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In this article an attempt has been made to formulate an

econometric model meant to explain income per person in various com-

partments of the labour market, defined by the three main levels of

education and by education required. Moreover the model enables us to

ostimate the effect of incressed amccess to education on that distribu-

tion. The model is based on a Cobb-Douglas-like production function for

et

he economy as a whole; a function from which the contribution to

national product by persons in each of the five categories of manpower

considered. This production function constitutes the supply side of

jobs. The demand side is derived from utility functions following a

theory developed elsewhere Lf3;7 which containsone parameter indicating

the quality of the individual, here represented by his level of educa-

tion. In addition the utility function contains a variable indicating

the type of job taken. A distinction is made between primary labour

income and asecundary income, that is, income after direct taxes. The

model is based on a few more assumptions replacing lacking information.

around 1960/66. The set-up deviates, on some points to be discussed

later from a more detailed model constructed also for the Netherlanda

4£:,L;7; in some respects it is simpler, but in one other it follows an .

alternative rather than a simnler method. The author believes that some

aspecta of the model are in need of further analysié, vhich he hopes

&

be able to carry out later. At the present stage the model seems worthy

of submission to the criticism of the profession.

labour incomes of the upper and the lower group considered of about 3

can be reduced to about 1,5 if instead of 3 per cent of the working
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force 6 per cent had third-level education and equality of incomes
would require that 8 per cent of =etivce population is sble to absorb

third level education.

2. Description of the model: {I) varisbles

For a number of variables two suffixes will be used to indicate
various compartmenits of the labour market. The firat suffix indicates
the nature of the job held, by the education level best fitted to the
job category. The assumption made here is that this level coincides
wlth the upper gquartile of %the individual levsls found in the census
of population for the ocecupations conaidered. The second suffix indi-
cates the actual level of education of the group (represented by the
median of the gToup),

Variables showing these two su{fixes are ;ﬁh s primary labour
income; 9 hht? portion of labour force working in eampartment h, h*;
T » labour income after direct taxes. There are also two parameters
with two suffizxes, ﬁ21 and ﬁjg? indicating the ratio of productivity
in j»ob 2 with education 1 to the proluctivity of people with the same
édugaﬁion but working in jobAj (f;: 1I21) and the corresponding ratio
for individuals on job 3 but with education 2 2 (for n ) While for
the parameters gust discussed only two combinationa of aufflxes have

= 1 anyway), the number of

he introduced (sinc T L
be§n introduced (since » - 33
suffix combinations is five for the variables mentioned, shown in

Table 1.

Table 1. S

_Lavel of education: i : 2 3
Job paramater: 1 11,9 794 L. .
. = © 9.._=0.030
3 . % =0,026 ?33 | 3




This table is not in complete agreement with reality, where
small groups are found to exist where dots have been introduced in
Table 1. The reason for the deviation is that it is irrational for
the individuals to choose the empty compartments (cf. Section 7).

Other variables have only one suffix. This applies to FT‘ F,
and F3 indicating the total numbers of people with education levels
1, 2 and 3, expressed as portions of the active population. Then, it
applies to the exponents in the Cobb-Douglas-like production function,

written as 91, P, and p_ (ef, again Section 3). It also applies to

2 3
some coefficients where no indication of education level isg at stake;

thus we have two coefficients Eﬂ and c¢_ in the utility function, chosen

this way in order to correspond with aiﬂther article on the same subject
éf?sjz We also have three coefficients 51; 52 and 5:5 to relate income
after tax to Primary income. Finally, we have three coefficients in
what will be called the income scale offered by the organizers of
production to those applying for jobs; these coefficients will be
written 11, 12 and A3! The only variables without suffixes are total
production y, a constant C and multiplier,gg: 1.25 attributed to the
production factor capital. Since we count the numbers of the labour

force as their portion in total papuiation;!g can also be said to

represent average income and ¥/p average lsbour income.

zon of the model:

II) relations

The relations of the model are twenty-one. For elegance's
sake we start numbering them by (0) because of the possibility this
opens to present three times five equations which follow by the numbers
(1) through (15). The production function (0) is written:

. p, P \
y=0p (9., +1%,09,) (905 +7 5,9 32) " 93 (0)

The figures in brackets are the Porticné of the working force
with education level 1 and 2, respectively, where People in the next
higher jub are given a weight 21 and é%g respectively. The basic
assumption of the model is that people with the highest level of educa-




/
tion are in short supply and hence all employed in level-3 jobs.
The elasticities of production with regard to the numbers with

p,.and p_. As

education levels 1, 2 and 3, respectively are §1, 5 3

preneurs, these exponents at the same time indicate the portions of
income received by thess groups. As a consequence the per capita
incomes of the five categories are:
i _
11~ , 9
T P %y
L
2t 27 , (2)

» = i £ jt I o
et P * TP

(1)

1

1, = St (4)

lyg = 2" (5)

In addition we assume that these incomes are situated at an
"income scale":
. e - ] o 7 , S
igg' = g_xj +—§,12 + 13 (h, it =1 ... 3) (6) F?g§ugh
This relation applies to the five combinations of h, h' shown
in Table 1; as an example we have for h = 3, h' = 2:

Iy = 3 A+ 20, 4 Ay (9)

The simultaneous validity of equations (1) through (5) and (6)
through (10) of course implies some relationships between some of the
parameters introduced; vwhich will be discuased in Seection 5. For the
moment let me state that with a high degree of accuracy the empirical
material used (cf. Section 4) satisfies these conditiona.

A third group of five equations indicates the relationship between

income after tax b ard primary incamejfar_each (Qigj) considered:
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1.7 .2 U 3
- Llg : hrough (

W

This relationship characterizes the tax rate system; for
g ] =0, Eg > 0 it reflects a progressive income tgx;fégimeg

¥hile the preceding equations represent the supply of jobs
by the organizers of production we now turn to the demand side. In
principle each individual will demand for the type of job which maximizes
hig utility., We assume the existence of such functions in the form:

, L 1 2 1 2}
w_ = 1 - e - - =p h = ht
In % Ihh‘ + > % {(h - 2) 5 C. {rn - n)

hh' 2

The assumption implies that a utility function contains:

(1) parameters characterizing the individual; in our case only h',
the level of education attained;

(2) variables characterizing the possible jobs; in our case only h,
the level of education preferred by the organizers of production
for the joba considered and

(3) coefficients characterizing the human species, in our case only
= and £,

Elsewhere a nunber of arguments have been offered in defence of
our assumptions / 1_/, including the appearance of ‘the term in (h —,E')gg
In the same study it was found that the influence of h on utility was
found to be negative for low levels of education and positive for high
levels of education. In the present article this situatiion has been
reflected by the choice of the term % c, (h - 2)2.

Confronted by an income scale (6) -~ (10) and a tax regime
(11) - (15) an individual with a given ;' tries to maximize his utility
under these restrictiona. In the present model with five 1 '3aible
positions only we can replace this maximization proceas by o equations
and one inequality which have to be satisfied. These have to expresas
the situation for each of the three fypes of people. Those with primary
education will tend to prefer a job h = 1, depending, however, on the
net income attached to such a job; since there is a surplus of persons
with primary education only, partiaf the group will take ta higher job,
h = 2. In order that these two situations coexist, it must be indifferent

Q | 6




for "0se with h' = 1 whether they take h = 1 or 2; that is
11 21
Upon substituting into this equality x by i and 1l by its
expression in terms of the income scale we obia
1 1 LA
—_ = X - =
X1t 2% T 21 T2 % (16)
or:
1 i, 2 : — 6
S, t5 0, = 8N =5 3311 = AN, B A (16*)
Similarly for those who have secondary education (g‘ = 2) we
must have
W
22 32
‘ or

1 ,
220 5% 75 % T2 % (17)

il
b

i -
L]

I

X

identical with:
1 1 : 2 _
-3 c, + > c, 5111 -‘;Ek =2 EE}HKE 752)\17\3

For people with h' = 3 there will be sufficient jobs h = 3,

(17+)

2
1

and the wage and tax scales will be such as to make this preferable to

them in comparison with h = 23

w__ =Y or x.. ++o¢ 2 X, l" - ;'E
33 = 23 33 2 o= 3 2 2 2
or:
T Ex +§F;;\ + FE AN, +E AL (177)
2 o 2 2= Té 12 2153 )

For the numbers of people in each of the compartments in Table 1

we must have the balance equations

ﬁ1 + ¢§1 = F, (18)
%o * Psp = Fy (19)
Pyg = I3 (20)

The 21 equations (0) through (20) enable us to solve for the
unknowns y, 1 (5 in number), x, ¢ (also each 5 in number) and the income
and tax scales' parameters (A and £, where 53 will appear to be irrel- -
evant and hence 5 unknowns only). We consider as given, for the time being,

the 5 coefficients 91, pgg 93, i%1 and ﬁ'SE of the production function,

7




the income portion of eapital p (determined by past sav1ﬁgs) he 2
coefficients <, and [ of the utility function -1 the number of
people (expressed as portions of the labour force) zﬂ, 2% and Fé.

The solution of this "analytical" or "“explanatory" problem can
be found along the following path. The five 1 can be eliminated between

(1) - (5) and (5) (10). The "mixed" P, and @3, can be expressed

in terms of the ~“hree F and the "homoneneous" Piq? @EE’ whereas ¢3§
is already solved with the aid of equations (18) - (20). Both A1 and

12 can be expressed in terms of production function coefficients and

homogeneous .., 9, by subtracting (6) from (7), (8) from (9), (7)

from (8) and (9) from (10):

N _ 7(7“721 = 1) p Yy . 71::7327 5'1 7) pgy - (21)
UL TN (F1 - 9,) Pop + Mgy (Fy =95))

. - P2¥ TRy Ps¥ T‘;ngy
2 Popt™ (FE Do) Pty (Fi=9) T Fg 95t (F,- %2

4. Estimation of the non—-observable entltle%
In Sections 2 and 3 the model has been presented as an analytical

or explanatory ﬁodel; meaning the usual presentation of models, where
the unknowns are the target variables and the irrelevant variables in
the terminology used previously 4?2%;7. The same model can be used as a
policy or planning model, where the unknowns are the instrument and the
irrelevant variables. Some of the entities involved can still be inters-
preted differently, and interpretations are a queétion of taste in some
cases. Thus, the A can be conceived as self-adjusting market characte-
ristics or as consciously government-used insiruments,

Independently from these considerations the problems of measure-

ment may be seen as a third category of using the model. I will call this



F, and hence of the P and the . The &, but also the A were estimated .
i

with the aid of (extremely simple) multiple regression techniques,

however. Thus we found:

1=1.54 h + 5.0h' - 0.9 (23)

x=1.51 = 0,030 1 = 3.4 (24)

1at

meaning t

Since the number of unknown coefficients to be estimated was
equal, in both cases; to the number of cbservationsg the reason why
these regression equations did neverthe less not show multiple regression

coefficients exactly equal to one is that the "scales" are somewhat of
a straightjacket to reality, but not much of it. The fits are quite good.

Finally, it was possible to reveal, with the aid of equations
(16') and (17'), the utility function used and to find that, granted
our theory of the utility function, the best fits yield

c, = 0.63 ; cé = 2.84 (25) (26)
These coefficients alsc appeared to fulfil inequality (17'').

The importance of having these estimates is that they in pfiﬁgiglé
enable us to determine the social optimum (requiring one more assumption
on how to determine socisl welfare,given individual welfare (utility)
functions).All this has been discussed in the earlier study referred to
already several times. We will discuss a few similar rather ambitious
applications of our model in Section 5. A su vey of all figures found

and used will be found in Table 2.




le 2. Values of observed as well as non-observed but estimated variables end arameters
in the model (The Netherlands, 1960/6)

mbol Velues of h, h' Units 11 21 22 32 33 Averagé

X Primary labour incoze hfl 1020 6.5 8.7 19.0 7.23
! Incore after tax " 5.7 8.3 14.0
' Total
: Frequency per cent  79.4 11.7 - 3.3 2.6 3.0 100
h L N S
, Frequency of educ.levels " " 91.1 5.9 3.0 100
" Productivity ratio 1 1.27 1 1,13 1 '
e e o 0
, Exponent Cobb-Douglas " i
production function . 0.648 0.088 0.064 0.80
Primary income scale lhh' =1.54h+ 5;6 h' = 0.9
Income after tax scale Ihh' = 1.5 1hhr = 0.030 lih' - 3.4

Coefficients of utility

funetion _ ¢ = 0.63 e = .. .4

- i

e o . 1 2 l , 2}
Utility function = l;i{:hh, t3¢ (h=2)"-7¢ (b -n')

e on sources: Figures for total primary income of various social grcups Nota over de ;gkamensver-
deling, Bijlage 15 Mil]ocenennota 1970. (Msmcrandum on income distribution, Annex 15
to Budget Proposals 1970) The Hague, Parliamentary documents, State Publ. Office,
1969,
Estimate of labour income canta;ned in total primery income: Inkomensverdeling 1966
en vermcgénsverdallng 1967‘_(Inccme Distribution 1966 and Distribution of Wealth 1967),
Central Bureau of Statisties, The Hague, 1971.
Income after tax derived from "Nota". Frequency distribution of working force over h

aﬁd g‘; Census of Population, 1960, Part 8, Central Bureau of Statistica, The Hagué, 1969,
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. Some uses of the model and supplementary relations needed

The essence of our model, as we see it, is that it show. the

influence of education on income distribution (primary as well as

after tax). The observed fact that ;33 is about three times ;ﬂ1 and

;22 about twice ;ﬂ1, is linked, in our model, with the relative scar-
cities of people with different levels of education. Relative scarcities
can be ezgressed by the ratios g%-, %i and £§ . In the obr wved
situation these ratios are 0.71, 1.50 and 2.13, whose values show
relative sizes correspon.ing fairly closely with the relative values

of 111i 122 and 133,
that the values @21 =0

being 6.5, 9.7 and 19.0. It is also easily found
50 = 0 together with the assumption

EL P2 B , (27)

h

are compatible with our model and then yield 111 = 122 = 133 wit
M=
Complete equality of incomes is possible provided that the

1? F2 and F3

the values of P corresponding with (27) are:
Pt = 0.81 o ). 1" ! = .C 7 a
F, .81 Fj = 0.11 F3 0.08 (28)

can satisfy equations (27). Since F, +F, + ?3 =1,

1

Whether of not such equalization of incomes is possible then
becomes a question of whether indced 8 % instead of 3 % of the working
force command the capabilities to sccomplish a third-level education.

Assuming that such capabilities are not available with 8 % of
the population, but, say with at a maximum 6 %, the problem may be
formulated how changes in the F affect income distribution according
to our model. In an attempt to solve this problem we meet a number of
difficulties. To begin with, we cannot consider the ﬁ21 an§ f%2 to
remain constant with changes in relative productivity of the groups

9 and ¢ __. Rather must we expect these 7T to become 1 in case

117 P22 35

' _the productivities just mentioned become equal as a consequence of

equal scarcities of the three types of manpower congidered. From &

number of attempts made it seems that the path along which the % change
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with changing scarcities is relevant, at least - if we want to
maintain all other features of our model, especially the coinci-
dence of the income scales given by equations (1) = (5) with those
given by (6) - (10). Clearly it is conceivable that this coincidence
does not persist.

Indicating the variables of our new problem with two primes, and
asking what income distribution will result from a given rise in Fé‘
while maintaining the coincidence of the two income scales just dis-
cussed, we were able to conatruct an extended model and solve it for
E%‘ = 0.06. The = were replaced by the relations:

| (P HNC -
wht == (29).
T2 1

KN P Fé‘ T L
T3p = o ‘ (30)
_ '3 2
 where ¢ and T were chosen so as to give the obaerved values 321 =1.27
nd wn,, = 1.13 for F'! = F. . It appeared ; 0 = 0.3 d T= 0.
and RSE 1.13 for Eg % It appeared that o = 0.32 and 0.34
fulfil these conditions. Further experiments with various sets-F{',

Fé' yielded one possible solution for F;' = 0.845 and Fé‘ = 0,095 with

thé*?hhi » @s given in Table 3.

Table 3. Values far?;hi‘
h' —> = 1 2

LY

— <-,_b"
|
|
|

'0.609 . .
: ’ O; 077 L]
0.018  0.060

LY ]
. ©°
[ih]
&
o)

Total 0.845  0.095 0,060

In addition it was found that in this solution
1ii =

1 '
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méaning’; reduction to one half of that ratio. Inequality has been
reduced even more, of course, since the frequencies of Table 3 have
become less unequal simultaneously. The impression gained from the
trial-and-error process carried out is one of écnsiderabla sensitivity o
of the solution to small changes in the values for F;' and Fé'iani the
need for further theoretical exploration of the model presented. The
model would appear anyway to be an improvement of a previous model

given elsewhere, which does not permit the mixed %11ﬂ(i.e§.§_¥‘£‘) to

becomé zero and camnot at all be valid in a considerable range around
this zero value.

' Another question arising is whether the tax rates have to be
changed in order that conditions (16), (17) and (17'') remain valid.
We will not go into this question here, however, but rather leave it
to later occasions. It appears that the solution of this latter problem
sort of straitjacket (just as equations (6) - (10))which need not

always be assumed.
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