr 

index in 1967 as proportions of their levels in 1951, for each structure i: encrl 

fineness of occupational classification. In addition the re.zults oVj u.inc 1i'ic 

aggregation are shown for each fineness (labelled (Al), (El) anr' (M) 'or tle 

eight, four and two category classifications respectively). 

Lookinir at the tnbles, it is immediately clear that the estiiate- of the in

crease in the labour index is hardly affected by the specification of he ae rea

tion structure, and it is little different f'rom that ob iedsin lirenr aggr,_.

tion. 

10 The data were taleien froii the Current I.opulation lieports, Series P-60, of' ilhe 
U.S. Bureau of the Census. See Appendix ' for a description ofr thir trrt-. 
ment. Wages are expressed in. current dollars throughout this section. 



C 

- 23 -

TA BLL 7 

Estimates of wages and the labour index in the United States 

for 1967 employment data, as ratios of their levels in 1951, 

for structures using the eight category labour classification
 

a greilate 
7 8 labour1 2 3 4 5 6category 


index
 

structure
 

2.11 1.,24

A 1.90 2.08 2.03 2.09 2.16 2.15 2.24 


2.10 2.17 2.17 2.13 .22 1. 3:5
B 1.94 2.02 2.01 

-. 20 1.:12(32.02 2.15 2.11
1.96 2.05 2.11 2.14 

1.94 2.02 2.01 2.10 2.17 2.16 2.1.1 .22 1.325
D 

2.07 l.),;0
Al 2.07 2.07 2.07 2.07 2.07 2.07 2.)7 

1.99 1.93 1.95 1.8,t2.30 1.98actual 2.32 1.89 

TABLE 8 

L'i iA.,Estir..;tLus oi' wa,,os and l ie labour ifl, CX ii i ho Utt 

for 1067 e:l)lo vrtnt c!ata, as ratios of tle(,( r I in 1 ,)1, 

cat n..rV .lbour IL. 0 ii iCt. onior structutres usij12 the four 

ca t,.ro ry 9 10 11 1a lioU 

struc ture 

E 1.96 2.03 2.17 2.1'7 1. 2) 

F 1.98 2.03 2.1(i 2.10 1. ;;I0
 

G 1.,17 2. 03 2. 1 G i1330
 

El ".07 2.07 2.07 2.t7 1.'35
 

1.93nc tua1 2. 29 1.91 1.96 
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TAflLE 9 

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

1967 enplovnment data, using. the. two category labour classification, 

for selected values of teliW asticiIy ofi uhsttution 

:ages wages ratio wages of (13) wages of (14) laiour indox 
struc- of. of of as ratio of as ratio of as ratio of 
ture 01 (13)a (14) wages wages in 1951 wags in 1951. indox in'lO,5 

1951  4449 3100 1.43 1.00 1.00 1.000
 

It 4.1 8939 6721 1.33 2.01 
 2.17 1.322
 

Hi . 9248 6445 1.43 2.08 2.08 1.12P
 

H2 1.0 7969 7584 1.05 1.7' 
 2.45 1.310
 

113 0.5 6703 8712 0.77 1.51 2.81
 

actual - 9702 6041 1.61 2.16 1.9 5 

current Oollars per year 

Sin ilarly the estimats of the wage sLructures are not : rti cuinr . 

to the specificntio of the aggregati on structure. However tUr L. ohta i',,estlraeN 


using linear aggregation, which impies constant relative waigcs', frequet' d i MIfer. 

by more than 5Q..
 

In Table 9 it may be observed that the estimates oF the labour index htaied 

using elasticities or substitution equal to 1.0 and 0.5 tre not much lower Lk.JI 

the linear aggregation estimate, the estimates of waes arebut vtrv disiAilr.,1;ii.
 

The implications of these results Oepend upon the , enetZidL'use of. the .g'rl.,n

tion function. They indicate that.for the purpose of ioeasuring the coitri hi lo 

of labour to econordc growth, linear aggregation should provif'O 5LIUaLS f tULa ly 
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obtained using more compiae agrgtoLtrcue.Oequivalent to those 

other hand the results suggest that for the other obvious application, antalythe 

sis of the rate of return to education, the specification of the agg-regation 

s t ructur e -As- of.-ap) re c iabIe-iwl)o r tance, __siniice t he 	 est ima t es atf wa ge Hiffere nt inIS 

even, though, in percentagevarv' considerably amon~g the different structures, 

themselves do not. The sensitivity of thleternis, the estimates of. the wages 

estimntes of wage differentitils is demionstrated in Table 9. The dlifferential 

between the wages of nonnmanual and manual workers would he 381, in 1967 usingr thle 

assumedelasticity of substitution calculated in Section 1ll. If Cr were to he 

in 1961, 43 ,.
equal to infinity, thle differential would remain the same as it was 

it If equal to 0.6,If'a Cobb-Douglas function were used, would be 5 . CT were 

it would he negative. 

educational structures were riot subjected to senisitivity nrialyvis ol'The 

this 1kind. because they resemble the occupational struIctures closely andI it wast~ 

presumed that suich analysis would yield sinilar conclusions. 

V Time series oSti!MLes of' ag .regzntji functions 

In till countries in advanced stages of' industrialize.tion, tbi- su;pplY Of' L.'e 

moreskiled nd ducaed ypes of litbour has bteen growing imiuch wore rtid"lv thai: 

the ]ahour force as aLwhole. In view of' the experin~ent..; rescrihe,' incii z~1 

and 1ll, one would expect their wagre. to have follen relatively to those of' !e 

has iindoed beoen the casef, Lt i 111rest ats at result. Over, longr periods of' titi.te this 

lar-ge numher of' studies testify. Obeor (1948) divide(!.th;e U.S. lbour. fox'ce iirto 

that, in pen B07-1017 , tho lt(;the onI 	 a oF.tFive c lasses bY skil11 an(' f'ounid 

the most skilled class to that of' the lettst skilled clfass 1'olImedi in earnings of' 

from 2.03 to 1.55 . Knowles and Robertson (1951) eXarmined the tii~e ratos for 

shilled nn(! unlslci lll occupations in fouir industries iii the U.KI. anfl f'ound *lit 

D1111lin the period 1880-19050, the premtium for shill feol 1 y about two thirds. 

1933S-1940 ard 16-5and Rothlmum (19665) reported that in the interval between 

the skill differerntial fell by a half' in Itatly andl hy a quarter it, Prance. JIoii t 

(1900), using data on, 141 manii-ual occup,%tions iii 17l industries in the U.S ., Found 
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that the dispersion of' hourly wages, mueasured by the coefficient of' variation 
(the standard deviation divided by the mean), fell by ahout a third betweeni l3 
and' 1956. Bry (1960). showed that skill differenitials rose nwarginally inl Gerr.:aiy
from1871 until --- the-late-1880 Is ,- remained -con staOuni-lthee ThTSVIl-ct r, 
and (ignoring a period of sliarp contraction and dispersion during the decade
 
1914-1924) declined gradually until 1928, 
 with little change hctiveell thfit date 
and 1943. Woods and Ostry (1962) constructed timie series on 16 skill different
ials in Canada, which, on the average, show a marked decline between the period 
1923-1933 and the late 1940s, and a further decline by the late 1950's. 

Two studies which stand out against this tide should..he noted. long (1960) 
quotes three government surveys which showed that the ratio of skilled to. In
skilled wage rates remained roughly constant in the U.S. from 1860 to 1F90, 11
 
Ozanne (1962), examining the records of' a large manufacturin, plant ii Chica ," 
found large cycles but no pronounced trend in the ratio 1l55. chet-eenl8S ,.' 

One should however be 
 most cautious in interpreting such statiStics for L:o U.S. 
before 1914 'because one has no means of estimiating the exLent to WIiic tlhe i!,
provernent in the quality of the labour force Lo groLh
due the Of the o,.ucati~'na 
system vas offset by the relative reduction in the flow of' s.;,illed ir-ji; r:U.ts. 

On Ial]ancC, therefore, the findings of theseloig-terr :z.tudiesa,,,'ecr at
 
least superficially consistent -i,h 
 tle aggregation uiI€io)p of i'iurI . 

ever the available evidence on the recen~t behaviour of 1,,•o rates is .-!io o
 
favourable, for tho relative 
decline of skiIl dif feren!tial s seenms to hav ceue,af
 
in the more ijdustrinlized countries 
 since 19415. Accord ini" to Giitr (1 96-'1 
there was little contraction of relative wages }IetWeen 1950 and illl9fI' the U.S.,
 
the U.E ,, France, Italy and Gerlianya o i 'to he
' ..... a
 
sample of' ,eve]oping.~ C countries....- ...... Lydall, (l9o8(:1 )9 n es
... .. Lydall 8 ) us a es Of 1,1e0t i.o e's a rl! 

salaries for 116 occuimtions in the U.S. Cnlciillited by Millor (1966-), Couii". tli (t 
the coefficient of' va riation fell by just over a 1939third .'roi:m to 19.19 but " 
changed l it tl e eotween 1949 and 1959. .po i and. Bha rad wajJ (i,11070 e , iira Vh-M 
in tho period 1949-1965 the coefficient of variation of the struc LurUI'1sSU-
been approxinntely constant in the U.S., .Gernmady aid SwiJeden, and tlat i t "np,wal.
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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
 

graduates and elementary school graduates both remained fairly stable between 

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 time 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 rv.tic of the 

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

1951 1953 1955 1957 1959 1961 1963 1;65 19c,7 

Prof. + tech. 1.62 1.71 1.74 1.81 1.95 1.tI9 1.87 1.85 1.:,
 

Administrators 1.73 1.78 1.89 1.84 1.95 1.97 1.85- 1.91 .)6 

Clerical wkrs 1.10 1.13 1.11 1.10 1.15 1.11 1.10 1.08 1. 0w 

Sales workers 1.36 1.17 1.41 1.23 1.37 1.21 1.32 1.10 1.33 

Craftsmen 1.21 1.23 1.25 1.22 1.28 1.2,1 1.24 1.25 1.L5 

Service wklrs 0.82 0.83 0.85 0.78 0.85 0.81 0.1 0.80 0.83 

Labourers 0.74 0.73 0.71 0.74 0.75 0.69 0. 69 0.70 0.71 

Unweighted coet. 
of variation 0.28 0.26 0.30 0.28 0.31 0.30 0.32 0.811 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 nales in the iajor occliputioial 

groups of the U.S. labour force as a ratio of the mean ixcome 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 occuptions, tnweighted, 

and weighted by employment, respectively. It may be seen that the n.ean incomes of 
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professionals and technicians, and administrators, rose relatively to those of
 

operatives; those of clerical workers, sales workers, craftsmen and service
 

workers maintained stable ratios; and those of labourers declined relatively.
 

The unweighted coefficient of variation rose slightly, but the fluctuations in
 

the weighted coefficient make it difficult to detect a trend. On the whole it
 

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

A number of rival explanations have beer, offered for the observedl stabilitY 

of the wage structure, and no attempt will be made to evaluate thefl here. instead 

attention will be confined to two of the more popular and plausible. Accordin g 

to one hypothesis, technical progress is biased in such a way as to incrense 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. Accordilzg 

to the other, there exists relative complementarity between capital and skill, 

and this, together with the fact that the stock of capital hr.s bee. growijj ,- i.uch 

faster than the labour force, has had the same effect. 

The analysis will be restricted to the estimation of a sim;le lv,.I CL':S 

aggreg-.,.ion function for the eight n:ajor occupaLions, aid heice tie i.aai:i inl n'-

ductivity relationship representer! by equation (3) R;ay Lo w'riLten 

(6) w. a L1LI#d 
it = it t dL 

Ot 

where
 

Yt = GDP for the U.S. in year t 

L aggretgate labour index in year t 
t
 

L it employmient ini occupation i in year t
 

w = wage of occupation i in year tit
 

and (- 1) /o as before. 

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 parameter a. a function 

of time and a function of the capital-labour ratio, k , respectively: 

Yt -wit = a (t) L 
(7) 

it i it t dLt 

(8 it a( I t) it t dL t 

Even if a satisfactory series for the capital stock had been available, the 

cprtainlv have iade it iwi-lossih,]e toinevitable multicollinearity would almost 

distinguish betweev the effects of the accumulation of capital aim of' ti, - act

ina as a proxy for technical progress. Hlence no attempt was ':ade to e. t;;saLe 

equation (8). 

As a first it:proximation it was assume( I that the proporti ns l ratv o! grr'. Lt 

of the shi ft factor ai (t) was con.itait, so 

A. t 

(9) a(t) = ae 1 

where a. and . are constants.1 1 

The labour aggregatioU function may now be written 

1 

(10) L = ( Za. e L)
i 1 
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TABLE 11
 

Estimates of the parameters of equation (10)
 

A -t a.
i 6 t-ratio I
 

(5o per year) 

Prof. and tech. 1.31 3.21 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 0.070
 

Labourers -0.48 1.74 0.074 0.060
 

The parameters of the function were estimated using time series on em:)1oy

ment and wages hy occupation derived fron. tile Current Population Reports, Series 

P-60 (see Appendix 2).12 The estimate of the value of ( -I) wa, -0.0t)2. i. '

ratio 1.07, implyinw tin elasticity of substitution equal to 10.9 . The etiiat,.

of the remainin!g parameters for the difl'erejit occupatiolz-ia-,- given in Ta hle 11 

In the absence of a time series for aY/dL it was not possible to estinatLe tl,(, 

absolute values of the A, , but it was possible to estiMaLe their diNf'vi'.iices. 

Table 11 gives the difference between the value of X.1 for each occupati i anld 

that for operatives, X9, and the t-ratio for this diff'reiice. The fourth coumn 

gives the estimates of the parameters a. in aggregation function (A) of FiTure 1
13
 

for comparison with the estimates of the a. . it may be observed that those 

time series weights which ifl 1951 were lower thani their cross-section counterparts 

had above average rates of growth during the period, and those above, th.ir cros.

section counterparts had lower than average rates of growth. The two sets o' 

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

13 There was ro straightforward way of estimating confilence intervals for the, 

a. and the a.1 1 
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of4 estimates thus appear to he consistent with each other. 

to estiviate tie parameters of equation
It is worth mentioning that an attempt 

yielded a nonsense estimiate for the elasticity
(10) 	 omitting thle shift factors of' 

as might be expected. The-value of( -( +' 0.146, _iw.*:pling0was

substitution, 

value of - 6.9 for C. 

estimate of the CES function was made with
As in thle cross-section case, an 

into four broader categories, and a 
the occupations aggregated linearly pairvise 

estimate was made with these new categories in turn aggregated pairwise
further 

form the groups of nonmanual and manual occupations. The functions thus cor
to 

The value of (4- 1) for the 
responded to structures (E) and (H) of Figure 1. 

insignificant, and implied a value 
four category 	 function was close to zero and 

In the case of the two category function, ('-I) was positi-',of 17.8 for or. 

the shiiftvalue for -. The. relative rates of growth of
implying a negative 

factors were lower for the four category function than one would have expecte' 

function 
given their values for tit eight category function. For the two category 

tle relative shift of the nonmanual occupations was actuudly retative. .Th rc-.

function and totclly couijterivtui Live 
ults were thus poor for the four category 

tlat one ;ust isugr.Lfor the two category function. It therefore appears 

at least as far as the major occupatiois of the cersus cahssi'ication ill or,',r '" 

ata. 12with tiwe-series
obtain plausible results 

Summary and conclusions 

in this paper 	 both cross-section andti . -sci ie:
In the experiments describei 

functions ror labour. The estic:ntes eriveived
da La were used to estir.ate aggregation 

expected to be of greater pertinence fo r the ;nre
from the tifle-series data nay be 

but tiley can at hest 1,e dese,.ier! Uis tentnLN
obvious applications of such functions, 

the small number of oljm'rvatiozvs. Nt :-L 
tive, given the problems of' estii,ation and 

analysis was therefore concerned with the(. relatively sLrai~-;
of. the fitatistical 

forward estimation of aggregation functions tfrom the cross-section datal. 

20 and G(tegrees of freedom il: the
12 - It should he note(! that there were only 

f'our and two category f'unctions, respectively, compared ith . 
estimation of 	 the 

4 forthe eight 	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 I indicated
 
that both occupation and education provide economically relevant classificati ons,
 
since in both cases the proportion of the variance of wages 
 a for b t 

.classification was statistically significant, and therefore couldthat either 

serve as a basis for an aggregation function. However in both 
cases the proport
ion was small, as 
has been found in previous studies,: implying that neither clas
sification 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 between the basic
 
categories, and between categories aggregated fron: the basic 
 categories, irere
 
estimated the and
for both occupational the educational classifications from cross
section data for the states within U.S., it fIound were
the and was that they always
 
significantly higher than 
 unity at the 14 level but generally significar;tb' lower
 
than infinity at level.
the 5Y These findings cast serious doubts over the valid
ity of the extension of input-output analysis known as the manpower reo,,i ,r,,,erts
 
approach for the projection of the structure of the labour 
 force, since it degonds " 
on the assumption of zero elasticities substitutionof between difFomtre Jiir. of
 
labour. Even the Cobb-Douglas function would imply unrealistically ]il.tl,, . c, 
 o 
for substitution and hence would also he inappropriate for agpr'eg'ting l.'our. 
On the other hand linear aggregation would imply excessive scope for sul., L ti o:n. 
Thus it appeared Lhat the general* CES function would be aml ii.proveont or sic:,pl1er
 
forms of aggregation, at least from a theoretical 
 point of view. 

However it was possible to estinaLe, for both the occupational an1d t! , e' t ca
tioAl classifications, several equally plausible CES structures 
ani none could he 
regarded as being more satisfactory than the rest. Figures 1 an;d 2 show them 
schemati cally. in general the elasticities the levels thleat lower o structures 
are higher than those at thme upper levels, as one might expect: adjacuMt c, teor
ies in the lower levels are likely to be hetler sillsti ttes tiii; a,'Jacent- :0,6t or
ies in the higher levels, since the tter represeit greater. proportions of tie' 
labour force and are more heterogeneous. ICanything, the numerical results Wtv'er
state the relative reduction of the elasticities in the higher levels, since, ror 
reasons discussed in Section IIl they may Iie upwardly biased. 
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Because 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. However, since there exists some correlation between 

them, persons belonging to the upper half of the educational classification 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 lover halves would be silmilar for both classifications. Among the occupotion

al structures, (C), (F) and (H) contain splits between the upper and lower four 

basic categories, and the elasticities of substitution between the halves are 5.3, 

4.1, and 1.1 respectively. Among the educational structures, B), (D), and (E) 

contain f;uch splits and the elasticities are 5.2, '1.5, and 3.3 respectively. The 

similarity of the ranges for the elasticity suggests that the structures are at 

least in this respect mhutually consistent. 

All these estimiates were obtained fro. the cross-sectior data. In Section V 

it was observed that in recent years shill differentials have not been !'r linj in 

the U.S. and the nor,., industrialized Luropean countries iUL s p ite of the cnt :i , 

relative increase in the supply of skilled labour. It wi.s hypothie.size' th:n ' ti:i 

might br, due either to relative complementarity bctwee,: c:-pit1 and shilled A ,,r 

or to technical progress biased in th,. direction of incrpasing, the ,enai!.! for -: ill

ed ]aluour. 'thP CuS functi on approach wns extended nccuri nulv u ' tested :t-

Icallv usinni tire-s.rivs ,nt~ta for the U. S. aSL whole. i'h" wal tv of tK, re::,JtS 

vnried with the iireess Of the occupnLi ionl ciLssi'i (8 ('L. Thosu iCar ""'.e-i ;t 

i'tr or' rlhs.bi icatinp a ppeared platusible and coLS,:to1rt wit!. t'..Pi" .r s0 wert, 

s-ection crnntorparts. Thosp for the four cuttelorv cluissit' cation .or, r.a.- .P-W s.-. 


nile, aid those for the two caterory classification were u ,re..li stic.
 

The rosult.s asseh.biled in this paper ildicato thtL, for tme purpos, oh est iwi

tina total p:routh in output due to labour, a tin e-depeident CI-,S ftilctiton with t 

fine clas.-i!'icution of labour should yield the rost accrate predici.S, providing 

that tho shift paranmeters c.i e estinated. Utherwise tihore is litLL(, to be vain& 

bY aoin beyond wae-weighted linear aggregation, as the ensitivity ,,la.Jymi. of' 

Section IV shows. 

-or educational l)1annerh the most obvious implication of' the 'ult- is tlatre..

the manpower requirem:ents approach should be bhtidoned. Indeed ra te of' retulrnz 
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analysis with constant relative wage rates, implying an infinite elasticity of
 

substitution, should he a nuch better tool for planning, at least iL the short 

However, since such analysis is sensitive to changes in wage ,differentials,
run. 


and since these in turn are sensitive to the specification of the aggreg--tion
13 

structure, it would lie much better still to use the CES function approach to 

obtain a f'eedback relationship between the growth of the different levels of the 

educational system and the rates of return to them, via the growth of tile labour 

force and the structure of' wages. 

Throughout this paper the word l"experimelnt" has been employed when ref'errinr 

to the various forths of' statistical analysis undertaken, in order to ellphasize 

the spirit of the investigation. The CLES function approach has been cLosen be

cause it is an obvious and convenient starting point, an. because it appears to 

survive the appropriate statistical tests. However the underlying relat'inshi:v 

betwee:, the different types of lnhour are undoubtedly much less sin pIe, V. '.1 L0

out takinl, intu account the effects of capital intensity and tchn ical pro!,ress, 

and of' course both of' these bring additional dimensions to tie problem. hu. i.w 

most that can he hoped is that the results hre Surestive Ul h1l1 to 'Molop 

'ee I 'or tile pro1lem. 

cu, iA' te .-'rii tur .13 l4e sensitivity analysis or Secti on IV wns o' cours, 

estimated from the cross-seciior data. It se,.,,s rvv~u-thAIl to .hup:oso tl, . 
-the estimates- orlwage ditfleretntinIs would also he sebsitive to th sj-, i;iK a 

t'oll: tt, Liie-srtion oi' the structure in the case ol' ltections esMLiinLed 

data, which woul,' he more relevant to the planning or' educnLion. IV \'i, 1 

the wide dispersion in the mhi ft paranmieters in Table 11, it.is certairlv i-,. 

that the single level time-series f'unction yieldS est it:. ,, o1 wae di U ert 

iais yery ditf 'erent fron those ohltainted hy liiiter aiggregtiLion, except ill t, 

short run.
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Sources and treatment oftiie cross-section data 

used for estimating aggregation structures 

The data for the occupational and educational classifications in Sectioi s ] 

and 111 were. takeii from Tales 124 and 138 respectively of Chapter 1) oP the state 

volumes, PC (1), of the 1960 U.S. Census of Population. 

Table 124 gives, for each state, the earnings in 1459 of ui:ales and.'ei-ales, 

separately, in the experienced civilian labour forne for eleven nwajor occ""patiorl 

hendings, most of thenm. broken down into a niurber of subcategories. It wl s decirle(! 

to exclude two of the headings, "farmers and farm managers", an "farEm laborers 

and foremen", on the ground that farm workers are relatively ii|un,ohile n,' tei-' to 

foru, a separate labour arket. The headings "private ho||sehold workers" ii 

"service workers, excluding private household", were aual aniato into , 

category labelled "service workers". The remaiining seven cate.ories, , : 

category "service workers", were used as basic catergorie. r ithe occupational ,, 

listed in Section 1] 

rable 138 g(ves the i.come in 10,59 of walos and feales 25 ye,.rs (,I,' ovl.'r, 

by years of school coi:pleted. The data for education are thiis loss sntisfactcY 

than those for occupation in two respects: incoo., includes, it,adr'iti n,: to eo,r

ings, such items as rents, royalties, i uoros Cb i iviSC-s, .saial -ecuI-ji, .eV,"i .. 

and other I.overoo.ent tran.slfers, inI co,tributions for support i.ro ;lersin 

the household, which are not rela ted to the 1lroductivitv of 'tie ij.(id vihIin1 2: t't ::e r

more the dat a only) cover persons aged 25 or, n.ore , aid tl;orofore exclude t, si r' Ii 

cant proportion of the labor Force. The eight educational categuri es givei, ii; L!te 

table were used as the: basic categories aild are listef; in Section J.11 

I.wage s 

In neither tahle was the niean wage for each lahour cat ego-ry givern directly. 

Instead, nine wage intervals were defined and the niumber of persons IelongJig to 

each given. The wean. wage was calculated, for both sexes separately, by Laid ng .n 

-. , . : :- ,_ ':- ; ; . ,,•,
-. :': ," , • : ,,,., :: ,',:: , ,. ( '; ,: . :, • : , , ,., " , ', ,j
 



- 38 

representative wage for each of tile intervals and then computing tile average of 

these weighted by employment within the intervals. Choosing a representative 

wage for each interval was complicated by the shape of the income ristrihlution, 

which made taking the midpoint of The interval inappropriate. Several nethods 

of allowinr for the non-uniformity were considered, and the followingl, which 

appeared to give plausible results, was adopted. 

Given three equal adjacent intervals, A, B and C, with employmient a , h 

and c respectively, the mean wage of interval B was ta.on to lie 

(a + 3b + 2c)/3a + 6b + 3c) 

of the interval above its lower bound. This expression is the result cd supp,.%

ing that the employment frequency distribution within int.rval B is lineir, t1---t 

the value of this distribution at the lower lin:it of the iiter'v' l i.- pronorti,.1i, 

to the average employment in intervals A and B, a;r! thit the v: of t1, rli

tritution at the upper li mit of interval B is proportion.l te the ever:., ,.i. ,v

ment in intervals B and C 

d+1) 

A B C 

assumed frequen:cy distribution for interval 1: 

If interval P has size v I and the f'requel1cy distributioi hai.Js e- . aih),/ 

h(b+c)z at its lower and upper limits (z being an unkluo': c() s t j , t holn 

1
 
total employment = b = !(a + 2b + c) y z
 

http:pronorti,.1i
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and
 

mean wage = lower limit + 9-(a + 3b + 2c)yz /(total eiiployment)
 

= lower limit + (a + 3b + 2c)y/(3a + Ob + 3c) 

When the wage intervals were unequal, say when A, 13and C had lengths v , y
 

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

2 a + 3b + 2Tc 
lower limit + w y 

31a + 6b + 3VLc 
V w 

The first wage ititerval ($0 to $999 or loss) was always given a ii,eln of' 7t0. 

The last ($l,000 and over) was always given a mean of' $21,100, using ithe valle 

of 1.9 for the Pareto constant estimated h' llouthakker (1959). T'uri n.ean of Lhie 

second highest wag!e i iterval, 27,000- 9,99, was calculated on tLi a sim.ption 

that it find the sanie skewness as the i itervil just helow iL. Th',i! lahS , the,. 

remaiinr instervis were ccilculaLed by the ntethod outline:d above. 

This sot of' conputations was carried OtL for every ias ic occur)atio orbr,' oLl 

sexes iii evory ,,Late. lleiice, for example, the rrheiin Wau" o f'l'the (IC()0- , W ' 

interval ['or ni:lvs iii occupaLtioi I was $4,534 il C:lii'orria, -i,,197 ir: .,is.-i i i 

'
 $3,000 - 3,999 4,00O - ,,g 5,u(l, - r5,99 }

Call [ornial 25,365 h5, 198 5r, 707 

Missi ssippi 4,022 41,121 7(26, 

employment of rale professi onnIs 

The wearn wa e of occupation 7 ("'rivate householH1yorkers"' aril'.! ervic, ,or'!:

ers, exc lurd ing privnIlte household" comlitijed) for eact wa:2 :'t 1.rotpVL ' thlu. 1'o- 0l!, 

wage distribution tsa whole, was calculated usirr" tire wnge/enployment distl'iso 

for "St'rvice workers, exclitding private household" or:ly. IL was Ossun.,ed Lin t Cil

est.ic workers would receive part of their incomre il kind, aic0 Lherelor, t:.aL thoir 
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earnings data would be misleading. 

The wages for wales were used as the dependent variable in ec:uations (4) and 

(5), and are given for occupation and education in Tables 12 and 13 respectively. 

Similar tables vere calculated for females. 

2. effective employment 

Tables 124 and 138 gave both male and fewale employcient for ench categor) 

for occupation and education. It was necessary to aggregate to-ether the sexes, 

and this was accomplished by assuming Lhat the ratios of feale to zale ages 

cou]d be used as efficiency factors for converting female employmeint irato equi

valent male employment. The efficiency factor takes into account both the fac1t 

full time and the fact that the Irwd ctlivitv of1 athat fewer women than men work 


woman may differ from that of a man in the same occupational or educational c ,
 

ory. The effective employment thus calculated served as the ii,( fl(epde'i, viri, I]
 

arid iieduca ion in liit. !.1in equations(4) and (5), and are given for occupation 

and 15 respectively. 
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TABLE 12 

Mean earnings in 1959 of males in the experienced 

civilian labour force, by occupational category and state 

(current dollars) 

occupational category 

1 2 3 4 5 6 7 8 

Alabama 7648 8017 4686 5148 4532 3351 2609 2164 
California 9771 10485 5390 7270 6523 513z 4221 3829 
Connecticut 9525 11160 4987 7193 6044 '817 3958 3609 
Florida 7932 8127 4483 6069 4724 3463 3063 2420 

Georgia 7820 8132 4431 5762 4253 3080 2579 1964 
Illinois 9274 10775 5191 7784 6561 5070 3965 3868 
Indiana 8356 9305 5045 6308 5889 4800 3480 334 
Iowa 7847 8626 4782 5996 5075 4642 3101 ,298 

Kansas 8013 8747 4849 6256 5149 4475 3073 3056 
Kentucky 7416 8178 4556 5390 4707 3757 2806 25e'1 
Louisiana 7895 8494 4654 5585 .485 3788 2787 236,1 
Maryland 9889 10371 5384 605 5622 4 282 707 3072 

Massachusetts 8649 9841 4611 6517 r8 45 2732 7 
Michigan 9445 10101 5415 6398 6,521 4925 1839 i89 
Minesota 8218 919U 4932 6435 53: 451.h 51,18 I0 
Missouri 8126 9128 4763 61510 5389 4271 3209 185 

New J-rsey 9972 1077, 5272 7579 G2.9! -1951. 4u0 , ,,1 
New York 9545 10196 4837 7831 6001 46-1(; 3:8 ,1- 1 
North Carolina 7246 7786 ,4228 5123 3873 3071 "249:, 1Ij'.L 
Ohio 8910 1002,1 5166 6707 6119 5007 374 7 45.1: 

Okla homai 7870 8075 t1600 5670 469 1 197 2 G! 10 
PerfasvIvan iP 8C72 9492 4853 6199 5561 12 6 74 
South Carolina 7169 7.431 4142 4754 4011 2952 230 ; 1'29 
'1ie p n ,-.se e 7690 8144 4309 5390 4350 326 2,-,80 2207 

Texas 8283 6 8 (,H"( 1757 6060 49L,3 3971 795 4,iI 
Virgin in 15 ,2 7 2 5215 5433 '1868 8459 "'9 ( 1' II 

a ,;hintr 88 1 !951 ,15234 6519 6006 '1987 .8,0 :797 
Wi sconisii1 6248 9428 5054 6852 57,16 485 0 1765 9 
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TABLE 13 

Mean income in 1959 of males aged 25-64 in the experienced
 

civilian labour force, by educational category and state 

Icurrent dollars) 

educational ca tegory 

1 2 3 4 5 6 7 8 

Alabama 
 9745 7186 5687 4363 3458 2718 1832 1360
 
California 11087 8201 7206 6184 5052 4315 
 3329 2677
 
Connecticut 11918 8775 6988 
 5944 5054 8457
4485 2738
 
Florida 9269 7076 5783 
 4765 N771 2378
3169 1919
 

Georgia 10033 
 7,124 5698 4402 3537 28,50 1&:" 1383
 
Illinois 11263 8635 
 7076 6223 4974 4190 3'292 28;17
Indiana 10227 6508 .4337
7639 5541 
 3746 213 :5.-532
 
Iowa 9382 6812 5741 4958 3860 3226 23z 1 
 220 2
 

Kansas 9611 73,19 5883 497, 
 3944 'ti18. 2L...
 
Kentucky 9315 5751 3583
6865 4881 2860o 2004 11,5

Louisiana 9939 6161 -1115
7589 4975 33,7 2"L69 1615
 
Ma ry land 12049 6784 4917
8655 574.1 .1091 3-L19 2307 
Massachusetts 10627 7682 6245 5213 4303 01830 3050 i-4I.6 
Michigan 11008 8469 7036 5978 '1907 1 20,, L 
Minnesota 99 23 7506 621, 5155 "N967 :117,1 2R:2i" "5
 
Missouri 9847 7,125 
 6028 5241 .1021 i829 2269
 

New Jersey 11974 89 G8 7101 G191 5173 .1512 :, .
 
New York 11 2,17 8860 6701 586' 4198 .htt7 268W
 
North Carolina 9028 6700 5091 
 .t087 327 ,757 19:1.t 1.t:,:

Ohio 10930 8186 6721 5808 '1384 3999 126 2
 
Oklahoma 9546 57996857 1723 8674 2957 205. 1 1.19 
Pennsylvan ia 10699 60987713 5258 '1364 88 286 2 1tC 
South Carolina 9014 6-155 5107 4099 3254 27, 1885 1882
 
Tennessee 
 9534 6994 5698 ,1422 3308 2703 1921 1472 
Texas 9994 7513 (251 5088 .10i12 339t 2-19 17!)0
Virginia 11302 8200 6002 4931 116; 3301 21, i+ -, 
Washington 
 10118 7559 6656 5616 .1I80 370.1 201 2 .;I I
Wisconsi n 10063 7,178 6322 5607 4,'17 3 70W5 17;i1 2.17', 
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TABLE 14
 

Effective employment in the experienced civilian labour
 

force in 1959_ by occupational category and state 

(equivalent males)
 

occupational 	 category
 

1 2 3 4 5 	 6 7 8 

Alabama 70176 72215 80177 48590 145296 199781 76770 80101
 

California 645653 492496 670850 343796 833805 793109 403963 266288
 

Connecticut 101370 76180 115020 51700 164340 191108 61608 34151
 

Florida 136201 167403 153041 102214 239097 191328 147901 101279
 

Georgia 84628 102887 118574 67t260 163236 263442 105506 z786,5 
Illinois 324886 277079 473667 	 202592 554124 665,09 259883 N-1PI16 

Indiana 131082 113018 157394 82671 258901 347287 10557 90076 
Iowa 	 71258 72085 77775 52870 116539 136106 C(1568 4682 

Kansas 6732-2 3634 70648 '1182.09 16811 97254 41i 1 .1 
Kent,,cky 60352 (02019 73786 40586 122455 1773(G9 57.12z.1 . , 7' 
Loui siana 77971 82,145 85139 46563 130738 159 '82 84965 .- 1883;] 
Maryland 121948 85916 136623 58781 16686O 101277 7-1107 59.9 10 

Massachusetts 19 7526 142265 238370 	 108372 18.5L70 :17: 9-. 1,1051 'Ni' , 

146271 7,212 IMicuiigal 247251 16,3468 267169 4, 24 G35tii 1 l I G 
Minnesota 10588 94679 114779 649341 157205 16(h.9 3'.:289 .5150U 
Mi ssouri 115247 111385 166281 86324 19 883;6 25083 102705 7i 31 

New .)ersev 234078 189908 280969 127704 35232 2 1218 i; 147('A,6 .760 1 
New York (;58"579 5508 48 9,10118 37,1969 831b01(; 10 05255 5t-.s(56 §,111 
NorLb Carolina 91780 978,t17 108714 76692 18934 1 :1i15! 5 101 -7 '0 
Ohio 295,148 240060 354978 182112 555777 (968(j8 21541 1%'i97.t 

Oklahoma 70664 67124 73094 4.239 2 110585 10,1460 5.1508 :;7389 
Pennsylvania 33821 ( 267541 440363 222938 641006(' z405:4 27 3,,'71 2G,)'. 8 
South Carolina 44002 46058 5084,3 37424 9.438,t 161677 5472" 51790 
Tennessee 82112 79977 101975 62349 155399 229188 ,689f0 701]11 

Texas 273659 28,1201 308351 175070 '140885 .164147 24,'. ! ': 1,50] 
Virginia 113572 96250 132041 68127 181099 7 7,15 ,-1170221207'! 
Wasi ngton 103157 87675 99675 56270 155042 13687S 76 0, .5222 
Iisconsin 110550 96578 124982 71681 204883 278848 86i03 651136 
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TABLE 15 

Effective employment in the experienced civilian labour 

force in 19592 by educational category and state 

(equivalent males) 

educational category 

1 2 3 1 5 (1 7 8 

Alabama 63577 59191 168432 179147 98177 204463 137611 40363 
California 626265 721323 1371236 1038172 717999 488785 221084 100894 
Connecticut 100353 75783 199960 170646 168425 113017 33187 22105 
Florida 155902 163221 381774 315653 2,11253 233480 134068 38688 

Georgia 84600 85023 205526 20,4037 107759 261721 191661 ,1(29C 
Illinois 
nd iana 

303698 
113713 

301142 
1107k8 

760297 
386082 

652936 
287754 

728061 
3051,t0 

413516 
184719 

1069,14
PI12, 

58-3 C 
122:: 

Iowa 68269 73342 236064 135275 220056 105033 25722 8915 

Kansas 67795 70650 187928 113457 156112 7217,3 .,420 .1-12C 
Kentucky 54197 56586 139646 126133 213412 178042 118202 2.111.1 
Louisiana 75790 63524 160571 134299 87873 18799 152 42 BN9i2: 
Maryland 113940 80039 201453 18,1477 133462 194371 6 67;1 II16,' 

Massachusetts 189240 160976 457.231 362026 2784,t5 21216 7 !) ,1696. 
Michigan 203894 196559 563245 526157 475480 29i51 1 IM:99 ;8i'MW 
Minnesota 97025 9 7,21 2456,0 159 165 295C3 G 121592 9595 ,1U0 
Missouri 108761 108903 29846 233436 3552 1;1 215,1t45 ',5U13 20 13, 

New Jersev 221937 1684411 453300 .12-1;60 371055 290.1,'i1) C,I C1 '161300 
New York C50449 5081842 1287507 1232930 1085252 07 0)58i 25e- 1 C58 
North Carolina 95675 90607 236653 226218 126.120 -6"(,. 207898 11 -('68 
Ohio 268370 2422L5 759904 647195 5860,18 9 1758" 13715; 1 :W l 4C 

Oklahoma 70309 73.164 155305 125573 132273 l1;29t 7 (-2t 7C 1(225 
PennsyivaIia 3051,18 240763 880759 7,12871 765160 5C7185 1 1726 7s.1778, 
South Carolina 19010 -10438 106338 110724 59056 155815 1] C,.7 82560 
TIenIIessee 72152 71753 185339 168136 195.173 217820 1195,12 614SI 

Texas 280704 288674 572852 54i13 306793 ,l 6,t0 21-:6155 11:3116; 
Virgiria 120592 97918 227971 208,0441 101169 27 679 1 9:-1: -
Va shi ngton 103399 10,t41 259886 17;-:207 169 OtO 8 " _7021 d 7r81t;V 
IVi sconsin 100697 101996 299609 19828 31936,1 170003: 59.192 119' 0i 
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Appendix 2 

Sources and treatmient of' the time-series d-ta ox; wages 

in the United Statesand employment by_ occupation 

The data used for estinmating the tinie-series aggregation function ill Section
 

V were taker. f'ron. the Current Population Iteports, Series. P-60, "Incomes of Pan ilies
 

and Persons in the United States", published hy the U.S. Bureau, of' the. Cezisu.
 

iiore 	 occupa-These give the inconme received by persons agred 14 or in eleven imijor 


as in the treatc~ent of, the cross-sectionl
tional categories. F~or the same reasons 


data, the two farm occupations were excluded, and the categ-oric s "privatte house

"service workers, except private household" were conOhined inito
hold workers" and 


a single category,. "service workers".
 

aill m~oney incom~e and includes rents, royal* 	 The definition of' iiiconme covers 

ties, intorest, dividends,,, /social,• . : securityi, henefits, etc.,='- , , :=:' !!. " . o;"' : : : i i:( '-A '%T.: ii' addi tion to et1ius
 

and is thus much broader thanl would be desirable. As !in the czse of' the cro. .

section dlata, the mean income of' each occupation is not given. directly. Instet:'!,
 

for each occupation, tile percentage distribution over a series of ii~cotiO intero1ls
 

is tahl a ed * Hence i t was again nece ssaLry to e St i i;.IL L rullro ses Lu ive irt ( r e
 

rcollio di sLrliiti fc35iu
f'or each in~terval , taking into ficcount the sha pe of' the 


tho occ::pit ti on, aid to calculate ei average i] iIntori- :ro
thle Lghted ovor the I 


this purpose the procedure describhed Iiii Appeud ix I was I fol owe(! iw thiouti rod i ficc

t il. The e st irna e s of, mol;1I inc ome by occupa Li on fo r r.fI 'o r the Yo: r.,..~I
 

TIable 10. A slitilar table was calculated for 1'emnfles.
19617 aire shown in 


in Owi
Effectivye ei:pl nynsnt for. enlc cI~Ocupati on f'or en ch yo:ar %.-is cal cuiiiaLed 


same waY. as for the cross-sect ion data, that is, by couiining male mn.pl oYn;.cnt onfl
 

1.es fena 1e iic oi. to n'eali i'a lo isr o.&
Ve i 1 e smployme n t wei h ted y the ra t io0 of' 


Thie estion Ls aro shm-wn in Table 17
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TABLE 16 

Mean income of males in the United States, 

1951-1907, by occupational category 

(current dollars) 

1951 1953 1955 1957 1959 19 C1 1963 19C5 19 67 

Prof. & Tech. 5003 5986 6283 7340 8222 87C2 9 2,18 9838 1159,1 

Administrators 5346 6248 6837 7482 8242 9134 9337 10152 12") I 

Clerical wkrs 3418 3944 4002 4,154 4860 5132 5454 57z!9 644t, 

Sales workers 4028 ,1108 5104 4988 5773 5770 6525 7.109 79 fiG 

Cra ftsmen 3760 4316 4518 4951 5405 57.16 6133 (60t 7481 

Operatives 3098 3507 3612 4060 4220 41639 -1958 5307 59 71 

Service wkrs 2548 2902 3051 3165 359-3 3751 .1004 4265 ,1955 

Lahourers 2283 2556 2559 29b, 3162 3193 3401 36W! -1210 

TABLE 17 

Effective em)loyment in the Uni ted'( St tes, 

1951-1967, by oCCu!)!LiW:aII c tu ,.y 

4thousan" e(uivlent, :l .' 

1951 1953 1955 19,57 195 9 19,1 1963 19 65 19(67 

P'rol'. & Tech. 40-18 1130 T6 5 5,7h 5845 6i.0 (745 " I ;, 1 ,2,+1 

Admi ni stritors 5327 5386 5670 59 7b G286 6"03 ((819 6W 7 70 15 

Clerical wk rs 5759 5675 6341 6,159 6 7 65 7(,:)2 7 t l1 I .() - 60I 

Sales workers 2581 2831 2805 2937 2992 :102,1i 3012 ;',.3i75 

Craftsmen 84,19 7924 7957 8068 813 6 80,, '5(} 80 9:818;1 

Operatives 10329 10674 11231 9792 10397 9988 10t,9 11691 117 7: 

Service wkrs 5047 5622 5678 6256 6282 68412 6898 7757 68927 

Lahourers 3363 3250 3545 8063 3032 29'L 8t044 38125 315.1 
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Appendix 3 

The contributions of occupation and education to the 

variance in wages : source and treatment of data 

Tables 2 and 3 of Subject Report PC (2) 7B, "Occupation by Earnings and Educa

tion", of tile 1960 U.S. Census of Population give the earnings of i;ale workers 

cross-classified by occupation, education, age and race, for the .orth and et, 

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 cate .:orios wvere 

reduced to the same number as the educational categories, six, by elininatin,- the 

data for "farmers and farn, nanagers" and "farm laborers and forer;en", ard l~y coP,

bining "operativss", "service workers" and "laborers, except .*arn. rine't a21 irto 

single cate,,!ory. The six cate,:ories are listed for both occupation a,'! e,!ucation 

in Section 1. 

1Earnings for each category were given in the form of th(, nun-ber ol lier.os h.

lon!.in,r to each of eleven earnings intervals. Because te hiIIqest WO cells , 

in general small they were merged. The resulting ten ii-tervi: Is wore: (1) 01 

4999 or less; (2) $1,000 - $1,999; thousand dollar inLterva]s until (.) 7,0.'W 

69,999; (9) $10,000 - $14,999; and (10) 15,000 and over. .Leprset,.tiv... i,'

infs iere taken for each of the intervals: (1) .300; risin'' 1,;,! !-,1-l ;- I 

cat,,.orv iinti 1 (8) F,200; (1) ) 12,000; and k 10) -33,u)0 . fCe ].st i'i' ' 

calculati-,' usio,'a value of 1.9 For the I'areto COVstUnL. 

lit o'i,,r to abstr-nct a., Fa;r as possible From the ei'!ects of aii,, r.C, "t 

region, the analysis of variance w;Ls caIculated for euc]k of sixtel; '1;, of, (I

servatioos fori:jer' by the cross-classification of these varial, s, fle; e. i,.: t.z 

of noan iicomes and their standt rd deviation s obtaired froM L , oie-;,a? aralvsis 

of variance arc I,'vet, f'or occupation and educatioil in Ti hles 1d aln' 19 r,:.-mc t iv

ly. Similar es ti tate s were obtained the it 11,o'i . ,%,for 36 categories o-i . 

variance based .oitly ott occupation and educatioi. 
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TAbLE 18
 

Means and standard deviations of the
 

earnings of the occupational categories
 

Whi te s 
Age 1 2 3 4 5 6R 2 

North 25-34 6900 
(113) 

7861 
(155) 

5044 
(164) 

6680 
(173) 

5771 
(99) 

4723 
(81) 

.077 

35-44 10456 
(183) 

10671 
(182) 

5871 
(250) 

8733 
(248) 

6362 
(134) 

5167 
(119) 

.141 

45-54 11449 
(244) 

11204 
(199) 

5802 
(293) 

8507 
(296) 

6075 
(155) 

4856 
k136) 

.165 

55-64 10893 
(310) 

10750 
(238) 

5457 
(339) 

7556 
(344) 

5615 
(184) 

4314 
(159) 

.166 

South 25-34 6487 
(191) 

6949 
(223) 

4697 
(262) 

5829 
(257) 

4735 
(151) 

3790 
(1I.z6) 

.1 

35-44 9698 
(303) 

9067 
(265) 

54127 
(415) 

6871 
(376) 

5278 
(206) 

105W" 
(19i) 

. 1-19 

45-54 10159 
(422) 

9413 
(299) 

5230 
(526) 

6965 
(468) 

4t793 
(248) 

373T 
(23(6) 

.161 

55-64 93,15 
(573) 

9065 

(382) 

5021 
(641) 

5885 
(589) 

.1-100 
(337) 

320() 
(Lil) 

. 158 

Non-Whi tes 

North 25-31 5076 
(299) 

4750 
(855) 

3978 
(L5 

4000 
(55) 

'1L,59 
( 24) 

3595 
(105) 

.068 

35-44 7909 
( ' 15 4 ) 

6446 
(604) 

4589 
(358) 

4500 
(1258) 

-1631 
(260) 

3951 
(18m) 

. 1(19 

45-54 13040 
(958) 

3450 
(874) 

4735 
(519) 

- 4623 
(312) 

"37.1 
(1,6) 

.257 

55-64 7350 
(1139) 

2000 
(805) 

4625 
(569) 

- .1123 
(433) 

352b 
(139) 

.110 

South 25-34 '1109 
(311) 

- 3756 
(332) 

- 2670 

(181) 

2-90 
(71) 

.12'1 

35-44 4870 
(434) 

2000 
(970) 

4071 
(367) 

- 2740 
(194) 

2517 
(.40) 

.109 

45-54 

55-64 

5450 
(549) 

3500 
(1308) 

2000 
(672) 

1600 
(755) 

4125 
(475) 

3000 
(925) 

-

500 
(1308) 

2691 
(207) 

2262 
(285) 

2388 
(44) 

2176 
(10) 

.123 

.025 

- no estimate for lack of observations 
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TABLE 19 

Means and standard deviations of the
 

earnings of the educational categories
 

Age 1 2 3 4 5 It2 

Whites 

North 25-34 7556 6222 5747 5278 4622 4049 .064 
(115) (133) (83) (102) (157) (195) 

35-44 12142 8785 6956 6014 5303 4633 .140 
(183) (205) (118) (142) (190) (247) 

45-54 13836 9343 7308 6305 5399 4776 .161 
(246) (260) (166) (166) (170) (211) 

55-64 13386 9226 7377 6327 5360 4676 .142 
(336) (346) (257) (225) (177) (193) 

South 25-34 7294 5761 5171 4526 3782 322] .120 

(185) (213) (139) (160) (242) (185) 

35-44 11445 7925 6410 5286 4304 3721 .184 
(292) (332) (206) (234) (3.20) (230) 

45-54 12931 9086 6735 5363 4566 3711 .195 
(422) (432) ( 2KJ 3) (283) (329) (2,0) 

55-64 12228 8466 6043 5489 '1475 3571 .169 
(595) (606) (479) (406) (394) (2F6) 

Non-Whi tes 

North 25-34 5215 4356 4067 3719 3478 3208 
(328) (278) (160) k152.) 254) (211) 

35-44 8578 5389 41752 4243 3944 3720 .173 
(512) (426) (221) (202) (272) (212) 

45-54 13040 4500 4617 4055 3972 3662 .250 
(963) (761) (364) (296) (283) (189) 

55-64 7350 4500 4000 3950 3625 3501 .071 
(1163) (1163) (520) (368) (2,)1) (1(U) 

South 25-34 4213 3167 2750 2489 2411 2123 .117 
(322) (294) (167) (129) (186) (101) 

35-44 4927 3900 3000 3000 2682 2 !,17 .125 
(410) (608) (220) (167) (05) (104) 

45-54 545() 3500 3222 2786 2706 2312 .118 
(550) (953) (318) (228) (231) (go) 

55-64 3500 - 2500 2046 2333 2162 .008 
(1319) (1319) (398) (311) (110) 

- no estimate for lack of observations 
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Appendix 4 

TABLE 20 

t-ratios for the estimates of the pairwise elasticities of
 

substitution between the eight basic occupational categories
 

2 3 4 5 6 7 8 

1 2.0 2.1 0.2 0.9 1.7 4.6 4.3
 

2 5.8 2.0 -0.8 1.5 3.0 3.4
 

3 3.6 3.0 2.6 6.2 C.2 

4 -3.8 0.3 2.9 3.2
 

5 1.7 1.3 4.7 

6 0.2 2.2 

7 1.6
 

TABLE 21 

t-ratios for the estimates of the pairwise elasticities of
 

substitution Letween the eight hasic educational categories
 

2 3 4 5 7 8 

1 1.9 2.3 1.1 -1.1 6.8 7.3 4.9 

2 0.4 2.4 -1.0 4.9 6.5 4.4 

3 3.0 0.1 3.4 5.3 4.) 

4 3.4 2.4 4.9 3.9 

5 1.9 4.0 4.5 

6 4.5 2., 

7 0.6
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