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= In recent years there has a greater emphaszs glven te

- 2

the matchlnq/sortxng.models of human capltal xnxestment in
these models, education generates better #grson specxflc

information which leads to a reeurn from meroved flrm-

e -
\_.

worker matching. The first’ purpose of thls.thESLS is to °

explain the faotors” that determine the real return for'
; _ _education through oetter firn-worker matchxng The second
purpose is to’ examine how~ this return 1is affected by
~ .chences in the. economy. Effects of two changes, one xn the
labour mhrket and tne other \a government policy, are
/examined in  detail: firstlf. the change in the .age

u~composition of the labour foree as the Paby boom generation
is passing through the labour force, and secondly the
introduction of a social pension plan. ﬁhlike‘the previous
studies. the effects of these changes are examfhed in terms
.of a chenqe in the ellocetive benefit from séhoo!ing
The thesis shows that the real return from better
firm-worker meéching is determined .by the structure of
demand for final output. ' The qreqter the demand for output

»

produced by the older worker intensive' industry, the

i1 .. - .




PR

“level. For

has the opposite effects. o,

be the ‘gain
Ve

investment in perqon specific information. It is also shown

1arger will™s from speciélization thrc 3h

that the individually chosen investment in information will

be.in general smgller than tho, 'golden rule' steady state

the ‘economy :d# a whole a  higher lcvol of
productivity gains from ‘scheoling will3'leac to a lower
-allocative gain. . - :
S €& ' " ' : |
Agy chang; in the age structure of the-lahour farce - *
leads to a change in the real gaihs from better firm-worker ‘9
matching and the leyel of investment in information. wWhen )

the number of younger'workers increases,'throuqh changes in

the demand condit’b?s the allocative gains from education

increase, and the: leyel of investment in information is.

also increased. An increaée in the number of older workers

-
. v
- Pl

hd 4

In the presence of a. social pension plan tf the growth

rate of the pension contribution and the rate of intotest

are. nét equdl,. “the. return from,, as well as

!

level o£,
ianstmont ,in information willpbe atfected Ln the case. ot

proportional or-reqressive tax rateq, it cthe. pension fund

grows at a faster - (slowor) rato, ‘the existcnco .of such a
plan will increasoﬁ(dqcreqso) ,the return from information ',
bgt‘docrea;e (increase) the -actual level of investment in
information. ' ’
o
o' ) N ’ , . - L J ‘5 :;“\ -'. .. .‘
. ~ N . 3 b ® . .
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CHAPTER 1
¢

. INTRODUCTION

hY

I. THE MODEL

Economic theories of human capital investment focus on
a variety of questions{csuch as: What‘determines the return
gfom sghooling? Whaé are the determinante of individual's
demand for educationé What is the optimum level of social
provisipn of education? These questions have been widely
examined in the last thrée decades. Broadly speaking we can
distipguish the.following three approaches in the resulting
literature: ‘

1. Productivity theory: The idea is that education
increases tke amount of resources embodied in an
individual. $o productivity of an individual 1is positively
related with the level of education and the.wage difference
between a more and a-less educated individual reflects the
conﬁribution of education. (Beckef 1964. Schultz 19%0.

Mincer 1974, Ben-Porath—1967). ] ‘

2. Information Transfer Theory: The labour market is




/
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characterized by heterogeneity and diversiéy in the supp1§
side, where ‘different ﬁ;iker8~‘havé d@fferent types/levels
of-;bility. It is assumed that the worker knows his/her own
ability but it is not known by othérs. ‘Human cggital

investment is the process through which informatien '

regarding his/her ability is transferred to the €mployer.
(Arrow 1973, Spence 1974, 1976, Riley 1975, 1979, Stiglitz

1975, willis and Rosen 1979, Guasch ard Weiss 1981, Wiliis

1986). I L
One such model 1is developed in yillis (1986) by

‘extending the Willis-Rosen model (1979). It is assumed that
individuals have different occupation specific ability an&.;f

Lace a given occupational wage structure. By choosing _

different levels and types. of education they reveal &heir
ability and accordingly enter;differenf occupations.

The‘ behaviour of a' firm under such . asyumet‘ric
information is exarined in Guasch and Weiss (1981)‘in a
partial equilibrium framework. Thqy showed that if workers
.are° risk averse. or risk neutral, there exists a wage
structure which can be used to sort the wdrkers.

3. Information Production Theory: 1In this type of
model also it is assumed that workers have different types
of ability, but neither the worker nor the employer are

. assumed to pavo information regarding the ability of a

Id
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3
worker. When information is proeuced through human capital
}nvestment it becomes known to eygryone _?Hanonald 1980,
Jovanovic 1979, Johnson 1978, Flinn 198§,zMii1er 1984).

MacDonald (1980) Showed that there are both private .
and sociel retu}nsf from information-generating hunan -
capital investment. His emphasis 1is on the individual's
optimization decision, where the return from better
information is giveﬁ exogenously;

Most other models of this tfpe studied human capital
in’ the form ,of on the jeS tréining' (OJT) and exa@iﬁEd its
role in determining job turnover. Jovanovic (1979) studied ~‘
a production process which éenerates'info:metien, His model
is extended to a.‘s.ptihudus‘ time_eeee in Flinn‘(léaﬁ}.ou
Johnson (1978) and Miller (1984) also looked at OJT as an 7

informatien generatlng process. In all these- studies it i§~fﬁ;e

assumed that the value of znformation generated thnngg,-
human capital investment is exogenousiy qiven —aﬁﬁ ;ﬂe
emphasis is en the problem of individual's cptimizatscn

‘ Rosen (1978) exam 'ed <ihe4 use of person-specific

information from the poin og/view of a firm when the: final
demand for the firm s output is given. In his model workers°
take no actlon to alter abilities or information.

Thus in the context of 'information production' models

the question 'What determines the return from human capital

o



o

-

investment?' remains unexplained The first purpose of my
theeis is to provide one answer “to this question. This,
'issue is examined in chapters 2 and 3. o

The gain from‘schoolinggln the lnformetion production
. model comes from an chreased productivity as a result of
" an improved match of a worker and a firm. It can" be"
argued ' that the reel return from 'improved £i :m—worker
matching is affected by the structure of demand for fznal
output. In an extreme case, as an economy specializes in
tbe production of.e single\commOAity, "all the fectors of
. produetion are‘_used in one industry and tﬁe gain from
person specificzinformetion will be at its minimum. Thus in
order to study what determznes the return from better job
metchinq we will examine. the followinq question. -How do the'.

demend' conditlons' affect tbe return from better job
] metchinq?‘ ) )
| Since we are going to.eremine the structure of demand
tor the~ economy the most appropriate method is to’° use_a‘
general equilibrium framework. Using the labour merket
itructure of oMachneld'; mode? 1l980l a simple qenerel
equilibrium model of imperfect person epecific informetion
in the Iebour markét is developed in chepter 2 We will
‘call it ‘the basic information mbdel'; since if.- is assuned

"

that human capital. investment only qeneretel information. .’

—

" ; o
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The J‘Fabis showe that the real return from better
firm-worker ﬁetching is determined by the structure of
.demand for final ocutput. The:gteeter‘the demand for output
produced by the 'older‘ worhef"intensive‘ industr&,.the.
larger will be the .'gain V}rom Bpecialization through
investment in person specific_. information.
. ‘But schooling also .leads to an increase in the
quantity of resources embod;ed in 1nd1v1duals, which is the
'produet1v1ty augmenting effect {Becker 1964 SChultz 1960,
Mincer 1974, Bén-Porath 1967). In chapter 3 of this thesis
I have - developéd a moqel where - schooling increases
productivity:of a worker as well as generating informagion..
It is found that for'the economy as a whole a'higher level
of producthLty galns from - schooling will lead to a lower

- -

allocative gain.. .~ ' . P

II. APPLICATIONS S

-

Basic deta on earnihb& qg:—eaacatlon ‘show that the
return from. schoollng is not constant over time. Thus ‘the
‘§uestxon arises What causes‘ ; change in :he return from
' educatién? In my thesis I have examined the _role of two
different factors which nght have some effect- on the
returns from education through better firm-worker-matchinq.

_ge Structure of: the Labowr Force

pegihninq in the early 1970's with the labour market




. ‘ . ;; G
entry of the post. world giar iI K baby boom' generation the_
number of younger - workers in the labour force  rose
significanﬁly compare& to the numbgr of older workers. This
motivated- a number of studies. 'to ~exomine the process
through which cohort c}ze affects the return from, and the
optimum choice of humap cdpitil investment (Freeﬁan i975,

1979, Easterlin 1978, Welch 1979, Bérger 1985, Dodley 1986;

Dooley and Gottschalk 1984).

Welch (1979) argued that the  change in the age

structure of the labour.force affects the relative earnings

-

of the different cohorts of warkers, Since workers with

different levels of experience'aré impefféct substitutes,

for one anothe:r. So a relative increase in the number of '

.

younger workers will decrease their relative earnings.

Welch examined the wage depressing g?fect over time inf
) ~

terms of a career phase model, where each workér passes -

through different phases of Lis/her career. He predicted ,
faster income growth for a larger cohort. In his analysis
the relative earnings of different cohorts arc affected by

relative supply.changes only. ‘ ' .

On the other hand Freeman (1975, 1979) argued that the

depressed wage of the larger coﬁort in the 70's ‘was a

‘result of chanqes in both supply and demand- conditions. He,

arquod that in the 1970'8 the u.s. economy experienced a

.




shift in labour deﬁand against the group with hiqher'

schooling due to a change in :the industrial structure. He

also argued that without a favorable demand condition th;

supply effect will dominate and the pembers of the larger
cohort will not exﬁeriéﬁce a faster income growth rate. In

his study the change in the industrial structure and the.

demand condition is considered to he exogenously given.

Berger (1985) in an empirical paper estimated a .

modified version of the Welch model and concluded that the

[}

members of the large; ezgkft.in fact experienced a =lower

income growth rate.

Dooléy (1986) examined the ‘cohort size effect in terms
of .relative supply change for the Canadian economy. His .

findings‘are.génefh}ly consistent with those of Welch, that

is the members of the larger cohdrt»experlenéed a depressed

wage rate, with the downward effect decreabing with level . -

-0f experience. fBut his study cannot explain the faqt thaﬁ

the earnings gap |is narrowing between. workers with

-different schooling levels for both youhq and old workers.
-Dooley, like Freeman, also concluded that the change in the

structufe qf .demand should be studied in o¢rder to fully .

explain the cohort size effact.

Dooley and Gottschalk (1984) examined the effect of a

.chﬁnqe in age composition‘ of the labour forcclbn relative

-

.
LS _—
r—y
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earnings and income inequality. " They studied the effects
f-om supply side point of ;iew, and argued éhat the most
appropriate approach to examine the problem is to use a
general equilibrium model where the rate of change in the
return'from schooling and optiﬁum level of schooling are
determined simultaneously.

All these studies attempt to explain the effect of a
change in-;he age structure of the labour force in terms of
relative supp;y change. As shown.in Connelily (1986) the
predictions:- in these studles’differ due to differenﬁitypes
éf production function assumed in different models. Also
all the studies so far considere& that'the ;ohort sizé has

nothing' to do with the; demand condition for labour and

.demind conditions are given exogenously. But with a change

in the size and the age struc;ure_of the labour force the
production possib;lity frontier for the economy will shift.
This will result in a change in both the relative prices
and the amount of | production of different commodities. In
the first .part of my thesis it is shown that the market
demand condition is directly related with the allocative

benefit of " schooling. So for a complete picture of how

'cohort size affects human capitil ‘inveptmcnf, one should

not ignore the effects on the return from, and the amount

of schooling, through changing demand conditions.

R
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'An appropriate theoretical framework for studying the

demand effects is to examine the allécative benefits from

schooling in a general equilihrihm modei whé;e the rate of

- N - .
change in return from schoocling and optimum schooling level
are determined simultaneously. Thus the general equilibrium

model of the labour market developed in chapters 2 and 3 is

applied to examine the problem addressed here. This is done .-

. in chapter 4 of this thesis. N

[
. +

It has been shown that any change in the age structure
of the labour force leads to a chdngéﬁin-the’relativei
output price. This changes the _allocative benefits from,
and equilibrium level of. tcﬁzoling. As a bgby boom
generation passes through the labour force, due to chgﬁges
ip'thé demand conditions, they will.iggé a depressed ma;ket
wage and will chocose a higher level of schoqling. ‘

In addition to the baby-boom effects two-otheg‘chandhg-
in the age composition of 'the labour force are'also
examined. One is a Selggtgve immigration licy, wheré a

large number of .skilled older wotkerg are_.allp@ed to

immigrate which results ‘in a cﬁange in the age-compositionm ..

of the 1labour force. The other is increased Rabour market

participation of the secondary workers who' are mostly -.. _

unskilléd and have relativély shorter working life.

An incréase in the number of ~secondary workers,

-

e e Y
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increases both the allocative gain and tﬁe optimum level. of
schooling. This results in an increased earnings inequality
between skilled and unskilled. An increased immigration of
skilled workers has opposite 9ffects.

Social Pension Plan _//»

Human capital theor; loéks at the schocling level as
an individual's decision, Qhere he/she’deterﬁines the levél
of investment on the basis of costs and benefits from the
invest:'nent. Since the’cost and benefit structure from
échooliﬂb is affected by the exiétence‘of a social ﬁension
plan, ‘it will -affect individuals' optimum choice of
schooling. '

Drazen (1978) and Black (1987) examined the effects of
a social pension plan on human capita& investment. The
study by Black . examined the incentives created by
intragenerational transfefs through’a social pension plan.
He showed that such a program increases huﬁan,capital

investment made by 1dwer income groups while that made by

. higher income groups will decrease. On the other hand

Drazen examined the incentives created through
interqenerat*?nal transfers due to such a program. ‘Drazen

looked at a model where individuals don t choose their own

 human capital investment, but rather determine that of the

next generation. Both of these studies examined only the
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productivity augmenting .éffacts of schooliné in a partial
equilibrium model. The return from schooling is assumed to

be given exogenouslf and fixed.

[ 4

In chapter 2 of this thesis it is shown that in a
general equilibrium framework individuals' optimization

through changes in the demand structure’ might affect the

_ returns {through better firm-wo:kgf matching) from

sghooling. In chapter 5, I have examined the effects of a
social pension plan on theuyqturn from Schooling in terms
of the genéral equilibrium model. It is found that a sociaf'
pension plan wi ; affect both the return from, as well as

level.of, investment in information, if the growth rate of

‘the pension contribution and the rate of interest are not

equal. : !
Finally a summary ok the findings and some concluding

remarks are given in Chapter 6.



- CHAPTER 2
- -

THE BASIC INPORMATION MODEL

& \

The purpose' of this chapter is to examine the role of

L ]

. the’ structure of final demand in determiping the return

from as "well as the equilibrium level of .investment in

information. Using the. labour market structure of

MagDonald's model (1980) a simple general‘equilibrium model

“of imperfect person specific - information in,~the lahour

market is developed. Unlike the partial equilibrium els,.

the-return from investment in information is endogenous in
this model In the next section the structure and notation

are given. Section III discusses the derivation of the

production possibility curves. The preferences are given in )

section Iv. The steady state golden rule production plan
and an individual worker's optimization problem is examined
in section v and Vi respectively. The actual équilibrium
for 5;\ economy ‘is studied in section VII and the nature of
the capital market is discussed in section VIII. o .

Q
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II. STRUCTURE AND NOTATION

There are two goods a and g, each of which is producéd
using two inputs (tasks) T; and T3;. The production

functions are assumed to be Leontief type fixed ccefficient

functionl,
(2.1.a) YS = Min (T“llal, T32/&é) .
(2.1.b) v® = Min (TBy/b;, TBs/by) |

where Y] represent output of industfy i, Tji denotes the
amount of task i used in industry j, aj-and bj are the
task-output ratio for. ¥ask i in  industry a and B

) iéspectively. Industry a is assuﬁgd to be task 1 (TyF

intensive while B is Ti tntensive, that is. " i

° © T ay/ag >.b1/b2f , -t
. ‘There are two types of workers in'tﬁé wofkforce, A and
i?; Every Sne in each type‘fs'ideﬁticqf. The_only diffEfgnce .
- between %ype A'and B is in terms of the amount of 'tasks
R they can perform, which are, » ‘

A (tA;, thy) . ‘
B : (tal, ta§) ‘ . .
where tJ; stands for maximum amount of task i that can be
performed by one .individual of type j. Neither -A nor B type
wquerQ in this model are assumed to have absoluto.
' advantage ih all ta{};. Thus

- +

tAI > tal and tAz < tsz

{=
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i.e. type A is éfficient in task 1 and type B in task 2.
=z Tﬁe production functions, equation (2.l1.a) and (Q.1.b) are
———:—~assam;d to be such that type A workers are perfectly
matched'with industry a and B with industry 52. So !ji, the
output of one individual of type i in ;ndustry j will be, _—
J (2.2.a) Yo, = tA;/a,
N (2.2.b) B = tﬁl/sl

tAzlaz . YSA = tazﬁbz < tAl/bl

tBy/by, , Y9
In this cﬁ:pteruit is assumed that each worker lives for

tBl/alA< t%z/az

“two periods and that at any particular period of time there
are two groups of workers of gqual size, one group at their ////
: initial period of life (young workers) and the other :in the
final pe?iod of their life (older workers).
Let the total number of A and B type workers in each
group-be A and B respectively. Then the total availability
‘of task from each group of workers is:
(2.3.a) ‘T, = tAX + BB
(2.3.b) Ty = tAX + ¢B,B

The total use of a task in production from one gfoup cannoct

*

exceed these availabilities. The cohstraints are,

(2.4.a) '1‘°1+'r51 = Tl -— .
(2.4.Db) . TO+18, = T, T
Iggornation~'

It is assumed that one half of the workers in any group
{young or old) 1s’type'A and the other half is type B (i.e.

*
¥
.
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X = B) and this information is known by everyone in this
- model. But nobody knows which type of worker one particular
in@ividual is. For young workers no other information is
available. However a test is available to determine whiéh
type of worker one 4is. This test will assign them a value
"a' or ‘b’ and the probability of a randomly selected

individual getting "a' or 'b' is §. P(j/k) is defined as

) . - the probability that given label ﬁ one ié type j worker.
This probability varies froﬁ $§ to 1 and increases with the
intensity of the test. It is assumed that,

P(A/a) = P(B/b) =P > §

P(B/a) = P(A/b) =(1-P)< }

It is assumed that the only cost of the test is the
fraction of time required for the te{F, sas S(P), and it
increases at an increasing rate withkthé teat intensity P.
i.e. s'(P) > 0, Sg(P) > 0, further S({) = 0 and S(1) = 13

*

In any pericd for perfect information all the ¢time is
. ) requireq for the tesé. Informagion generated through this
-~ test cannot be used in that period. So in any period only

the younger workars will go for the test.

Expected output |
Young worker: If any young worker is chosen at random,
the probability th;t he/she is_ of type A is 4 and the
probabi;iéy'that he/she is of type B is also §, since i'-
< - "\ - .
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B. so if any young worker (in period O of his/her life) is

employed in industry a, the expected output Y2, will.be,
Yc"o *YQA + QYGB

Y35 + $(Y3p-Y3) let Y%= ag, (Y3a-Y%gl= a3

.. = ag + fa3 ’

If one young worker chosen at random is employed in

indu'stry B h"/her expected output will be,
¥R YRy« gvRy o
= Y8, + d(¥Pg-¥P,) 1let ¥Bp= B,, (¥Bg-¥By)= B,
= Bg +.§31 |

ba:iéﬁt to the workers (waég rate) is assumed to be
.equal to their expected level of .output. In a competitive
equilibrium the wage rate of a young worker (WO in units of
good a) in industry a or. B #hould be equal. . Thus the
.following eguality should hold,

WO =g, + da; = (Bo+ #B)m
where n is the price of B goods in terms of a. This
implies, . f
n = (ag* $ay)/(Bg+ §B;)

Older workers : There will be two types of workers in
the older group, one with label "a' and the other with
label 'b' and the probabifity P(A/a) = P(B/b) = P. Denote
expected output of one older worker (16 period 1 of their

lifg)'with label k yorkinq in industry § as ij, then we
3 - .
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-
have the following four cassgs, ' °

- . - R : .
i) worker with label fa' working in industry a,

B Y2 = YP + Ye(1-P)-
= Qg + a1P ’
ii) wWorker with label "a' working in indgstry.s,
| ¥B, = ¥8,p + ¥y (1-p) -
= Bg + By (1-P) ' :
iii), worker with label 'b' working in industry B8,
vBp = vBgp + YBA(I;P)
= BotyF
iv)‘wOfker with label "b' wquing‘in industry a,

- Yoy

Y®gP + Y3, (1-P)
= ag + a;(1-P)
Thus the exg.;ted‘output of an older worker (waqe‘rate)
will depend on what label he/she gets in ‘the yohnger_life
and in which industry he/she is working. The wage raée of

those workers employed in industry i with label f, wij,
will be, . |

T WS, = agt @1P = WO+ ay (P-}) )
we, = WO- a;(P-})
wl, = WO~ By (P-}) .
wBy, = WO+ B (P-4)
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-and B (Bi, B2,....,B) are drawn respectively.

- III. THE PRODUCTION POSSIBILITIES

Young and old worker§ separately . S
.~ Young workers: :Givep the total availabilify of tasks Ty
and fj from equation (2.3.a) and (2.3.b) the factor box
diaéram';s drawn in Figure 2.1.a. Taking 0% and 0B as the '
oriqinsftie isoquant maps of indusfries a (a3, az,...,q)

For the - younger workers thg_only information available
is that the numbers of A and B. typeuworkérs are equal. So
any worker chosen will be expected to perform tasks 1 and’ 2
in the proportion (T1/T;). Thus the only feasible
production points are»those on the diagonal oeob in Figure

2.1.a. Corresponding to this the production possibility

" curve (PPC) ,will be a downward _gloping straight line like

aB in Figure 2.1.b. If-all the tasks are uéed .in industry
a, & amount can be pré&uced and using all tasks in B, B
can be produced.

' If the young workers spehd_ some ' time generdfing 3

"information regarding 'their aﬁilities, then the amount of

tasks availaple for production will decrease and the
constraints (2.4.a) and (2.4.b) become, | -
' 19,478, = (1-S(P))T, '
- T¢,+78, = (1-5(P))T,

[N

When information 'of qQquality P; is generated then S{(P;)
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fraction of time will ;be taken away from production. In
terms of Figure 2.1.a the factor box will be reduced by the
aﬁount T,S(P;) horizontally and by TyS(Py) vertically and
the new factor box will be 0%0B'. For the same reason as
before production will take place alon§ the diagonal 0%0B ..
The corresponding PPC will be ~4B4. With an increase in P
the factor box will be reduced further and the PPC will
shift towards the origin. in the extreme case when P=l, we
will have SﬂP)=} and no task will left for produciné a
or B.
The slope of the PPC will be = oa/oB
Since 0& = Ty/aj; and 0B = T,/by
—=s . 03/0B = (by/ag) (T1/T7) =(by/ay) (te/tey) "

where t®; is the expected amount of task i performed by one

)

~ worker. ‘ _
So, the slope of the PPC =.(t®;/a;)/(t®;3/bj)
. =(ag+ ;3I7>(Bo+ $81)

Older workers: In Figure 2.2.a and 2.2.b the factor box
and the PPQ for the older workers are drawn. For the ol&qr
‘workér; the éhape,and thé position of the PPC will depend
on the intensity Qf information generated in their yoﬁnge;
period. If no .information is generated th;n the level of P
will Le § for the old workers also and the PPC will be the

same as _that of young workers, which is shown by aDf in



perform the tasks in the ratio
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Figure i:z.b.' 1f -perfect information was genegited_(i.e.
P=1) then workers with label "a' wilf\Supply tasks in the
proportion (tA;/tA;) and 'b' in the proportion (tB;/tB;).
From equation (2.2.a) and (2.2.b) we know (tA;/tR;)=(a;/a3)

and (tB;/tBy)= (bj/by). So in this case production at any

po;nt in the region 02A0B_is feasible, but production on
the lines O0%SA and AOP will be efficient. Corresponding to
this the PBC will be GAB in Figure 2.2.b. If all the
factors are used in industry 8, a total amount of B can bel

produced. Now to produce some a it would be optimal to

release some "a' label'wo§kers from B §n¢ eﬁploy them in a.

‘Production of B will decrease at a rate ¥B, = B, and

produakion of a will increase by Y&, = ag+aj; and produétion
will'move along the line BA. When poiﬁt ‘A is reached all

the "a' labeled worker are taken out-of B. In order to -

-increase the producqiog of a further some ’b'~1abe1 workers

will have to be taken-out of 8 and be .employed-in a. So

YPg !'§°+ B will be sacrificed_ for Y%y = ag and the

produétion polﬁt will move along the curve- AG. At @ all the
factors aré uhqd in industry'a. .

when information quality is between § and 1 ﬁhe PPC will
be in between the above two . When P level of information .

is generated one ‘a' label worker will. be expected to



(t1/t2)P4 = (ay/a3)P + (b3/b3)(1-P)

We know (Ty/T2)-= ¥aj/az) + §#(by/by)
==% (£1/t2)8, = Alay/as) + (1-)0) (T /%))
) ‘where )\ = Zf-l

Similarly one "b' 1label worker will be expected to

perform the tasks in the‘ratio.
| (Flltz)Pb = Alby/by)+(1-A) (F1/T5)

. Let these ratios for Py be (ti/t2)Pl, and (t;/t5)Ply,.
They are shown by the lines 09%B and 0PB respectively in
Figure' 2.2.a. In this case the efficieﬁt pfoduction'poinis
are shown by the line 09B and OPB and the PPC will be EBE

in Figure 2. 2 b. In this way we can derive different PPC ]

for different levels of P. As P approaches {, the PPC* will'

approach aD8 and ‘as P approaches 1 the PPC will approach'

aAB. )

In this case we have two straight line portienq_of the

PBE..The slope of these will differ depending- - en theféhlub
of P. The slope of the part aB will be Eﬁz/aza;l?urther '

aay =Tb1/e1 and @3B = sz/bz where T? is the - :total amount
of task i supplied by 'b' label workers. Tbi = tbiﬁb qhere,

tP; is the amount of task i performed by ofte "b' label
worker and NP is the total number of ‘b’ label worker.
Thus,  Gay/azB = (Tbllal)/(tpzlbz)
(tbllal)/(tbzlbzl

1
"
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(2.5) = (ag*ay(1-P)) A{Bo+B1P)
Similarly, the slope of the Bf part will be, .
BB,/B1R = (T2;/a;)/(T%3/by)- .

| (ag+ayP)/ (Bg+By (1-P))
" With higher 1level of P,-(Flltg%b decreases and the -aB
.bart'will become flatter, while (t;/t;)® increases, and the
Bf part will becomes steeper. ‘

In Figure 2:2.b. only at the kink' points like A and é,
all the "a’ label workers will be employed in industry a
and 'b' label in PB. On the flattér part Aa or Qﬁ';ome b
label workers will be employed in & and oq:AE or Bf some

-

i * "a' label workers will be working in 8. ‘ ' N

<

The distance between the PPC with no information (aDf)
" and the PPC with perfect informatign (3AB) will depend dn

-

L ) fhe difference in the task intengities iniind;stry a and B,
| that is the difference between (aifa;) and aibllbza. The@

more these differ the further away will be aAB from aDB

 The reason is that when (a;/aj) and (by/bs) differ more it
.¢~‘.:, implies factors (tasks) are more industry specific and who |
works where becomes more important, so that tbe benefit )

frqp Better information and worker- industry matching is

Q

greater.

“*  Young.and old workers together
h PPC for the Economy: In this mbdell at any particular

.
-~ ‘ . . .
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period of time there are tyo equal size groups of wotkers,
one group at their initial period of life {young workers)®°
and other af‘their second period of, life (older workers). )
So the total production possibilities-of the economy will

be the sum of the PPC's of these two groups.
If no test is availag}e in the economy to determine the

produEtiVe capacities of the workers, the PPC of both young

and old ' workers will be the identical, shown by aB and abf
- 4/—§n Figures 2.1.b and 2.2.b reSpectively. The PPC for the
whole economy can be derived by adding these two as shown
by 2328 in Figure 2.3. .
<, . Now if a test is introduced of the nature described in
Seaction II, only the younger workers_ will go for the test
and their PPC will shift jinward , while in that period the
PPC of the oider worieré will remain the same. So ghe PPC
of the economy Will approach af as P tends to unity. Say~
for P; it would be the straight line_ joining-C and ¥, while
-for P} it would be the stralqht llne joinlng G and J. ¢
+°  In the next period - the PPC for the ol@er workers will
° . shift upward, .say to- GAB for P;, aBB for P; in Figure 2.3:
The P?é %or goung'workers-in this period will also depend
on P. In a steady statemcasé the va}ug of P choseg by the.
workers in different timé’@eriods wili‘ be the same. So to

‘derive the steady state PPC.of  the economy we add the PPC's

¢
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of the younger and the older workers which correspond to
the same level of .P. The result is shown in gigure 2.3 by
CDEF for Pj, GHIJ for Ps.

. From the ‘PPC'S of the economy for different levels of P
we can derive the steady state grand PPC which shows the
maximum attainable  steady state output combinations under
different P's. When P can take only two values, P, and Pj,
then the grand PPC will be 2aKLHIMN28 in Figure 2.3. When b.
can take any j;lug then the grand PPC will look 1like the

curve ABCD in Figure 2.4. It will have two convex-parts in
' \

‘the corners like AB. and CD and in between there will be a

straight line segment BC. = A
The PPC ' for the whole economy will move ubward if the

increase in output of the \older workers due to better

" information is; more than the deérease in output of the

o

younger workers due to reduced working time. The grand PPC

will be reached when the increase: in output of the older
workers and decreaﬁe in that of the young wbrker§ are -

equal.

-We can also derive the condition required for reaching

“tﬁq grand PPC. From the construction of the grand PPC we.

can see that the level of sqhoolinq (P) corresponding to

the straight line segment and the kinked point will be the

4/,/»—\\\3950. Since thisllevel of P allows us to produce on the

L
»

o

A
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grand PPC we .will call this the “golden rule' level of
schooling (pG). -~
In the straight line segment the young workers are
employed in both a-and~s. In a competitive equilibrium the
value of their output in terms of a must be identical,
(ag+iay) = n(By+iB7)
~\ For someone spending the fraction S(P) of time at school
this will be, -
(ag+iay) (1-S(P)) =.n(Bof§Bl)(l-S(P)) - '
In the second period +there is { prabability that one will
L . "have l;LeI "a' (b) and will be emplbyed ina (B). Thus the
Expected level of output in the older period is
}[ (ag+aiP)+n(Bg+B1P)] .
when the number of workers in each cohort is (X +B) Eheq

-

the total ocutput in the economy (say Q) will be,
* Q= (ag+tiag)(1-5(P)) (B+B) + i[{ag+a;P)+n(B +B1P) 1 (A+E)
In order to reach the grand PPC, P should beechosen in such

a way that Q is'maximized, and the first order condition

- for this is; - .
5Q/8P = -(ag+ }ay) (A+B)S'(P)+ d(ay+ ngy) (K+B) = 0

~

- == ( ag+ $a;)S'(P) =§(az+ nB;)
Thus the grand PPC.will. be reached when P is such that

the increase in the expected output of one older worker

$(a+ nBl) and the decrease~in the output of one younger

-



" cost. of schooling. On the other hand an increase in a3 or

<
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worker [{ aof fa;) S'(P)} are equal. These are the marginal
bermefit add'marqinal costs of schooling respectively. -

Alternatively, the above condition can be.written as,

s'(P)

t(&1+ nBy)/(ag+ ta;y)
{(ay/(agtiaz)) + $(B1/(Bo+iBy))
From this we can say that PG depends on Go, @1, Bg and

-
¢
£
s
-

S L sU(P)
B;. If ao.o} Bo, the level of output of a worker i “wrong'
industt},‘goes up optimum PG will go down. This is so°
because higher ag, or B, implies smaller loss.from wrong

.matching of industry and worker, which leads to a higher

ai will imply a higher level of gaih:££om'better worker-.

industt& matching and also an increase in the cost of

: schooling But the first effect will dominate ang there °

will be an increase in the optimum level of information -

qenerated. ) B -

L]

_The second orﬁer tondition foilmaximizaﬁion is also

b

satlified, as 4 -
.~ 620/6P2= ~(ag+ bal)(X+§)s"(p) ;/;*\ﬁ\\x

Siqce (c°+ jal) >0, (X+§).> 0 and S"(P) >0 .

:2 this an:iysil so far we assumed ‘Ehat there is no

ﬂqrowth in the labour force. We can’easily incorporate a

abour forcé, QQY ny per

cqwstant qr8§th rate in the

pctiod. In that cas. the factgdr box for the younqer-workers
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- will be' (1+n) times larger than that of ;he older workérs,

. L 4
but there will' be no change in the construction and shape

of the grand PPC. However, the condition for reaching the

grand PPC will change. At any period when the humber of

- older workers are (A+B), the number of younger worker in

that period will be (A+B)(1+n) Aand total output in the

! - -

economy in terms of a will be,

.Q=(ac+ia1)(1-S(P))(X+§)(1+dt' [(ap+ajP)+n(Bo+B1P) ] (A+B)

LA

The . fzrst order conditiqn ¥Tobr maxlmizatlon is,

8Q/6P = -(a.°+§a1)(m¥) 1+n}S' (P)+i(a1+np ) (A+B) = O

(2.6)  ==3  (ag* dap)s*(RY(1+n) =}(a;+np;)

. . L

In this case the grand PPCy will be reached when P is
such‘thaﬁ'the increase in the second period output is (1+n)
txmes the decrease in initial period output This condition

can also be wrltten as | .

-

S 12.7) 'S'(P) =[4(ay/(agtia;) ) +§(B1/ (Bg+iB1)) 1/ (14n) .
The effect of a,, By, @3 and By on the goldqn rule level L

of PC in this case is same as before. But now the:e 18 one

additional factor n, which will also’ affect PG, ;Théf;.‘

relationship is inverse, the higher is the labour fétdé' i

growth rate, the lower . will be the - optinum Levql ‘of P, as’ a 17

larger number of younqer workors implica larger output loil

. ‘

due to schoolinq. ‘ | ,‘,"; ,;i'

- ) C . ) - e I
» . . , . V4 - P
A i . . . - . .

gy
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IV. PREFERENCES

An individua}'s ordinal’utility index depends upon his
consumption of a and B in pe.1od 0 and 1,
- U = u(c3,, cB,, %, cBy) .

In order to obtain interesting results it is necessary
to put“ conSiderable structure oﬁ this utility function.
Accordingly it is: assumed to be interﬁemporally and™
additively separable, so that it can be “t;en as,

(2.8) U =u(C%,cPy)+(1/(1+)u(c®;),cPy) ug,ug>0, ugy,ugg<O
where o 1s the rate of time preference. ‘

_The function u(c®j;,cBy) ; ‘i = 0,1, is assumed to be
continuous,differentiable and homoéhetié.A-In the steady
state equilibrium, the relative price of B in terms of a

. . will be constant, so that in egch'period a and B will be
5-: coﬁggmedl in a fixed proportion. In that case the utiliﬁy
- 3/‘ S tunction can be written as a function of the. amount of \.
R . conaunpﬁion in terms of a,
. c“1+c51n, i=0,1
5;:;%3‘th:;?i and the utility funation can be. written as = -
R ‘al"-?'f:-tz 577 U vcco) + 11/(1+o))V(C1)
ﬁﬁi;:‘ffjfi\1hﬁz vtility function il lhown diqgranmatically in Figure
;TQJ:,i*:j zgis br tndtftezendé curve (IC) The . slopp -of the

Tiff;“ﬁﬁu tndittotaacc cuzva it.‘.g _
P -'_i_; 6c,11¢¢9 - -*(l*n w* (ca)/w(cl)
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where V' (Cy)= &V(Cj)/8Cj. Along a 45° line, where Cq = C;,
the slbge of the IC will be -(1 +2). .
All the individual%-iﬁ the economy are assumed to have P
identical preferences. Given all these.assumptions, for a. 7
particular point o§ time, we can draw the g£oup IC for ‘the e
?oﬁnger and older group qf workeré hnq aigo tig gééﬁﬁhigft'
indifference curve (CIC's) as shown in Figure 2.5, by ci,'a\\\\
Crr agd CICy respectively. Cy is drawn taking.point E as
the oriéin. All these three sets of indifference curves ;re .
assumed to be continuous, differentiable and homothetic.
When. we look at the utility 'funct;on' from one
‘individual's point of view there may be uncertainty
. ‘lngarding-secohd peric. income, bec&use their e#rniﬁqs will
depend on what label they get in the initial period and in
which industry they are.emploied in the second period. ﬁ
By &ssuming that there exist a costless insurance in the
economy, the individuals may be insured in’;ubp a way that
his or her earnihgs ip the second period are independent of
"the label he or she gets in the initial period. 'In that
case ‘the sec?nd, periéd income “'11 be certain at its

expected level. Throughout this chapter we will aséume.that
such insurance exists in the economy.4 o
o < .
In this model all the individuals in the younger period

are identical, and their income will be insured at an

»

- : o
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amouﬁt which depends on the schooling level. The schooling
‘1e€e1 as well as the label aone gets in the older period is
‘knbwp to everyone in this model. Given these, there will be

no moral hazard or ;dverse selection prcoblem in this model.

A . -~y . .
I “ s ! V
: 'A% STEADY STATR. "GOLDEN RULR"™ OUTPUT PLAN

'*—ﬂdbiaqrammatfhally the steady state “golden rule' output
-plan is shown in Figure - 2.4. The gzand- production
possibility curve (PPC) is shown by the curve ABCD. The
point of tangency between the grand PPC and the community ¢
indifference curve (CIC) will determine the “golden rule'
outputs_of a #nd B (aS, BG), Depending on the shape of the
CiC's tﬁere are three possible kinds of (a®, 8% as given

> i) in the straight line segment (BC) of the grand

PPC (when CICy; show the preferences).
ili in the convex part (AB or CD segment) of the

' grand P?C] (wheg CICé show the preferences).
111) at the kinked point (B or ¢) of the grand PEC

(when CIC3 show the preferences).

The nature and some- properties of theSe production plans

rd
are discussed next.

1) output plzn in the straight 1line (BC) segment: One

such possible (a®, pC) is shown in Figure 2.5. The
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-preferences of the workers are given by €IC; and the steady
state output plah is determined at point E. Production by
the two groups of workers will take place at point P, Qﬁere
all "a' 1level workers will be employed in a and all ‘b' in
B, )while young workers will be employed in a and 8
industrigs in the proportion GP/PH.

The steady state price ratio (n*i) is‘given by the slope
of the EIC (or the PPC) at (aC, Bq),.which is equal to the
slope of the line BC i.e. the slope of the young worker's
PPC. :hus, .

n*1 = (by/ag)/T1/Ta) = (ag+ial)/(Bo+iBy)

" Given this price ratio and the prodﬁction-point P, the
steady state consumptién poiﬂt will be at J, with the young
workers on C; and older workers on Crr. So long as, at this
price ratio, the income c¢onsumption curve (OJE in Figure
2.5) is in the range OB ahd OC, the golden rﬁle output plan
will be 'in the straight line part of.the grand PPC.. From"
the construction of the PPC we know that the par% BC is

~associated witﬁ a certain level of schooling (PG) and that
P will be the steadf state “golden rule'’ ievel of test
intehsity: ' '

Next we wil{ examine the steady state "golden rule'
le§el of real income of a representative worker in his/her

initial and older period of life. Given the golden rule

3
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.level of relative output price (n*;) and the real income we

will also ..look &t his/her feasible consumption set in

different periéds.

The wage rate of a representat;ve younger worker

employed in a will be equal to his/her expected output,

which is o '
(ag+iay) (1-S(P))

and someone employed in B will earn,

(Bo+481) (1-S(P)) oo -

” Given the equilibrium relative price (n*;) the latter in

terms of a will be
n*1(Bo+4B1) (1-S(P)) = (ag+ia;) (1-S(P))
Thus the maximqm amount of a that can be consumed by one
representative yéunger worker from his/her current income-
is
(ag+iay) (1-S(P))
The feasible consumption frontier for one young worker
(without Borroﬁing and lenQing) can be expressed as,
a = (ag+ia;)(1-S(P)) - n"18
where n”; ="(ag+iay)/(Bo+iB;)
This is shown in Figure 2:6, by the straight line AB.
When - an older worker is chosen at randont, the
probability is (}) that he/she has a label "a' and in that’
case he/she willlpg employed in a and will earn (equal to
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expected output), |

- (@g+ayP) .
Alsc the probability is (3) that he/She is ; worker with
- label ‘b' and will be workihg,in B, and earn
(Bo+B1P) | ) .
We are going to assume that individual';fearning in the

4

second period is insured at their expected level, ®in terms

L d

of a which will be |
Wy = $l(ag+aP) "+ ‘%"’51?)“*:? > (ag+iay)
since (Bo+B1PIN";>(ag+ia)). j
The feasible consumption frontier is given.by,
a = *[(’G-QfO:]_P)'F(Bo"’B]_P)Tt’ll. - n*]_B
Tﬁis set is showﬂ in Figure 2.6 by the straight line CD.

" In this 'casé with higher level of ‘schooling and
spéciali;atiqn there is no chénge in thg relativé price. So
younger w;rkers ane no gain from speciajization at the new
Suﬁput plaﬁ and all the gaiﬁs goés te the older workers.

ii) Output plan in.the convex (AB) part:. Gbl&en rule
output plan in the convex part is shown ih—Figure 2.75.-tpe
cic and the PPC are tangent at'ipdint F, which will
esfablish the steady state 'qolden:rule' outpuf'plan. The
production and c;nsumption p;ints will be points P and J
respectively. All the younger and the “a' labeled older
workers will be employed in a and 'b' labeled cld;r workers
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will be employed ih both a and B. Now the price ratio will
be éiveh by the slope of the -grand PPC or CIC at F, which
is equal to:the slope of the less steeé piftrof the older
)worker s PPC, aP'. At this price ratio if all “a' labeled
older workqgs work in a and all 'b' in 8, production will
take place at P“‘and in that case we' can see that the
desired consumpéibn level of the yowrger and theé older
workers will be at points H and J respectively and there is
‘excess demand for a. So  some "b' label workers will be
. taken out of industry B aﬁd will be employed iﬁ a. The
‘proportion of ’b' label workers employed in a will depend
on the location of (aG, sG). The closer is the ;utput plan
to the point A the more b’ labeled older workers will be
employed in a. ‘

In terms of g‘ig'ure 2.7 th: golden rule relative price is
shown by the slope of the line @P', which is from equation
(2.5), :

n*; = (bp/aj)(ty/t7)P = (ag+a; (1-P))/(By+B1P)
For competiéive solution this relative price should be such
that the - wage rate of one 'b' labeled older worker is-the
same in industry a ahd B. The value of P associated witﬁ
Lhe grand PPC going through the point F (which is GFKLM)
will givi the éklden rule level of test int;;sity. This

level of P will be smaller than that in the previous case

——
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‘P=(1/2) is optimal.

-
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(PG) and the closer is F to the point A the smaller wi{ll be ...

the value of the golden rule amount of P. At point A
. ]

Given the goldén rd!!rﬂlevél of relative output price,
next we will 1look at the feasible consumption.set of a
reﬁiesentative'worker by deriving hié/her expected income.

All the younger workers will be employed in a and their
earnings will be,

' (ag*iay) (1-S(P))

Thus their feasible consumption set can be written as,

a = (ag+ia) (1-5(P)) - n*y6
where, n”; = (ag+a;(1-P))/(By+B1P)
The maximum amount of B that can'be consumed (when a =0)
will be, - | o~
BM

This feasible consumption set is shown by AB in Figure 2.8.

(ag+iay) (1-S(P)) (Bo+B1P) /(ag+ay (1-P))

With an increase in the lével of P the vertical intércept
will decrease and at the same time the slope will also
decréase. Thus the horizontal intercept can move Ain any
dlrecgibn. For any given P young workers in this case are

better-off compared to case (i) as they are here employed

. in only a and the relative price is moved in favour of a.

When we 1look at the situation of one 9ider worker, the
pi'obability is ¢ that he/she is an "a' ‘labeled.worker ang

L) ' N ' ' ’ ’ f\

y



‘o

schooling in.this case.
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in that case he/she will be employed in industry a and will
éarn,

(ag+ aiP)
also the probability is'§ that he/she is a 'b' labeled
wo;ker. But in this equilibrium "b' labeled oldef workers
will be employed in' both ¢ and B, and in a competitive
solution their income must be the same. If he/she is
employed in a, the wage rate will be.-

{ag+aj (1-P)) |
and if employed in B, the wage raté in Eerméiof a will be,

n*5(Bo+B1P) = ag+ay (1-P)) - |
When their earnings are insured at their eipected level, in

terms of a that will be,

{(ag+a1P) + d(ag+ra(l- P))

. = (agtiay)
Thus iﬁe feasible consumption set (as shown iq Figure 2.8

by CD) will be,
a = (d°+§a1) - “'25
Thus the earninqs of an older worker in terms of . a are
not affected by. schooling. But they will- change the
relative output price which is- a source of gi%h from
.
We can also COmere the' situation of one individual

under this case.with that under the previous case. The

Wy
PN
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expected level of income of one representative older worker

- Q

in casé'(ii) is smaller than that uﬁder case (i1). But this

Pal

loss is pdrtially offset by a changé in the relative ouiput

price. ‘ . - <

‘e Thds the young workers are bet¢ter-off when the steady

state (a8, BS) is _in the convex part_of the grand PPC,
while the older workers are better-off if the (af, BG) is

in the-straight line part. ’

~

Simfia:ly if the (aS, BS) is in the other convex part

{CD) of the grand PPC, the steady state level qf relative

output price will be '
n* = (ag+a1P)/(Bo*By(1-P)) . - ’

a

In this case all the younger workers will be eﬁpibyed in B

and their wage rate (expected dutput) will be,
WO = (ﬁo+131)(1 -s(p))n”

14
.

= (BotiBr)(1- S(P))(ao+alP)/(Bo+Bl(l P)) J
Also all the.older workets with labél "b' will be employed .

LY

in B and will earn .~ *

Wy, = (Bo+BlP)(ao+a1P)/(Bo+Bl(1 -pf) _
The older workers with label® "a' may be employed in a or B
[

-

"and they'will earn, . ' A

Wo‘a = (G°+01P) / . -
Why =" (Bo+B1(1-P)In” = ag+ ayP

In fhis output plan all. the younq;r workers are employed
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in B;l and are net bu?ers:\of a, while the older group are
net buyers of B. éince the price of B is inérgased compared
to case (i), in this case also the younger Qorkers will be
better-off, but the older group wiilxbé worse-off.

Thus in this case when the older workers specialize in
production according to their compa;ative advantage,'th;
relative price moves against the older worker 1ntepsive
industry. TQ}E: makes the older workers worse-off but the
younger workers better-off. | \ ‘

(iii) The golden rule output plan at the kinked point B:
One such output plan is ;hown in Figure 2.9. In this case

-

all the youngér and a' labeled - older workers will be
employed in a and all the 'b' labeled older workers in Bi
The steady state output price ratio (n”3) will be given by
the slope of the CIC at the point (aS, BG). |
Onlfhe one extreme.the slqpe of the CIC may become-equal

to that of the gtraiqht line part of the-.grand PPC and in
that case u

n*3 = n*; = (agtia;)/(Bo+iBy) e
On the other extreme if the slope of the CIC coincide with
that of the convex part of the grand PPC, and .

R*3 = n%; & (ag*ay(1-P))/(Bo+B1P)
Thus n"3; is determined by the shape of the CIC.

In this case all.thh youﬂger workers will be employed in



a and their earnings will be,

(agtia;) (1-S(P))
This ‘is the same amount as i; the previous two cases but
the feasible consumption set will be different, since the
relative price of B in terTs of a is not the same, and

n"; ¢ n'3 ¢ nty | |

Due to this price change, in this case the younger

workers are better-off compared to case (i) but worse-off

+

compared to case (ii).

In this odtput plan all the “a' labeled older~workers
ére employed in @ and b' in B and the expected earnings in
terms of a will be,

i(ao+01Pl + i(B°+§1P)n*3
as n”3 approaches n*,, the above term will approach

- lag+iag)

In that case this situation will become identical to that
in the convex part of the grand.iPC (case ii).

On the other hand ;s n'3 approaches u'l the expected
income will be the same as in case (i), and the situation
will coincide with that in the straight line part of the
érand PPC (case 1i). - -

As in case (ii) here also when the older workers
speciaiizg'in prpgpction the relative price ‘movel'aqaiﬁ:t

the older worker intensive industry. But the relative price

.
@

3
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change is small compared to the previous case so that the

—~—

gain from specialization is shared by both group% of

. workers. PR ’
N - . bl
Given the above three possible productjon plans, wg.can
concentrate on the case (iii) as the other two cases may be
, N .
.. considered as a spgcial ‘case of that one. In case (iii)
1} > . "

when n'3 = n*lfthe production'plan coincides with case (i)

and it coincides with the case (ii) if.n*3 = n'z.
. Thus in a general equilibrium frémework there are two

sources of\\welfare “gains. Firstly from the iﬁcreased

o

- o~ productlon q& the economy as shown by an upward movement of
‘the PPC, and this gain always goes.to the older, group of

workers. The _ secoﬁd' gain comes rhrough‘specihlizarion\in
'production'which allows some group of workers to consume at

a point above their group: PPC Dlstrlbutlon of thls second

: .gain depends on the relative output price and the gain goes
‘to the, older group if the steady state -goldeg__ rule
production plan is 'in the straight 1line’ segment of the
grand PPC de it daes to the youhger group if it is in.the
convex oart..These two groups of workers will share the

.  ain if "(a% 8% is at the kinked'point. The distribution

of the second. source of gain and . its ‘effects on the

P . optimi:ation p:oblem,are ignored in the partial equilibrium

e »
L 'Y L] L

sgudioo. ‘ .o : : _ N

- : l
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The steady state feas;ble combinations of n ané P

Ia this sectlon so .far we have looked at the’ golden rule
productlon plan only But the actual equlllbrxum may not be
the golden rule one. ' So in order to determine the actual
equilibrium for the economy we will examipe the feasible
dbmbinaéions of n and P, for all different levels of P
beiween 4 and 1. Iﬁ’Figure 2.11 the golden rule production
plan.is shown at the kinked point A% with the level of
sohooling at P"=§Gﬂ and’equilibrium relative price (n*) is
g;ven by the slope of CIC at point A“. Fér'different ;gvels

; of P the PRCs ,are shown.in Figure 2.11. (aABB for P=%,
' a'A'B'B’' for P', a"A"B"b® for ") When P=} the equilibrium
;; shoﬁn by the point A and.fhe equilibrium relati#e price
(n} will he given by the slope of .the younger warkers PPC,

= (aotiag )/ (Bo+iBy)” o ' «
. " With higher leVel of P the kinked points and the production

* point yﬁll move along AA'A"C... Given homoﬁhetic preference

I'4

.we will move towa;ds less steep points of the CICs, and

_\tpe steady state relative price will dQecrease. This

h o '!elationship between P and n is shewn in Figugp/z 12 by thez

= 0
curve ADC. - ? :

At one extreme, the slo of the CIC at the golden rule -

production plan may become equal to that of the straight

-

line part of the grand PPC and we will have

.

e
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*

n* = (ag*day)/(BoriBy) .

In that case as P increases from 4 toward Pp" tﬁe
prﬁduction point will move along the ray OA" and there will
be no change in n. For higher level of P we will move
towards C. Given homothetic preference point c will

@

correspond to a4 less steep point of CIC and the

‘equilibrium n will decrease. The feasible equilibrium

combinations of P and nr are shown by the curve ABC in Figure
A(S. Up to certain level of P the 1level of relative price
is " not -affected by the level of schooling. As discussed

earlier thls kinked point productlon plan 1is of the same

type as that in the interior of the straight llne part, but

in the latter case the range of P where n is constant will
be even larger. In dlfferent partial equillbrium models it
is assumed that the relative price 1is not affected by the

1evei of schooling. Thus we can consider those studies as a

‘special case of our general equilibrium model.

The “golden rule' level of schooling P (for n=0) as
derived in equasion (2.7) is given by
«
_S'(P) =[§(01/(ao+ia1))+§(51/(ﬂo+§51))]

Given tyis, point B, D in Figure 2.12 correspond to the
6 t‘."'

_m4_"_;__golden'rule production pl;n. e
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VIfIHDIVIDUAL WORKER'S OPTIMIZATION

In this section initially we wilg concentrate on the
kinked point production plan. The ‘individuals' optimum
choice of schooliaéiintensity will depend on their current
opportunity cost of time and expected future benefit. All
the young workers .in this model are employed in industry a

and will earn,

Wo = (agtia;) ~
'An increase in ny (relative price of B in younger period)
will decrease their real earnings and the cost of

.schooling.

6n the benefit side there is & probabili+y that one will:

" ...get label "a'(or'b') and will be employed in d(B). An

'incréaSg in ‘m; (relative price in the older period) will
in§rg§#e éhg value of output of a 'b{ labeled older worker
and’ as, such the expected benefit from schooling will
incre#Sey Theflexpected earnings (in the older period) in

terms of<“@-can be written as,

Wy = }llag+a1P) + m(B+B1P)]
We are going to assume that the individual's earnings are
insured (at their expected level W1) so that his or her
- earnings in the second period are indoponden; of the label
he/she gets in the initial period. We ate qllocgoiﬁé'tb

assume that there exists a perfect capital mgrkgt where
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individqal; acan §orrow or \19nd any amount at a fixed
interest rate (r). Each individual in this model will
choose P acting competvitively assuming market price as
given and constant (RrRg=n;). Under these ‘assumptions a
separation ¢of income generating and consumption decision is
possible and the individual' s problem is to choose a level
of P that maximizes his/her discounted lifetime earnings,
given by
W = (ao+ta1)(1-S(P)) + (1/(1+x))¢((ag+aiP)+n(By+B1P)]

Thie first order condition for maximization gives,

&§9/8P= -(ag+ia;)S' (P + (1/(1+r))i(a;+npy) = O
(2.9) {ag+day)s' (P) = (1/(1+r)){(ag+mpy)

is equation shows that at equilibrium (P*) the marginal

cost should be equal to the marginal benefit from
schooling. For P* to be the global optimum we alsc need the
condition that the present value of lifetime esrnings at p*
-
should be greater than that at P=4. This condition can be.
N .
written as, )
(@o+¥a1) (1-S(P))+(1/(1+x) )} (ag+ajP)+n(B+B1P)] > (ag+iay)
' : ‘ +(1/(1+1)) (ag+iag)

== (a°+alpf + n(Po+B1P) > 2(a°+§d1) + S(P)(a°+a1P)(;+r)
- {2.10) == r > (@g*+ay(1-P))/(Bg+ByP)+
S(P) (ag+iay) (1+x)/ (Bg+B1P)

The above optimization analysis holds for an} case where
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the actual equilibrium for the economy is at the kinked

point of the PPC for the economy. It 4is possible that the

2

golden rule production point 1is in the convex part of the
grand PPC Sﬁt the .actual equilibrium is at iﬁe kinked point
of a PPC for‘the economy . : ) S

The case where ghe actual equilibrium is such that there
is some mismatch of firm and worker is studied next. For
the sake of\exposition imagine that no test is available in
the economy and all workers are identical with P=4, and the
relative price is n = (ag+ia;)/ (Bo+4B)). If a test becomes
available in period t, all the younger workers will choése-
a P>%4, given by equation (2.9). Since some 'b' labeled
workérs are employed in a, the relative price in the -next

period will be,

Mesl = (Go*ay(1-P))/(Bo+BiP)

Withfﬁyopic expectations corresponding to Wy.j tﬁe younger
wogiers of that period will choose P=%, since for any P>¢
.condition (2.10) wil} not be satisfied. This will make the >
situati;n in period t+2 identical to that in period t, .and
individuals will choose P= i Thus under myopic expectations
there will be no eguilibrium with mismatch of older -
workers. This argumerit also holds for the kinked point of

the grand PPC, if condition (2{10) is not satisfied.’ ‘

The above conclusion &bes not depend on our éimple
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myopié dynamics. Given any anticipated n it“~wiitvéay
individual young wonker to diverge from the P which would
support that n.’ Suppose we are at a steady state
equilibrium with schooling level PS and relative price nS.
In that case individual workers' utility maximizing level
of schéoling will be P=%. Thus any P>§¥ is not a feasible
steady state equilibrium. : »

If at the kinked point production plan the relative
price is such that condition (2.10) -is- satisfied or the
goiden rule prodﬁction pian is reached at a point on the
straight line segment, in&ividuals will choose a P>$. This
'1e§g1 of P can Dbe determined from equation (2.9).
Alternatively thg condition givén in equation (§.9) can be
written as,

(2.11) S'(P) = §(0.1+351)/[(1+r)(ao+}a,1)]
Thus the individual's obtimum choice of schooling level
~P*) is a function cf:

» -—

P" = P(ag, @3, By, M, ) ’

since S"(P)>0, B; and n will have a positive.effect on P*
but an increase in ag or r will decrease P". The effect of
a; is inde;egminatea. The interpretation of these effects
is as follows:

Go: & higher level of a, implies higher income for the

younger workers. Thus it will 1lead to a higher cost of

3
— .
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schooling and a lower level of P chosen.

r: higher r implies a lpwer'Piesent.Qalue of benefit
from schooling and hence a lower level of P.

B1: this is directly related with the benefit of
schooling. -

n: a higher value of B-in terms of @ will increase the
benefit from schooling if someone end up with label.'b',and
employed in. B. |

a: the cost of schooling dg'well as the benefit of
schooling is directly related with a;. Thus %ts effect on P
is indeterminate. However it will have a positive effect on
P if the following condition is satisfied

2ao'> By o ‘

This relationship betweén n and the individual's choice

of schooling can also be shqwn in terms of a diagram. From

equation (2.10) we can derive,’
"4?' sn/6P ={[-a;+S'(P)(ag+ia;)(1+r)]1(Bo+BP) -

‘ [(ag+ay (1-P))+ S(P) (agtiay ) (1+r) 181}/ (Bg+By P) 2
==  6r/6P<0 1f §'(P) < [aj(Bo+B1P}*(ag+a;(1-P))B;]
/T(ag+iag) (1+41) (Bo*B1P) ]+ S(P)B1/(Bo*By1P)
Given S'(P), and S"(P)>0, Vup to certain.level of P this
curve will be dcgnwara sloping and then it will_slope

<

upwards. This relationship is " shown by the curve XY in

Figure 2.13. Given an} combination of m and P on or below
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Ehe curve;,individuals will- chocose not to spend-any time at

. [ ] .
school, P=¢. Equation (2.9) will give an inverse and convex

relationship between n and g} shown by AB. For n below ny,
we will have P=§. Corresponding to mn = (ag+ia;)/(By+i81),
the level of schooling (point A) can be derived from (2.11)
as _ '

(2.12) S'(P) =[4(ay/(ag+tay)) + $(B1/(Bo+iB1))1/(1+r)
An increase in r, a, or B, (or a decfease in a3, Bjp) will

shift it to the north-west direction, say to EF,GD.

VII. EQUILIBRIUM LEVEL OF SCHOOLING

Figure 2.13 shows individual's optimum choice of P for
different 1levels of n. ©On the éther hand given the
pfeferenceé and. the technology éigure 2.12 éhows for
different levels of P what will be the equilibrium level of
n. Combining these two we can detefmine the equilibrium
level of schobling and relative price. This 1is shown in
Figure 2.14. In this model we have the following
possibilities:

Firstly, when we have the steady state equilibrium in
the straidht line part the equilibrium level of schooling
will be determined at point B.

Secondly, if the golden rule production Roint is at the

kinked point of _the grand PPC for.the economy, and_ the

-
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feasible combinations of P and n locus &s such that it
intersects the individuals' utility maximizing P-n locus,
that intersection point will be the equilibrium ‘!or the
~ economy. One _e&uilibrium of this tfpe is show in Figure
2.14, at point E. .

As discussed in the previous section, correspondiﬁg to
the convex part of the grand PPC, or the kinked point when
condition (2.10) is not satisfied, there will be no
equilibrium situation,for the economy.

If the golden rule production point is given at the
point A, the corresponding level of seﬁboling will be PG=},
If fhe slope of the CIC at point A is such that condition
(2.10) is not satisfied individuais will also choose P:}
;nd that will be an equilibrium situatién. Otherwise this
case will become identical to ¢tHat with firm worker.
mismatch and there will be no equilibrium-éituation for the
ecopomy.9 ) . .

From equation (2.7) we can derivé the golden rule level
.°f schooling .(PG). When production takes place in the
straightcline part of éhe grand PPC the cofrespondinq.
steady state relative price will be n=(ag+ia;)/(Bo+iB,).
Thi§ combination is shown by point B in "Figure 2.12. Given
this relative .bricé individual's optimum level™df P can be

determ;ned.fromféqﬁation (2.12). From equation (2.7) and




I

SO

———

(2.12) we can see that this level of schooling will be at
PG level if the 1ab;ur force growth rate (n) is equal to
the .rate of intefest (r).-Ih that case our equilibrium will
be reached at point B and the amount of-schooling w%ll be
at the “golden rule' level (pG). If r is greater (smaller)
than n the curve FB will shift to the left (right) and, the
equilibrium level of P will be lower (higher) than PG, as
the future are’discounted at a highe} (lower) rate.

When we have equilibrium at the kinked point,
corresponding to PC we will habg a’'lower level of relative
price given by point D. With r=n pur equiiibrium will be,at
a lower than golden rulé‘IEC;l of schooling (point E). If r
is greater than n cur eéuilibrium will be further away from
the golden rule level. On the other hand 'if rgn we will
move closer to the_golden rule level of schooling and there
is-a possibility that our equilibrium will be at the golden’
?ﬁfe»level. o .

'Thus only undgr speéial case® the equilibrium lével of P
will be at ¢he:golden rule level an@.in general if will be
smaller. o ‘ |

Corresponding to a production pldn‘:}!h mismatch of £irm
and wbrker, for the qunomy as . a whole there are gains from -
investment {g informatroﬁ but indiviauals will choose not

in invest in information. The . reasgns - for thistareto
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inefficieht outcome are as follows: In these situdtions the
s;urée of the gain from investment in information is
relative price change as a result of specialization in
production, while earnings in terms of a with golden rule
level of P are identical to those with P=§; The relative

price mévement will make both the younger and the older

Qbrkers better-off. Thus when one generation invests in

i information the 'next generqtion will Dbe better—pff. In

terms of Figure 2.7 the younger group of workers consume at

.a point (J) above their group PPC. Without a mechanism of

infergenerational transfers '~ individuals will not take
accourt of this benefit in determining optimum investment
in informatiohl The-ﬁother gain géiﬁg'to the generaiion
making the investmént &ecision, comes through the relative
price change. 1In Figure 2:7 their group consumption peint
is at J, above the PPC correéponding to f=§ (straight line
joining &f). This relative price change has the pggperties
of a 'public good' and ;he free rider problem arises. This
fééults in an inefficient level of P chosen by

individuats.!

Comparative statics: An increase in r, a4 "or . Bo will

shift the BF curve upward and will lead to . a lower )

eqnilibrium level of schqolinq.' The reason is that higher
Qg or Bg 1mplies higher cost of schooiinq (opportunity cast

2 o, & .
L]

»

0 _ ‘ .
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of young workers time)- while a4 higher r implies lawer
present value of futurev'benefit from schooling. On the
other hand a higher ay. or’ 51 shifts ' the AB curve to the

riqht and will resuiﬁ in a higher level of schooling, as

- this means more benefit ‘from better worker- -industry

matching through schooling. )

Thus 'in a general equilibrium framework the return as
well as equilibrium lgvéi of schooiing is also affected by
th; demand conditions. A chdqge in the preference towards
the output produced by the older ' worker- intensive industry
will move ADC curve upward and will result in an increade
in the level of séhdbling. In qeneral the markeﬁ determined -

level of human capital investment will not be at the

"golden rule' level. .

r

- N
VIII. THE CAPITAL MARKET
L gggms of the cagita& market
" In each geheration allsthe individuals are identical in

the initial period of life . Thus in our, model eisher all
younq workers will be borrowers or will be savers, i.e. it

is not posgible to have any borrowinq or lending within one

generation. L ' e . .

-

In this modql it is nat possible to have any borrowing
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\> or lending between generations also. If the younger

generation borrow from the older generation then that loan

cannot be repaid because the older generation will die
. _die

before the loan is repaid. The younger generation cannot be
a lender either because in that case the older generation
will not have any time left to repay the loan. In this case

”~ Ny
there are two alternative ways in which we can incorporate

©

capital market in this model:x
Firstly, we may aésume that the 1loans are made by the
government of the country in the form of real bonds and the
rate of interest ch;rged is the market clea’ing rate..
Alternatively, we can assume the existence of an
international bank outside the économy. In‘that case we
will assﬁme that only one comquity (either a or B8) isos
traded so ﬁhat relative output price.is not exogenously

given from the international market.

Determination of the rate df:interest : r

First wg will look at the determination of the rate of
v interest Jhen the loan is made by the government. The
interest rate will be set in order to clear the market,
that 1is, demand. for 1loanable funds is equal to supply.
Initially we will assume that the population growth incthgv
eaconomy i; zero and khe age distribution is rgctanqulani So
we'have an.equal number of -younger .and _ oldér workers'and

\ “ o )

E

’/,/’
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this, numbér is (R+B). For different ieveis .of P the
'earninqe fwb and W1) of a representativé iﬂaiv;duallwere
derived in section V. From those we can draw an individuais
--feasible anone set as shown byf ABCD in Figure ?.15: The

'preferences qiven by'(z 8) are shown by ICo, ICl. wWhen an

rndividual can borrow or lend any @amount . at a fixed

"interese rateg I, .he/she. will be willing to borrow the
amount KH in youth and - to 'repay ‘the amount éK if the

_idierest rate is’'r. The amount BK is the principal and the
-} ) , . - .. .

'interest on .the borrowed amount, ‘that is

'(z 13) . - BR = (L+F)RH

Ca ~ -

NgL the qovernment faces a total demand"for loans of

KH(A+B), wbile it can collect from the older workers -

(supply of funds) BK(X+B) So r should be such that .
f(z i), - xm (R+B} = BK (K+5)
.Substituti’g\\? 13) 1“‘Tz 14) we:get . .

- : r = ,0 . ; - 3

Y

SO the market eledrinq interest rate will be zero. RN

In qeneral terms if we incorporate ‘a population growth .

L]

.rate of nS per. period, the number of young workers will be
(lﬁn) timcs that of the older worker:. Equation ¢2. 28) will
be the adme but the market dlearinq condition become,

KH tX+§)(1+n) BR (A+B)

D "
Sdbstitutinq (2 13) in this equation, we can derive
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So the market clearing "rate of interest should be the
popﬁlation grogth rate , which 1is Samuelson's biologica}
rate of intereéf (Samuelson 1958).

In- case of an international financial institution we
will assume that the rate of interest is determined outside

the economy and Ei:éd exogenbusly in this model.

IX. SUMMARY N

In this' éhapber a simple general equilibrium model of
imperfect person specific information %n the labour market'
is developed. Unlike the partial equilibrium models, in our
model the real return from investment in information is
endogenously determined. It has been §hown that the real
return from better firm-wprker matchinyg is also influenced
by éhe demand structure. The more the demand gtfucture is
biased-towards‘the outhut broduced by thé older worier

iﬁténsive ihdustry, the larger will: - be the gain from

‘Specializatioﬁ through person specific information. In the

general eduilibrium ﬁramework it is found that the

-

individually chosen ‘investment in information will be in

- general smaller than the "golden rule' steady state level.

One reason ‘for this is that, investment made by one ‘

geneération may make .the following qeqerat%pn better-off.

.

3
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Without any mechanism of intergenerational transfers
", individuals will not take account -of this gain in their
investment decision. Also p;rt of the.g_éin from better
information m;y come through changes in the relative. ptice.
Thi's has the properties of a 'public good' and the free

rider problem arises. In that case the individual's optimum

level of_inv'éstmen{: in information will be smaller than the

' “ golden rule level. - )

Lo




NOTES

lln'.apﬁendix 1 it is shown that under certain

restrictions our qualitative results will be the same for
-constant téturns to scale production function.
2Phis assumption is relaxed in appendix 2, and it
results in no i;uélitative change in_ our analysis and
findings. ‘
3when'the assumptioﬁ of s(l)=l is relaxed the results
will be the same as that in case of imperfect firm-worker
matching. If S(1)>1 our analysis will be similar.to_tﬁht in
appendix 2 ~.aere ~ .
(thl/-tﬁz)éfgl/az) and (tB;/tB,)<(by/bjy)
that is even with full time schooling in the initial period
we céhnot produce on the contract curve in the éeqond
pericod. Analysis with S(1)<1 will be similar to that with
(tA;/tA5)>(a1/a9) a: . (t31/£52)>(b1/b2‘).
4The results with uncertainty is discussed in appendix
3. y | .

.
—

Sv
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SIn this case a number of other possibilities exists. We
may have multiple tangency points'between the CIC and PPC -
or the CIC which is tangent to the convex part of the PPC
may also pass through the kinked point. In those cases the
golden rule 1level of P will no longer be unigque. Another
possibility is that the CIC's are flatter than thg convex
part of the PPC. In that case the tangency point will be
utility minimizing. Later in this chapter it is  shown that
we will never observe equilibrium in the convex part of the
PPC for the economy and as. such the above possibilities
are ignored.

6Two qther possiple sh;pe of tlris relationship \is
discussed in appendix 4.

7Technoloqical structure in our model is one of the
reasons why there is’ ;o equil#Efium‘with mismatch of firm
and worker. The technology of information generatioq in our
model is - such that all young workers act'in the- same way.
However, if we havé a 1inq:r schooling cost function
without any fixed cost component, it is possible that some
individuals invest in information while others don't (both
groups will have the same life-time income). In that case

the kinked points of the grand PPC will move towards points

‘e

t
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A and D. Corresgondinq to the relative priée at the new
kinked point the;E may be an equilibrium for the economy.

8In appendix- 5 these comparative static results are

derived.

ng preferences are extremely biased t&wagé; a, we may
have equilibrium at -point A of the grand PPC. As the

. preferences shift towards B (the golden rule production
point may stay at A or move along the convex part or may be
at the Kkinked point) if condition (2.10) is violated there

. will be no equilibrium situation for the economy. As
preferences shift further, we will have equilibrjium for the -
economy correspbnding Eo the golden rule production plan at
the kinked point or the straight line segment. The same
analysis also holds if préfefénces are extremely biegéd

towards P and shift towards a. o\

4 .

;DThere’. are 1hifferent alternative policies that
—government could take in order to reach the golden rule .
level of schooling. If the actual level of schqolind is ‘
Yess than that level the policies should be directed
towards decreasing the cost and increasing the benefits

from schoolinq. One way of doing this is to impo‘c'a tax on



60

the earnings of the younger workers kthis will decrease the
cost of schooling by decreasing the opportunity cost of
their time) and/or transfer. the revenue to the older
workers, where the amount of transfer will be positively
related with the level of schooling chosen by them in the
younger period (this will increase ?he benefit from

schooling). »
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Figure 2.5 : "Golden Rule' Production Plan in the straight
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SCHOOLING WITH ALLOCATIVE AND PRODUCTIVITY

AUGMENTING EFFECTS

In thé basic information model‘developed in the previous
chapter, it qu assumed ~that schooling provides better
information about workers productive capacities while the
absolute level of productivity is unaffected by schooling.
So the oniy source of gain from schooling is the increased .
output and wages from better’ matching between worker and*
industry. But schooling also~ lead to an increase.in the

quarnitity of resources embodied in individuals, which is

fknoén as-the productivity augmenting offect. The purpose of
" this chapter /is to extend the 'basic information 6odeimto

'include> both the allocative and productivity augmenting

effects of schoolinq. . . s
The structure of the model an; the notation used in this' .
cﬁgpter are tho same as' thosc'in~thg\gcsic information
Rodel and are brietly given- in thc-ncxt sectidn. In joction '
I1I we .have dovelopod tife- basic productivtty model of -

-choolinq, where‘hchtolinq only incroasos the productivity‘ )
. " 83 B . ' J#

.
“e S
-
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of the workers, while no inforwation is generated. In

section IV the two basic models are combined in a single
N »
model of schooling with both the productivity and the

allocative effects of schooling.

‘ [ 4
II. STRUCTURE AND NOTATION
As in chaptef 2 there are two goods and B, each of

»

" which is produced usifdg two inputs (tasks) Tl and T,. The

p:oduction functions are assumed to be Leontief type fixed
caefficient functions, :

Y& = Min (Td1/a1, T“zlaz)
Y8 = min (TR;/by., TR3/b3)

: whére'&j tepresent output of industry 3, Tji denotes the

- amount of task i used in industry 3., ay and ‘by are the

task-output ratios .-for task i in industries a and b
respectively. Industry a is assumed to be task 1(Tq)
intensive while B is T, intensive. ) ‘

There are two types of workars, A and' B. E§eryone in
each type 1siidontica1. The only difference bgtween type A
gnd B 1is in terms of the anoun% or tasks they can perform.

Type A workers arce asouﬁed io be'hore effici;nt in tasi 1

and type B in task 2. The production functions aro‘aslumcd

to be :uch thdk type ¥ workers are perfectly matchod with

. 1nqﬁstry a. and B with industry p. It is also acsumod ‘that



71

-~

each worker lives for .two periods and that at any
particular period of time .there afe two groups of workbt;'
of equal size, éne group at their initiﬁl per;od of life
(young workers) and the other in the final ﬁgriod of their ™
life (older workers). We assume that one half, of the
workers in each group ' (young and old) are type A and the ~
other half is type B (i,e. X = Bf and this information is

known by everyone: But ‘nobody knows which type_pf worker

one particular individual worker is. |

i - T ' ' »
III. THE BASIC PRODUCTIVITY MODEL

‘Structure of schooling’

~

It is assumed that schooling ;increases the maximum
o 4 ’ Y

. ’ =~ v '

amount of -all tasks that can be performed by a worker equi-
proportionally. The onlyzinput rqqﬁired for -schooling is
the fraction of worker's Eime spent at school (S). For

someone yho has never attended school the ef(iciency leveal

(e) is assumed to be equal to 1.-e increases with S, and

the rpla;ionship is given by

T (3.1) .e = E(S) ‘ - L, . .
where E(0)=1, E(1)=eM - Y
- Purther, o , :, . o . ] '
E'(S)>0 for 0<s<l - R h
‘B!(0)= = and E"(S) <0 - <« -
y C . , t
- . ¢ ‘




: . 72
. . _ Do
This relationship is shown diagrammatically in Figure 3.1.
It is further assumed that if someone goes to school
his/h?r productivity increases in the next period: This
itmplies that only the younger workers will go to school.
The maximum aq?unt of tasks that can be performed By one
warker with efficiency level E(S) is,
For type A worker : ( tA;B(s),” tA;E(s) )
Por type B worker : ( talg(s), tBZB(S) )
gggggted ocutput of one worker )

The production functions are assumed to be such that
s . . .
type A workers are perfectly matched with ingugyry a and B

with B. So in(S),th output in industry j produced by one
1 type worker with efficiency level given by S, will be:
’ YEA(S) = (tA1E(S))/a; = (tRyE(S))/a;

. ) = Y®,E(S) ¥, where th;/a =tA,7a,=Y3,
(3.2) =3(a°+a1)E(S)' whereMY°A.= Qg+ay
Similarly, '

vﬂ,.(S) = (tAZE(s))/bz < (t‘\ls(S))/bl

) <. = ¥YB,E(S)
43}3). S s T = BoE(S) where Y8, = B,
ng = (tals(s))}al < (tBZB(S)/az
L ' = ﬁa(S)
(3.4) . = GoB(S) . vhere Y% = ag

Yﬁg(S) = (:Bls(sn/bl = (tazsts))/bz
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. probability that he/she is type B is also .

YBRE(S)

ol

(3.5)

_ (Bo+B1)E(S) where YQB =Bo*+Bq
In this basic productivity model schoollné does not
generate any information. So any individuJI worﬁer (y;ﬁﬁqer
or older) cannot be identified as type A or é, rather all
.of them ate average workers within the group. Since A=B,
'the probabiiity that an; worker is type A is {4 ‘and the

N

The expected level of output of one young worker chosén

at random and working in ingustry a will Se ’ )

Y2, = Y%, 4~§Y°B, as E(S})=1_for young workers.

(3.6) ==$ Y%, = ag+iay . A
Similarly, ' o ‘.
(3.7) + " . ¥R, = Bo+iBy o

_ These will be the levels.of'.qutput if “all the available

time of the youﬁg' workers is spent in production. When S -

amount of time is spent at scﬁool the éxpected output will -

be ™
(3.8f Y3, = (agtias)(1-5) _
(3.9) Y8, = (Bo+iBy)(1-8) 7 . .

_ For one older worker (in pefiod 1 of 1ife) the expected
output will aepend.on . the/level éf acholinq‘and is given
By, . oS~ |

. YO[(S) = JYOE(S) + }YAgE(S)

e
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(3.10) = (ag+tai)E(S)
(3.11) and YR (s) = (Bo+i#B1)E(S) | o ’

As in chapter 2 the wage rate is assumed to be equal t§

'the viﬁue af the expected output of any worker. Since all

the workers in a group are identical, in a-perfectly
competitive model, one young worker (or older worker)
should havé the same wage in both the 4 and P industries.

Thus the relative price (m) of B in terms of a should be,

a°+§a1)/(Bo*§Bl)
Availability of tseks . L,

without any information--all the workers are of equal

‘-expected productivity and the amount of task i expected

from one worker is

$ (A +tBj)ElS) i=1,2

'There-are'(x+§) young workers, each-sbending‘(l-S) fraction

- of time working and having E(S)=1.' Thus qﬁe total émcunt.of

tasks available from this group of workers aré
+ ; Tl
o= D (ApeeBy) (1-s)(ReB) . o

~ 1

(§) (tA1+¢B1) (1-5) (A+B)

This is- shown in FPigure 3. 2(a). Note ‘that the task box'

decreases proportionately with an increase ins. , -

All the older workers will b.-workinq full time and E(S)'
:will be greater than 1. The total amount of ta‘ks available

from this group will be

/'l

P
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Ty = (1) (tA1+tB)E(S) (A+B)
¥y = (41 (tA+tB,)E(S) (A+B)

This is shown by the task box in ﬁigure 3.3(a), which will
, expand proportiongtely_with an increase in S.
Production possibilities )

Given the total amount Sf task§~available, we can derive
the production possibility curves. For both the younger and
the older‘ workers the only feasiple production points are
the,pointo on the diagonal in the task boxes, as no
information ‘is available or generated }n this mod31:
Corresponding to tQ}é the’ PPC wiii be a oownward sloping
strafght line. | |

b

When the younger workeré spend all che avq}l&gle olme
working ($=0), the corresponding task box is shown by 0%08,
and the PBC 'is shown by the straight line AB in Figure
3.2(b). If S; amount of time is spent at school the
corresponding factor-box :i11 be 0“05' and the PPC will be
ch in'Figure 3.2 \ “all the young worétrs are working
'in inaustry- a thq\ production point will be A, ?.or E
depending'on the level of s. If one. worker is shifted from
industry a to B! prpduction of a will decrease by
(ag+3a1) (1-S) amount and. that of B will increase by
(Bofiﬂl)(l-SJ 'amouot.' Toul the slope of the younger
workeg's PPC will be - .
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~({ag+iay) (1-5))/((Bo+4B1) (1-5))
! = =(ag+ia;)/(Botif1) _

In the same way we can also derive the PPC for the older
workers from the task box in Figure 3.3(&); In this case
with an increqse in S the task box will expand and the
corresponding PPC's are GH for S=0, IJ for S=S; and KL for
‘ $=52 in E‘iqure 3.3(b). The slope of thése PPC's will be

-((a°¥§a1)3(s))/((Bo+i51)E(S))
= -(ag+iay)/(Be+iBy) _ ‘

For the economy as a whélevat any partiéular pefiod
there afe two (equally sized) groubs of workers, one at its.
initial period of life (young workers) and the other at its
second periocd of life (older workers). The steady state PPC
_for the econdmy will be the sum of tMe two group ?Pé's
'correspondinq to the same levéi of S. Thus fof>dif£erent

levels of S we will have different steady -state PPC q}kﬁf

i the.economy. The latter will shift upward if the increase

in S shifts the PPC of the older workers by a greater
amount tpan the downward thft in young worker's PPC. By
examining the alt?rnativ& steady state PPC's we~caﬁ find-
;out the qrand steady state PPC for the' economy.. In'Figure
'3.4 the qrand steidy state. PPC is derived for S=S; by
addinq EF of Figure 3.2(b) and KL in Figure 3. 3(b).

dlvon the relativc price of B in terms of a




. r@ird
v
n = (ag+tia;)/(Bo+if))

. ‘ ’
The expected output of one young worker (working in @ or
]

' B) will be .

P (ag+ia; ) (1=S) |
and that of an oglder worker,
(ag+dap)E(S)

If in the economy the labour force is growing aé‘a constant
.$ rate in each period, then the number of younéfr Qorkess
in any period wili be (l+n) times that o{j;he older
workers..Assuhing the number of older workers is, (R+B), the
totél output .in the~ecohomy iq<terms of a“(séy Q) will be

Q=(ag+}n- ) (1-S) (A+B) (1+n)+(ag+ia; E(S) (A+B)
In order to reach the .grand PPC (golden rule), S should be
chosen iq such a wa§ that Q is maximized. The firs§~order
condition is, ' | '
(3.12) 6Q/65.= -(ag+iay) (A+B) (1+n) +
3 -‘ (ag+ia; JE' (S)(R+B) = 0
S— E'(S) = 1+n O
i.e. %pé golden rule lgvel of S fs determined where éhe
slope Sf' E(Si.is ong'plus the ;;hour force growth ratg.
Gi&en ET(0)= = , this optlmum"lcvel of S will he always
positive. Since E"(S)<0, a h}qher level of n  will give a
smallei optimum"leéel of S. Wwhen n=0 this condition become
E'(S)=1. Determination of this qoldon-fﬂlq level of S is
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° shown.in Figure 3.5. | '
The steady state equilibrium . ‘~

In order to determine the eduilibrium proddcfioq,
: consuﬁption and price level, we.will have to incorporate
preferences (the demand side) in this model. Preferences
are —assumed to .be ﬁhg saﬁe as in the basic information'
model, and are shown by the community indifference curves
in Figure 3.4. The-.tangency Eoint‘between the PPC ‘and the

CIC will give the équilib:iﬁh.

_ The S&uilibrium production point is shbwn by A in Figure
3.4. a® amount of a and BC amount of B is produced. The
equilibrium relativé price of B -in terms of a (m) will‘be
gqual to the slope of the PPC. T -
(3.13) n* = (agtiay)/(Bo+iBy) *

o=~

Given homqthétic‘ preferences, .at this relative price each
worker;will‘cgnsume a and B in the ®same proportion 0aG/086
and the actual level of consumption will.depend on tpeir
income.'-f ' . . .

Income (wages) of a worker in the i th.period of.his/her.
Wy = (agtiay M1-8) |
why = (BytiB1) (1-S)n” = (ag+iay) (1-5)
W3 = (ap+iBy)EB(S) -
Wa1.= (ﬂo+tﬂllzls)n':? (06+401)E(S)

life working in industry j, denoted by wl; will be , °
14



N
Individual workers ogt;gization

If we assume that the capital market is perfect then the
rroblem~ of an individual worker is to maximize his/her
discounted life-rfhe income. This is given by
W= (a°+gal)(1-5)+(‘1/(1+\r)_)(a°+§a1)ztsi
where r is the rate of interest. ’
The first.ordEr condition fbr maximization is, -
(3.14) 6W/6§ =_-(a°+§ai)+(1/(1+r))1a°+401)8‘(5)=0

| == - E'(S) = (141) ‘ |

Thus the private optimum will cqﬂncide with the golden-
rule level (condition for . réaching the grand ?PC; JErived-

in equation 3.12) ;f and only if the rate of interest (r)

"is equal to thé population growth rate (n).

IV. 'SCHOOLING WITH BOTH ALLOCATIVE AND PRODUCTIVITY EFFECTS

In this part.the.information and productivity aspedts of
schooling are inccrporated in a single modél. The structure

of schooling 1is the startinq\ point for combining the

"previous two basic models..

~-

structure of schooling 'i S .

.Schooling is now assumed to both increase the efficiency
levellproductivity ot the workers and generate infogpaticn '
rega¥ding the comparative advantage of workers in different

tasks (1.e. whether workers are of typo A or type B).
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forme* is the productivity auqmonting effect of schooling,

L]

'while the latter is the allocative effect.
4

In the information model we have assumed that the

workers choose information quality P, .which “in turn

ST -

determines the Amount of time to be spent at school (sS),
given by '

(3.15) §=S(P}

S'(P)>0, S"(P)>0

“and S(4)=0,- s(1)=1 .

In .the basic productivity model we . have assumed that .

‘.
]

individuals choose the “fraction of . time to be speot at
school (S), which then will determink the' ingrease in
productfvity, givén by ' .. S ‘ -
(3.16) e = E(S)

E'(S)>0, E"(S)<0 '

further E{(0)=1, E(1l)=eM, B'(0)==

In the integrated model given P, by equation (3.15), S
is detérminod whish in turn 'inéreasg; the productivity
given by equation (3.16): Substituting (3.15) in (3.16) we

-

can‘write e as a function of P. o

o

e = E(S) = E(S(P))

(3.17) e=e®) :

Pu} axp S=0 ==p o1, B'(S(})) ==, e'(}) = -

P=] -=’ S-1 ssa ‘aneM
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e'(pP) = B'(S(P))S*(P) -
E'(S)>0;, S'(P)>0 ==%&'(P)>0¢

. ‘e"(P) = E"(S(P))S'(P)S'(P) + E'(S(P))S"(P) o k
Since E"(S) is negative and S“(P) is positive, . tpe sign of

e"(P) is indeterminate. For diagrammatic simpliciey it is

assumed that e"(P)<0. This asEu@ption will not affect any

of our results. o Cos

.

This relationship' is shown diagrammatically;in Figure'

3.6. When an Lndividual worker chooses Py leOelegg‘ .

-.s¢hooling he/she will have to spend S1 amount of time in.

* younger workers will undertake sch ng. s

school (from quadrant III) which will ° increase iFhQ*

.J"fficiency ievel to e; (from quadrahnt II). And this'

Similarly points S and C represent ‘no sohooling at all-and'j'

full time schooling respectively IV . - ’ .

As in the previous case 1n this- model we are assuming

‘that the infofhation generated through hooling is uaeful

-in the future period og~x and that s hoollnq increases

productivity in tche ‘uture only. This im ies that only the e

Expected outbgt oﬁ-one _worker ' L

. Younq-workers : As in the balic model the exppctod'

‘oucpu: o£ one younq workér employed in industry j (on).

who is spending S(P) amount of ime at school Mill be.

-

-

. relationship is shown.in the first quadrant by point A,

'Y

N -
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13.18)< Y3, = {ag+ta;) (1-S(P))
(3.19) - YRy = (Bo+#B1) (1-5(P))

Older workers : Schooling will affect the ‘expected
output of an ol%er worker in two ways. ?irstly, better
information generated —~through schooling’ will 1lead to a
better matching between workers\ and industries. Secondly,
schooling increases the amount of tasks that can be
performed by one worker.

From the basic productivity model Qe cah derive the

expected output -of one i type worker with S(P) amount of

~ time spent at school (in younger period), working in

irdustry j (denoted by YjA(P)) as

(3.20) . YGA(P) = (ag+aj)e(P)
(3.21) YBA(pi"= Boe(P)
(3.22) Y35(P) = age(b)
(3.23) . ¥Bg(P) = (Bo*B;)e(P)

Since schooling now has information content there will
be two types of-older workers, one with label “a', the
other with label 'b'. The probability that given label "a
("b') a worker is an "A'('B') type worker is P. . Thus the
expected output level of one "a' label older worker workirg
in industry « will be .

M

Y2, (P) = (ag+a))e(P)P + age(P)(1-P)

(3.24) = (ag+aP)e(P)




83

Similarly we can derive,

Y8, (P) = Bge(P)P + (Bg+By)e(P)(1-P)

A328% - = (Bg*By(1-P))e(P) :
(3.26) Y&, (P) = (ag+a;(1-P))e(P)
(3.27) Y8, (B) = (Bo*+ByP)e(P)

Figure 3.7 shows £Qese in terms of isoquants. For one young
worker the expected amount of tasks performed is shown by
point A. For the older worker the expected amount of tasks
performed will move along pﬁth (1) or (2) depending on what
label the worker has.” For one ‘'a’ label worke;: the
expected amount of tasks will move along path (1) and with
«P=1 it is given by point B. For 'b' movement is along path
(2) with point C being reached when P=1l.

Production possibilities

In this model the total availability of tasks will be
the same ~§s in the Dbasic productivity model, since
information generated through s;hoolinq does not affect the
availability of tasks. The task box will be same as before
as shown {in ftqure 3.8(a) :nd 3.9(a) for the younger and |

the‘older workers respectively.
“ Younger workérs' PPC : The derivation and shape of the
young workers' PPC will be the same as in the basic models.
With a higher level of P the PPC lhiétl towards the origin,

initially by a millos, amount and then by larger amount as

. -
- B . LY
.
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.S"(P)>0. The slope of the PPC will also be the saﬁe as |
before, ® -

(agtia])/(Bo+iBy)
‘These PPC's are shoyn in Figuré 3.8 (b).

Older worker's PPC : With a higher level of schooling
the task box of'older workers will expand. Tﬂe feasible
production set in the task box also increases. The former
effect is the result of the productivity ipcrease while the

. latter i§ the result of better information. In Figure
3.9%(a) with the P; 1level of schooling ftpe fac;or‘box
expands from 0%0P to 090P'. Now due to better information
it will be possible to produce at 1ny point in the

N triangular area 09B0B' and on the straight lines 09B and
BOP' production will be efficient. Corresponding to this
the PPC is ABC in Figure 3.9(b).'In this way the PPC for P
is derived which is DEF. If P=} the PPC will be the same as
that‘of the younger workers.JThe oldqséyorkers' PPC Qill
have two straight line segments. As we move (;om A to;B (or
D to' E) 'b' labeled workers are taken fgom a and employed

in B, s6 the slope of these parts will bdbe,

da/dp = -(agtaj(1-P))e(P}/(B +BiPle(P) . °

. = -(ag*a; (1-P})/(Bo+B3P)- \
and when we move from B to c “pr E to.F) ‘a' -labeled
-workers will be taken from a and yulgﬂbo emplofod-in f and

\




the slope will be

da/dg -(acmlP)e(P)/(B9+Bl(1 P))e(P)
- ‘ = v(a°+a1P)/(Bo+31(1 -Px)
These are the same as in the basic information model. The
only difference is that the PPC is moved outward in this
model by schooling. b
- PPC for the economy : By adding thg PPC of the young

(34

workers and that of the older,workers'correépoédinq ;o tﬁé
~ same leJ;l ofaP one can deﬁive the steady.s%ate PPC for the
econoﬁy cor}bsponding to that level of P. In this way for
differenb'levels of F'w; will have different PPC's for the
economy Figure 3.10 show the PPC's AB (for P=}), CDEF (for
Pl), GHIJ{for P,). The grand PPC is shown by the red curve
in Figure 3.10, which shows the maximum attainabie ouéput

| J
combinations, when P can take any value. The- shape and‘“

slope of the grand PPC in this model is same as in :he.
basic informatioh modell. The only difference is that the
" PPC here is expanded outward compared to that of the former

. model. a0 ‘ ) : .

P
=

- We can also examino the value of P that will edhure that .
we are on the qrand PPC. A valuo of P is required such that -

" total output in ‘terms of any one commodity, say a, is

' maximized. If we look at the 'straiqht' line segment the

price.of B in terms of o;-(n) will be,

’ hd . »

Sl




will have "_label "a'(b) and will be employed in a(f). Thus -

»
. i NS
58
= (aotiay )/ (Rg+iBy) ‘
This will give the 6utput of one young worker in ierms of d_
.as, .- .
(3.28). (ao+3a1) (1-S(P))=(Bg+{B1) (1-S(PMIN

In thé_seccnd period there is ¢ probability that one

the expected output in the older pericd will be, )
- ~

(3.29) }[(ag+a;P) + n(By+B1P)le(P) |
Assuming n% growth rate in the labour force, }f in any

period the size of the older work force is (A+B) then that

. 3
of the younger work .force will-be (i+§)(1+n). inen-qg;put

L d L[4

of one worker in terms Bf'a in equation (3.28) and @5:29),

the total output ;h the economy (Q) will be,

Q=(ag+iay) (1-S(P)) (A+B) (1+n)# . . -
° 1 (ap+arP) +n(Bo+B1P) Je(P) (R+B)
The first order condition for maximization is, SN
dg/dp = -S' (P) (ag+iey) (A+B) (1+n)+}{ay+npy ) e(P) (A+8)
' | + $l(ag+ajP)+n(Bo+B1P) e’ (P)(A+B) = 0
(3.30) ==> s'(p)(aofial)(1+h)‘ -~
= Y(a1+nB;)e(P) + l(ag+a P)+n(Bo+B1P) le’ (P).
Frgh this equafion we can derive the lgvel of P which w}ll.
ensure production on the qrgnd PFC. The lefgﬁ\hand side
shows ;he’mafginhl dost of iéhoo%ihq. The first term in the

right side shows the marginal benefit .from the allocative

..
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effect of schiooliag and the second term is the benefit from
the productiV1ty augmenting efgect;

Comparing equatlon (31367'§i£b {2.6) one ‘can see that
the golden-rule level of P in this case will be larger than

that in-the‘basic information model.

Preferences I S R

The preferences of the lndiVigd/is 'in  this- model are
assumed to be the .same as” in the basic models. The
intertemporaligti%ityrfuuction-is asqpmed to beaaBQEtively

separable :ena can ‘53“ represthé& in terms of .grouﬁ

'inéifference curves and community. indifference curves

-~

(cIc). -~ .. ‘

gne;steedx stﬁie golden rule groéubtiqn plan

As ;ﬁ the basic iﬁfofmefien. mq§e1 éhe ‘'golden rule
production plen‘(aQ .B%) discusled in Chapter 2.v, .in tﬁis
case also ' there are three different kinds of- feasible
steady state (a@, BG) Firstly we will consider the golden

Ll

rule production plan on:.the straight line_;eement-of the

- grand PPC and then we will look at the kinked ﬁaiqi. we are
- omitting the discyssion on thg p?oductionf plan in the

convex part, since we will never observe an equilibrium'

| he:e\pue 'tq the ' same reetone as in the basic information

. -

m1o . K . . = . . .
i) Golden ru;e‘ production plan in the“st:eiéhtﬂ;iﬁar'

° e . . . .
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segnent of the grand PPC : In Figure 3.11 this is shown by
point E, o€ amount of a and gc amount of B will be
préduced. By lookinq at the group PPC we can say that all
“a .lepeled older workers will.be workinQ'in aand b’
labe;ed“in. f (production point P). Young workers w%ll be
allocated betﬁeen a an& é‘ in such a way tyaf their groyp
production will be\alag and. B,86. b_ c
Steady sﬁate. relativehprice (n).of B/in terms of.a will
" be given'by the slope of the grand -PPC at E, which is equal
- to the slope of the young workers PPC, . ?
. n*; = a°+§a1)/(Bo+iB1)
Earnings (W of the wo;ke;s are assumed tefbe eqqal to
'their pected(butput. For one §6unqer worker ‘
'. yo (Go+4a1) (1-S(B)) = "3 (Bo+By ) (1:S(P))
For one a' lahel older worker it will be .

wl -«(a°+alp)e(p)

. and one b label older worker will qet

LA

i wlb =n 1(a°+alr)e(9)

_All individuals lgiven identical taste) w;ll consume
a and B is same praportion 0aG/08S; L e ;1 ,
ii) Golden rule productton' plxn at point of the kink B
: (or C); In this case all the younq workers and all a'
label workern will be emplayed in a. All" b' lahcl older

i workqxs will be working in B. - The steady ' state relative

P

.
»®
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’
hS

"price  (n) will be equal to the slope of the CIC at golden

rule production plan. ' i

In this case-all tife ypunger workers will be employed in

—

a and their earnings will be , 4
(3.32) WO(P) = (an+iaq) (I-S(P))

When we look “gt' one representative older worker the .
' probability is § that he/she will be one with label “a' and

will earn

The probability is also } that he/she has label "b' and in

. (ag+ajPle(P) ; : .

that case will be employed in B and his/her earning in
terms of a will pe', .
n’3(Bo+B1P)etP)
So the expected earnin§ of one worker ip Jlder period is,
‘[ (agtaiP) + n*3(B+P1P)le(P) |
The nature of the relationship between P and n in-this
. case will be the same as in the basic }nform;tion model.
- The ohly difference in this case is that Qith hiqﬁhr ievels
‘of P,'n will decrease at a faster rate. The intuition,is As
'followl. with hiqhar 1evel of schoolinq the marginal cost .
(decrease in younq worke:s dutput a) is thezsamo as before,
but thc incxpa-e in output ’ 1n the oldex_pgfiod will be
larq.t. So tho  output of the + older worker, 1ntenltve
indultry B will anrealc at a fastcr rate than that of a.
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This will-lead to a faster decrease in n. Diagrammatieally

this relationship is shown by the curve AB in Figure 3.12. ~
" Individual worker's optimization
In the presence of a perfect capital market with fixed
interest rate (r) and given relative oﬁtput price, the
optimization problem of an(in&ividual worker is to maximize

his/her discounted life-time income (W)z. When we have the

steady state equilibrium on the straight line segment or at’
the kinked point of the grand PPC the ;resent.value of the
life-time income of an individual worker in terms of a is
given by, . I . . .
w-(a°+§a1)(1 S(P))+(1/(1+r))§l(a°+alp)+n(ﬂo+51P)]e(P):
The first order condition for maximization .is;
 df/dp=-s° (P) (ag+a1) +(1/(141)) (e(P) (ag+ny) + dl(agrar®)
o+ n(B°+51P)]e(P)-0
==  P=P(aqg, @1, Bo, Bi, r, ™)
As in the basic information ‘model” in this case also an
.increase in g, By Oor r will decrease the optimum '1eve1 of
P, while an increase in a;; B; or n will increlse it
Comparing this with the condition for reaching the grand
WPC (equation 3.30), both will give same level of P 1if and
'oﬁly if r=n. Thus in this case also iqﬁividuai'
optimization will coincide with the optimizaticnr‘for the

society if the rate of interest is equal to the. populatlon




growth rate.
From the above first order condition of maximiza;ion we
can derive the relation between n and individuals optimum

choice of P. These two will be directly related it is shown

in Figure 3.12 by the XY curve. Comparing tﬁéﬁ result to

—— gr—

that in the basic model (equation (2.9 )). in this case for

‘N
any given level of n individuals will choose a higher level
of P as the benefit component now includes some additional

terms, as there is an increase in productivity in the older
¢

.- period as a. result of schooling in the initial period.

Equilibrium investment in scliooling

As in the basic information model the feasible steady '

state combinations of schooling (P) and relative price (m)

and individual s optimum choice of schooling given n will

‘determine the final equilibrium. One such equilibrium‘is
-shown by point E in Figure 3.12, with P* level of schooling

‘and g* relative price. All the comparative static results

in this case will be the same as in the basic information
model. An increase in ao, Bo oOr r will decrease the
equilibrium level of P and will decrease n, while an
increase in a; or 51 will have the opposite effects.

COmpafed to the basic informstion model (Figure 2.14),

.the amount of human caoital investment may bc higherfor

lower, as the curve XY has shifted to the right while AB

\

3
J
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-

shifted tO"the leff and the net result will depend on the
relative am\au&/gihershift. The intuitiom behind this is
as follows. For a given 1level of allocative gain from
schooling (determined by n) individuals will..choo§e a

a . .
higher level of P as there is an additional gain from
- ‘I N
scheooling through productivity increase. But ., 'the
productivity efféét has a negative effect on the marginal

allocative gains, as a higher productivity gain results-in

©™

N - 2 '
{a faster decrease- in n for the economy.

=

V. SUMMARY , v

For thé—economy as a whole a higher }évei'of productfvity
gains from schéoling will,léad to an lqwer allocativé"éain.
The intuition is as follows. Higher productivity gain
implies that with more schooling, production of oldéf
intensive industry will iqcreasg at a faster rate than that
of the younger worker intensive'industry. This'will_lead to

a relative price movement - against the older worker

intensive industryﬂwhich in turn means smaller allocative

gain.




T g

. NOTES .

- a—— o

1If the allocative benefit. from schooling is vefy small

compared to the prodqctivity gain it is possible that there
will be no convex. parts in the graﬁd PPC rather ;; the
. : corners two straight line -segments with different .slopes.
The on@ towards the axis a will have smaller‘:lope=while
that touching the axis B will have steeper slope. In thag
case also there will pe two kinked points of the_grand PPC

and there will be no change in our analysis and reéults.

7/

2Similar to the basic information model in this case

. , .
a;so we will have a condition for global optimum. In the
folloyinq discussion we will study the case where that

’ . [ '
condition is satisfied and an equilibrium for the economy

exists, 4

9
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Allocative Effects)
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FPigure 3.9(b) :

PPC for the 0ld Workers
(both Productivity and
Allocative Effects)
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RFFECTS OF A CHANGE IN THE AGE STRUCTURE
OF THE LABOUR FORCE

" The objective of this chapter is to examine the effect
vof a change in the age structure of the labour force on(thé‘ '
real return from, as well as on the optimum amount of ‘

. schoo].u The fLrst sectioh provides the motivatiqn‘fon‘

" the - study through 'an examination of the *rqj@v:nt c,
literature The second section discuqsgs tho anbcts of a
change in the - age structure of the 1g§3ur'force on the

.feasible equilibrium combiuations—of ggﬁSinnq and relative
price. The third section‘ examines ‘the individual'

: optimizati ’“§¥3§lem. in: and &t of a;_stegdy atate-
situation. q@égé: different - types of changes in the age
composition qf the labour force. are’ examined in the three

subsequent sections. ‘Some concluding remarks are given in

the final section. .
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I. RELATIONSHIP IO P OUS WORK

N Beqinninq in. the early 1970 s, the Canadlan and the

u. s economies experienced a dramatic chanqe in the age
composition of _the. labour force (see- append;x 6). Witn the

.‘lgbour<merket entry of the post world war: II 'baby boom'
generation‘ the number of younger' workers in the labour

. force were significently‘rncreesed compared to ‘the number

oﬁ older workers. & numher of studies were performed in
order to determine the labour market effects of this change
(Freeman 1975, 1879, Easterlin 1978, Welch 1979 BRerger
1985 Dooley 1986 Dooley and Gottschalk 1984).

' One of‘the generel findings of these studies 1is that

“the members of the lerger coliort faced a depressed-marketl
‘weqe in‘their younger-life, and this wage deﬁressing effect"

~ was more pronounced for the workers with higher levels of

schbolinq. At the same time there was a signif;cant

\‘increese in the average level of . schoolipg chosen‘by

'individueis. Also. there is °an increase in ' the “earnings

inequality °both between the members of different cohorts

o

From these observetione it has been ergned that ther

.

"o returns from ,schooling, as well as the level of schoolinq

choeen by individuals, are affected by the sizes of the
dohort ‘one belonge to. This relulted inoa number of" studies i
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to examine the process throudh which cohort size affects
the return and the optimum choice' of human ‘eepitel
investment. - ' . o '\\\;.‘-
' Welch (1979)° argued that ¢the change in .the’ age
structure of tne‘laboﬁr force affects the relative earnings
of the different cohort of workers, since workers with
different levels, of experience are imperfect suhstitutes
for one another. So a relative increase in the number ‘of
younger workers‘ will decrease tneir relative earning. The
smaller is the elasticity of substitution the greater will.'
be the wage depressant effect.,Welch further. argued thet'
workers with different levels of schoolinq ere imperfect
substitutes for one another end that the elesticity of

) substitution between different experience levels decreases.

~with-the level of schooling., From this he concluded that

. _'the-wage depressinq etfect will be greater the larger the

" cohort’ and tﬁe (Ei;ﬁér its investment in human capital.
Welch examined the waqe depressinq effect over time in
'terms of a oereer phase model, where different phases are
identified’ by the activities in which one devotes his/her
time Each worker lis assumed to pass through different- -
phases of his/her career (the simplest case gonsists of two:
‘phases, _ young and old). It is assumed thet the time

required for trensitioh from one pheee to the next is
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exoqonously'gpven' and.it independent of ;ohort size. Also,

. . 7
- - .

the wage rate éa;ned by one representative workeg_,in'the
period of_ trepsitioq'is assumed independent of the-éo@ort
size. In wglchﬂs model the 'members of the larget‘cohort
start witb.a lowetr income level but reach the~§ame.level of
income at. the transition. point. This impliég, a faster
earninqs” growth iﬁoflzthé larger cohort. Thus in Welch's
analysis the relative éatning of ‘different,'¢;borts are
affected by relative supply change only and fcr the baby
boom generation he preédicted a faster earnings growth than
for other cohorts. , ' '

On the .other hand Freeman (1975,1979) argued that the
depressed wage of the larger cohort in the ‘30's waé a
result of both changes in supply and demand conditions. In
his studies the supply stae effect |is also"examined in
terms of imperfect substitution between Gbrkers with
different levels of experiencu. But Freeman (1975) argued
that in the 1970's. the U.S. economy experiépé;d'a shift in
labour demand against the group with a .hisher 1level of
schooling due to a change in the industrial s;;ﬁcture. He.
argued that the shift in labour-demand,is\comiﬁq to an end.
Without a favorable demand condition the supply effect will
dominate and the members of the larger cohert will not

experience a faster income growth rate. In his studies the

7



demand, condition is considered to be exogenously qiven.;gn "
his later study Freeman '(1979) argued thet the wa&;
depressinq effect. on the membgrs of the 1argtt cohort is a ’
permanent one, at least for the following three reaagpd’
Firstly they started at a lower starting wage and.a;féhéy.
move up in the job  ladder they will always have lower
-income. Secondly due to competition some of then may have
chosen a job with a lo;tr earning growth path and thirdly
they will face competititn from a larger pool of workers
for promotion raise. And he concluded that to understand
the relation ~:I;wten earnings and the age composition of
the labour force more emphasis should be put -on démand
conditions. ‘ .

Ip an empirical paper for the U.S. Berqer“(lSSS)A
estimated a modified version of the Welch model and
‘concluded that the members of the larger cohort-ln faqt
experienced a slower earnings growth rate. He aféutd that
the time required for transition £rom one careef:phale go
the next may not be exogénous and it may bq largér ior the
members of the larger cohort. Berger asserted_that the';abxl
boom generation may also have chosen a lower level of human
capital investment and on-the-job training, as the tipgcteq )
return from such investment may be lower and this miqht be

-

one of the reasons for their slower eafninq growth rate. o

3
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"Dooley (1986) examined the cohort size effect in terms
of relative supply change for 'the Canadian economy. His
findinqi are generally consistent with those of Welch, that
is the members' of' the larger cohort experiencéd a

depressing wage rate and this wage depressing effect

decreases with level of experience. But his study cannot
explain‘the fact that the earning gap is narrowing between
workers wlth different scpooling levels fof, both youn§ and
old workerQ. Dooley, like Freeman,'also concluded that the
change in the str&cture of demand should be ex#mined in
order to fully e*hmlne the cohort‘size effect.

Dooley and ‘Gottschalk (1984) examined the effect/of a
change in age composition of the labour force on relative
earnings and ea;nings inequality. They found evidence of an
increased income 1nequa1ity within cohorts as’ a result of
the labour market entry of the baby boom generation. They
studied the effects from a supply- side point of view and
used a two staged approach. The first st examined thg‘
effect of the age structure of the labour force on the
return from schooling in a one-sector neoclassical growth
nodgl, where workers make no decisions. In a second stage
they looked at the ;ftect of a chanqe in the return' roﬁ
'choolinq on optinal investment in human capital in -the

Ben-Porath model (1967), where qrowth rate of return frﬁm
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;chooling are given. Thus, 1in two stages, two different
appro?ches' are taken reg;rdin; worker's behaviour. They -
also recognize the fact that a better approach t6~the
problem would be a general equilibrium model where the rate
of change in the return from schocling and ﬁﬁe optimum
level of schooling were determined simultadeouslf.

All the existing studies attempt to explain the effect
of a'changé in the age structure of the labour force in
terms of relative supply -change. As shown in Cbnneily
(1986) the pregictions of tﬁe;e studies differ partly due
to different prdduction functions assumed.

wWith a change in the‘gize and the age étructure of the_
labour force the producﬁion possibility frontier for the
economy will shift. This will result in a chanég in bpth
the relative prices and the amount of production pf
different commodfties. Since skilled (older) and unskilled
(younger) workers are employe;\\ﬁn different industries in
different proportions _(Welch 1979, Smith and Welch 1978),
any change in the output mix will change éhq"gelat4ve
"demand for skilled or unskilled workers and will' lead to a
change in their relative earnings.’ Previoul‘ studies have
assuméd‘ that cohort size has doghin§ to do with the
structu;e of labour demand and ignored the above ,general

equilibrium effect. For a complete picture of how cohort

~e——
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size affect human capitil investment, one cannot ignore
this eéfecg. The purpose of this chapter is to examine this
general equilibrium effect. _

Human capital 1investment increases individual output
not only through productivity iﬁcrease but also throuéh
allocating the workers to their most productive uses
(Jovanovic 1979, MacDonald 1980). The increased
productivity effect' of schooling is determined Sy tﬁe
relifive supply of different groups of ° workers, which ﬁas
been examined in the different studies mentioned above. On
the other hand, the structtre of market demand is directly

P

related with the allocative benefit from‘schgdling. So one
; way to étudy demand' effects is to exaﬁine the

allocat199/5;;:;:::~;rom schoolihg inta'general equilibrium
model where the rate of change in the returns from.
schooiinq and the optimum level of schooling are det;rmined
simultanecusly. Thus the geﬁeral equilibrium model of the

labour market developed in the previous two chapters is

appropriate to examine the problem addressed.hefe.

In this chapter in addition to the baby boom effects

we are also going to examine two other changes in the age
\composition of the laﬁour' force. A selective immigration-
policy, where a large number of skilled workers are alioyed.
to immigrate will result in a change inﬂthe age composition
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aof the labour force (see appendix 6). In terms of our
general.equilibrium model this will inchase the cohort
size of the older workers (skilled) compared to Ehat of the
younger (unskilled) workers. In section V we will discuss

the effects of such a policy.

Secondary workers in the labour market are mostly
unskilled and have reiathely shorter working lives. In our
model .gpey can be identified as 'young workers'. Any
increaéé. in the \number of secondary workers. 4see appendjix
6) should have effects similar to an increase in the
relative size of the 'younger wo;;ers'. The effects of sﬁéh.
a change are examined in section VI. / .

Our analysis here will be on”-the basis of the
equiliﬁiium at‘the kinked point of the PPC for the economy
since the"othe; two situations can be considered special
cases of this.one._We will study the kinked point where'all
the young and 'a' labeled older workers are empléyed ina
and all 'b' labeled older workers in 8. Thus indﬁstry B is
oldefﬂlgxilled) worker intensive and a |is ;ounqef worker

intensiée.

II. EFFECTS ON THE FRASIBLE BEQUILIBRIUM COMBINATIONS OF
SCHOOLING AND PRICE

" This section examines the effects of two different

»
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types of changed in the age structure 6f the labour force
on the grand PPC and on the relationship between the level
of schooling .(P) and the relative price of B in terms of a
(). In the first case we will look,K at an increase in the
number of young workers while the number of older workers

4
stays at the gtgaay state level. In the second case we will

. assume that the number of young wofkefs is at the steady

state level while the number of older workers is increased

compared to the steady state level. For the sake of

expoqition imagine that we are in a goiden rule steady

state produétion plan.
*

Increase in the Number of Younger Workers

In Figure 4.1" the "steady state grand PPC is shown by
€he curve ABCD and 'Fhe éolden rule production -plan is
ichhed at point B with level of gshooling PG. The golden §
rule rélativegﬁrice corresponding to tq;l//I; given By'the
slope of the ‘CIC; at point B (shéwh by ab). When the npﬁber_t

e

~of young workers are increased in one period while the

' number of older workers stays at the steady state level,

_ the qroup PPC for tui~ycunger workers will Dbe enlarged but’

é

that of the older workers will -remain the | same ‘For the’
grand PPC this will imply that' tWe length of the straignt
.line-part will be 1ncrqased while that of the convex parts
wul remain the same. 'rha new qrand PPC is shown by BFGn in

. : )
. .
L . - [ 't e
- .
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Figgre \i;i‘ where point F correspond -to £§; level of
schooling PG. In the case illustrated, the new production
plan is shown by point F and the new réiative price is
given by the slope .of the CIC; at F (shown by a'b'). From

the construction of the grand PPC-we can see that point F

will be vertically above poinf‘ B. Given homothetic“

preference, any point on the CIC's to'khe left of the OB
ray must have a steeper slope than that ?t point B. So the
slope of CIC; at F must be greater than that of CIC; at B.

Thus for P®, with an -increase -in the _number of younger

workers the price ratio for the economy will be increased

~ compared to the_steady' state Level.- This is true for any
level of P between = 1§ and ‘1l as§ the producticn point will
move along the straight line F3: In terms of Figure 4.2 the
curve showing the feasiﬁle equilibrium ccmbinations of P

"and R~ for the, economy will .move ‘upward tc ADE from ABC
(steady state case) For any given P the relative price
moves against the younger worker intenaive industry (a).

Increase in thb Number of Older Workers ,

In‘thig case' the group PPC for the younger workers

will be " the same as the steady state one while that of the

older workers will be expanded. fhus for the grand PPC the

length of: the straight line segment ~ will remain the same

¢« but that of the convox parts will be increased. In terms of °

L]

-

-
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Figure 4.3 the grand PPC will shift to IJKL from ABCD. The
production .point corresponding to the:steady state golden
rule level of P will move from point B to point J and given
h;mothetic preference the relative pmice ratio will be
decreased compared to the steady §tate level. By similar
- reasoning as before for the economy as a whole the feasible
‘equilibrium n-P combination locus will shift d
from ABC to A?C in Figure 4.2. For any given P the relati
price mbves'against the older worker intensive industry.
The intuition behind the above changes is as fol
" As the size of one group of workers is incfeased, ourput of
the industry Ehing that group of workers intensively will
increase proportioﬁately more. This wili regult in a

relative price movement against that industry.

_ III. IMDIVIDUAL WORKER'S OPTINIZATION ‘ -

In this section we 'will examihe an individual's

optimization prcblem, when we are out of the steady state
equilibtium and the relative output price is chanqinq. We
wili denote the relative output price 1n the younger period
by “o and in the older period by Ry1. From the individual
worker's point of wview these .atc given exogenously and
fixed. |

A roproloﬁt;tlvo .1udividual worker's earnings in the

-




112

two 'periods of life (W, and W;) will depend on the level o
schooling chosen. When .earnings are insured at their

expected level, (as derived in chapter 2) these are,

(4.1) WO(P) = (ag+ia;)(1-S(P))

(4.2) Wl(P) = i{(ag+a P)+(Bg+B1Piny]

In this case also we are going to assume that there exists
a perfect capital market where individuals can borrow any
amount (B) at a fixed interest rate (r)l. Under such
conditions the individual's optimization problem can be
written as

Maximize U = u(C%,cPy) + (1/(1+.:))u(c%;,cBy)
Subject to

wo(p) + B

n’

cy + nochy
- c®; + mycPy = wl(p) - B(1l+r)
" where B can be either positive or negative. Substituting

the cons;raints in the utility function and using eqﬁa;ioos

(4.1) and (4.2), we have ‘ )

(4.3) U = u(WO(R)+B-noCPy, cP )+ (1/ (140 ) yu(wl(P)

-B(1+r)-nycBy,chy)
The first order conditions -for maximization are,
(4.4)  6U/8CB, = -uB,ng + uBg = 0 |
(4.5) au/5c51 = (1/(14)) (-u®yny + usl) =0
(4.6) 6U/6B = u®y =((1+r)/(1+c))u®; = 0

(4.7)  6U/BP = uB,(EWO(P)/6P)+(1/(1+0))uSy (8WL(P)/8P) = 0
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Equation (4.4) shows the optimum consumption
combination of a and B in pefiod_o and equation (4.5) shows
that in ﬁeriod 1. From equation (4.4)., (i.S)’and (4.6) we
can derive, ™
(4.8) (uBy/uBy ) (ry /mg) = (UBg/u®y) = (1+r)/(1+0)

which shows the optimum allocation of consumption between
the two periods. Equation (4.7) determines the optimum
level of schooling (P). In this equation the first term

shows the cost of schooling while the second térm is the

. benefiq in terﬁs of increased prodﬁctivity. Using equation

(4.8) the optimum level of P determination given in (4.7)
can be written as
(4.9) S'(P) = ¥(ay+n187)/[(1+r)(ag+iaz)]

This is the same as derived in the s;eady state model

. develéped before except that nj; replaces n. a, and r will

have a neqati#e effect on P, while B;, n; and under certa;n.

" conditions @y (if 2a4>Bjn) will have a positive effect on

P. The current period prices do not affect irdividualjs
choice of P. Since future price (m;) determines the current

level of P, individual's expectations regarding wn; will

‘determine the current choice of schooling level. We will

examine two alternative types of expectations formation:
firstly a myopic one where workers expect that the current

price will prevail in the next period. In that case the .

[
+ . . ~—
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felation,betweén the cufrent price and lgvel of schooling
will be the same as derived before and shown by the curve
RS in ?iguré ::i. Secondly, we will exaﬁ}ne a 'one period
perfect foresight"casg where workers can foresee the next
period changes in the relative price due to chahqes in t§e
age composition of the labour . force. In' this case the
optimum choice of P will be ;hdepegdent of. the current
price§ but directly related with the future ;xpec;ed price.
This relationship is shown in Figure 4.4 by TU for mi, VW
for ny (where njy > nY ). -

IV. ONR LARGER COHORT OF WORKERS PASSING THROUGH THE

LABOUR FORCE

We will start with a steady staté equilibrium and then

increasg‘the number of youﬁg workers in one period (period
t) while éil number of older workers are in the steady
state.leQ;i. In the next period (t+1).we: will assume that
the number of young workers-is at the.steady state leve}
while the number of Blder workers is increased compared to
the steady state level. Thus we are looking at the affeéél
when a -'baby boom' generation ‘(qeneration G¢) passes

through Ehe labour force.

Effects on the Actual'lLevel of Schooling and Price
Combining the feasible equilibrium combinations of P
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‘schooling P* and relative price n*.
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‘and n for the economy (derived in section II) 3and

. individuaI [ optimum choice of P given n (derived in the

previous section), we can examine the eIfeCt on the actual

'equilibrium level. of schooling and relative price for the

economy. For the steady state case th-ese are shown by ABC
and RS respectively in Figure 4.5. The steedy state
equilibrium is established - at poin; .B with level of

Myopic expectacioqs: In this cas; there will be no
change ig the individual's optimum choice of P .as the baby
boom., genenation oasses ‘through the labour force. But ae
derived in section H~ the curve showing the feasible
combinations of P-n for the economy will shift upward-(to
ADé) when the baby bocm~generation are young and it will
shift ‘dowhward (tQAFC) in the next period as they get
older. Thus -in period t when the baby boom generation enter
the labour force as young workers the equilibrium point

‘will be determined at point D which corresponds to a higher

than steady state level of both relative price (my>n*) aﬁh
schooling (P¢>P*). In the next period (t+1) the equilibrium
point‘will move to E with a lower level of both'P and m.
Thus the baby boom generation- faces an adverse market
condition, when they are young the relative output price

will move against the young worker intensive industry while
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in their older period it moves against the older worker -

intensive,industry.'nue to thig price movement the members
of the preéeding and the following generations will be
better-off. The members of the baby boom qeneration{get)
will chqose a higher level of schooling while the following
generation (Gg,3) will choose a lower 1level. These results
are given in columns 2 ané 3 of Table 4.1.

One period perfect foresightedness: 1In this case the

equilibrium can be determined by combining the individual's_

optimization under pérfect foresightedness (shown by the

vertical curves in Figure 4.4) with feasible equilibrium P~
n combinations of the economy (Figure 4.2)..This is shown -

in Figure 4.6. We can see that the equilibrium level of P

‘is determined solely by individuals' optimization, while
.given that level of P the equilibrium relative price is

determined by the feasible P-n locus. With TS and ABC the

equilibrium at B shows the steady state case.
: o

In period t-1 the younger génerqtion (Geg-1) under

perfect foresightedness will expect an increase in the next

period relative price (r;) and the individual's

optimization cgrvé will move from TS to VW. Since the size
of thbflAbour force is at the steady state level there will
be no shift in the ABC locus and the new equilibrium will
be ‘at point X. Cquaféd t%,the 'steady state level (point
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TABLE : 4.1 EFFECTS OF A ONE TIME INCREASE IN THE SIZE
. - OF THE LABOUR FORCE (MYOPIC EXPECTATIONS)*
% (] _
BFFECT ON CHANGE IN CHANGE IN(1) EarNING(2)
PERIOD PRICE (n) SCHOOLING(P) EARNINGS INEQUALITY

t-1 -- -- IR -

- | Yy = I
) ! R SR
-t+l l : l gg . [? ?
t+2 . == --. - zg : I | ]
tj"3 ' -4 ST B == ' --

* Changes are relative to the steady state level.
(1) Yy. Real earning of young workers,
Yo: Real earning of older workers. -
(2) Inequality of earning between young and old workers.

*

TABLE : 4.2 EFFECTS OF A ONE TIME INCREASE IN THE SIZE
- OF THE LABOUR FORCE (PERFECT FORESIGHTEDNESS)

EFFECT ON :CHANGE IN . CHANGE IN EARNING
PERIOD _PRICE (n) SCHOOLING (P) EARNINGS INEQUALITY
t-2 - -- -- -
£-1 | [ SR S ?
Y .
~ _ Yo ¢ L
. _
-t ' i . Y.t T ?
_ BRI
t+l 1 . e SRR P | L
Yo : |
t+2 - -- ; - -
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B) the 1level of P  is increased but n is decreased. In.

period t the younger generation (G,) will expect a decrease

in m; in tyg-next period and their optimization curv?'wilk-‘

move to QR. In this period as we have a larger cohort of, -
younger workers the feasible eqﬁilibrium combinations will®
move from ABC to AYE and we will have a rnew equilibrium at
Y with higher 1level of n but a lower level of P. From
period t+l -individual's optimization will be baek dt-éhe

steady state case.‘But in period t+1 the larger cohort of

"t older workers will shift the ABC locus to .AZ2C and . we will.

4

SN

have ' equilibrium at 2 with a lower level of n but the

steady state level of P. Columns 2 and 3 of Table 4:2 show

4 4 -

‘these results.

Effects on Observed Earnings add Ingggalitx in Earnings

The observed level of real earnings of a

I

represent#tivg worker in different groups will be affected
py the change ip relative price as we}l as the level of
schooling. A ﬁiqhef level of ‘P chosen by‘ any qenerafion'
will‘ imply lowér_‘earnings iﬂ their younger period but a
higher income level in the older period. Since all the
. younger workers are employed. ina a ch;nge in n will not
'affecf tﬁeir earnings. But the real earnings of an older
worker are positively related with the level of- n. Thus the

change in earnings of an older worker with a chanqo- in the

-

-~

~
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age structnre of the ' Iabour fotce ean be derived from
equation '(4.2) as

(4.10) aWl/aN = (@y+Bin) (dPY/AN) + (Bg+B1P)(dnO/dN)

wnere PY i{s the level of schooling chosen by them in their
younger period, n® is the relative price in their older
period, and N is.the cohort size. In any period if dPY/dN
and dn°/dN are both positive (negative), the older workers
of that period will earn more (less) than that in the
steady state case. If dPY/dN is positive but dn°/dN‘is
negative, earninqs of the older workers willebe hiqﬁer than

-

the steady state level if, in absolute valué

(=4

(a1+51n)(de/dN) > (ﬂo+BlP)(dn°/dN)

" - Alternatively this conditipn can be written as, o

(4.11) dan®/drY < (ay+B1m)/(Bo +B1P)

The value of dn®/dPY_ is determfned by the shape of the
CIC's, and’ inversely related with the elasticity “of
subatitution between e and B. in consumption. ta1+B1®) is
the marginal allocative gain from schooling and (Bo *B1P)
is the expected output of a 'b' labeled gprker in industry
. Thus with the changing age composition 'of the labour
force, the older workers will earn more ifq:ﬁthe elasticity
of substitution in consumption is large, the marginal

allocativo qainl from schooling is large and/or .thel

productivity of a 'b' 1labeled worker in industry B is

.
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small.

If dPY¥/dN is negative but dn®/dN is positive, the
older werkers' earnings ;ill increase if
(4.12) ~ dn%/aprY > (a;+Bin)/(By +B1P) °

Myopic expectations: Up to period t-1 the reai
earnings of the workers will be atﬂthe stead§ séate level.
In period t the youné workers (the Saby,hbom gedération G;)s
-will earn a lower: ikcoMe as .they will spend more time at
school. The r;lative price in this period is changed in’
favour of the commodity produced by the - older worker
intensive industry, which wgll_inereaee the real income oéi.
the older wWorkers. Thus we will observ; an increase in the‘
income inequality between young and older workers during
this perlod ° Alternatively we ébuid say that the:g will be‘
a steepenlng of the age profile of observed eatninqs.'l

IS

have referred to such steepening as an increase °in 'income
inequali;y' throughout this thesis. . °
In period t+l thel’ younger workeri (Gt+;) will spend
.less time at school whicﬁ%will imply higher earnings for
_‘them in that period. The’ older workers in this petto;
('baby boom' generation) will face a depressed real wage
.due‘%o a decrease ip n .but their higher level éf schooling
(chdeen‘in the p;eQieus period) wili have a positive effect

Q

' oﬁ their income. So > their observed earnings, and as such

o
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income inequality- in this period, may move in eithef
direction. If condition (4.11) is not satisfied the real
earnings of the older workers will decrease and we will
observe a decrease in the earnings inequality compared to
both the‘previous period and the steady state level.

| In the néxt‘period (t+2), older workers will.earn a
lower than steady state level of earnings due to a lcwef
level of.‘iéhooling chosen by them in the previous period
but the younger workers' situation will be back at the
steady ‘state,;level. Thi§ w;ll result in a lower income
inequalit&. ' °

These effects are summarized §n columns 4 and 5 of
Table 4.1. The age'earnigqs'profiie corrésponding to these
9ardinq patterns é}e shown in Figure 4.7.

One period perfect foresighte&hess: Columns 3 and 4 of
Iaﬁle 4.2 ;;ummagize the ‘effects under perfect foresight
case. Young workegs in pericd’ t-1 will earn 1less than the
steady state level as they will spend more time at school.
As ® Ls'decreased‘in this period real income of the older
workers will also be decreased. The inequality.of income
hetween yqunqetJ and older workers may move -in either
direction. . 7

Iin poiiqd t older workers'’ eafnings_wili be increased

due to tﬁqkrisebin both n and the level of schooling chosen
, - ‘ Co : -

-

-
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by them when they were young. In this period the young
workers' schooling 1level will be decreased and this will

increase their earnings-ahd income inequality may move in

[N
either direction. hd

In period (t+l) the level of schoolihg chosen by the
younger workers and as such .their earnings will be at the
steady state level. The relative price movement as well a;
the schooling .leyel will decféase the older worker's
earning in this period. Thus the inequﬁlity of ipcome in
this.period will be increased. From periods t+2 we will be
back at the steady state equilibrium?. .

frediqticns of Our Model and the Stylized Facts

The oSserved effects of the-lab&ur market entry of the
baby poém generation are the following. Tﬁe larger cohort
workers facéd-a depréﬁsed market wa&e when young, and this
‘wage depressing effect was moré pronounced for the workers
‘with higher levels of schooling. At the same‘time thepe was
a significant increase in the average level of schooling
chosen by individuals. Also there was an increase in the
earnings inequality between age groups observed during that
period. Looking just at the most recent stﬁdies,j,for the
Canadian economy Dooley (1986) find faster earnings growth
for the larger cohort workers while for the U.S. Berger

(1985) estimated slower growth. w s

- a4
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~ The predictions of our model‘depend on expectations
formation. pookiné at thi'above“facts, we can say that the
predictions of our.model under myopic expectations are more
'clpsely related to what we observe. Using our analysis
under myopic expectations we can give the following
explanation for the stylized facts. .
When a larger cohort of worker enter tﬁ§> labour force

-

the demand conditions and the relative prices move agiil§
[ 2

the younger worker intensive in&;;try and this 1leads to

decreased real earnings for them. This also results in a

’

windfall increase in the allocative gains from schooling .

.-which makes the older workers of that period better—cff.

These changes result in an increased sccoqling level for
the baby boom generation (as cost is decrgasec and expected
benefit is increased) and increased earcincs‘inéquality. So-~
the effects through the chanqes in the demand cbnditions
reinforce “the effects tprcuqh changes in the supply
conditions. T ] , , -

' But as the baby boom qeneration qets older the effec;s
through the demand side and +he supply side work in.
opposite directions. As shown in the Welch model (1979) :he
supply ccnditionl will result in faster- earning growth. In
dh: nodcl on the demnnd sﬂlc tho relative price will move

aqdiast the older worker intensive industry and there will
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be iess allocative gain from schooling for the members of

the larger " cohort. The net effect may go in either

3

direction. This can explain the faster growth rate observed

" .in Canada (Doocley, 1986) but sTower growth rate for the

U.S. (Berger, 1985). .

on the " other hand if one period perfect
foresighteédness is assumed, our predictions are that the
baby boom genoration will cﬁoose a lower level of schooling
while that chosen by thq; precédind generation will be
higher. But the observat:‘ns of the last two decades shows

that the 1level of §_il

ling chosen by the baby Soom
if perfect foresightedness is

b

assumed then the change¥ in the 70's are not a result of
labour market entry. 3; the baby boom generation rather
result from something else. . -

V. AN INCREASE IN THB NUHBER OF OLDER WORKERS

In this section we- will examine the effects of ‘a one

period (say period t) increase ‘in the cohott sLZe o£ ‘the,

older/skilled workers. One possible caule for this type of'::~;“'
change in ‘the compositioa of the labour fotoe may ue a l{tiﬁi
liberal immigration policy, where a 1arge~numher bf sk&lded»i;@éﬁ

LA ) LT

workers are’ allowed to immiQIate.‘ o ‘ ’9 »‘r"*f¢j§€~éf“
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the égme as that shown in Figure 4.3. Corresponding to this
the feasible equilibrium combinat;pns'of P and n will shift
downward, in terms of Figure 4.2 from ABC to AFC. Under
myopic expectaéaons (in this and the next sections we will
study only this "case) there will be no phange in the
individuals' optimization -problef. In terms of Figure 4.5
the equilibrium point will move from the steady state level
‘B to F.'Thus when we have é larger cohort of older workers
the relatlve price will move against -the older werker
intens;ve industry and the fib‘l~of schooling choseén by the
younger generation will be decreased. If this is a one time
change, in the next period level of P and n will return
to the steeéy state equilibrium.

The net effect on periodic eerning of different group
of workers will be as follows. Up to period t-1 there will
be no chanqe as neither n nor schooling ievel is changlng.

'In period t younq worker s real earninq will be greater
_ .ﬁ.than the steady state level as they will spend le\k time in
':;gi:J school and more time workinq. In this period older worker s
;Q}; :ell income will decreese due to the fell in n. These

atween thu rcunqer and the older workers in period t. In
‘,;?ﬁéji!lt» ﬂnrfod (t+1) xeai income of the yqqnqer workers
AT A LN SR

BT L

*'%ﬁ,?i*“ﬁﬁﬁlkj§;7back gg\thejiﬁehdy state. 1eve1, but oIder worker's

(; T
s t ': S ’.
A
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TABLE : - 4.3 EFFECTS OF A ONE TIME INCREASE IN THE COHORT
SIZE OF THE OLDER WORKERS -
, .
: EFFECT ON CHANGE IN CHANGE IN EARNING
PERIOD PRICE (n) SCHOOLING {P) EARNINGS INEQUALITY
t-1 - -- - - -
R 4
t { ] : Yy & |- 1 -
o Yo Lo
Tt -- B A T S |
. [y . 'Y ’ uyo-: 1 )
t+2 -- i :o=s ' \
) »
‘ll TABLE : 4.4 EFFECTS OF A ONE TIME INCREASE IN THE .
‘ COHORT SIZE OF THE YOUNGER WORKERS '
l L) -*.
EFFECT ON CHANGE IN CHANGE IN . ' EARNING
PERIOD _PRICE (n)  SCHOOLING(P) EARNINGS INEQUALITY
t-1 -- -~ - -- --
t . ‘ | . I Yy ¢ | 1 .
| Yo : |
t+l . -- : -- ) ‘;y : - I .
: ' , ot | .
' t+2. -- ¢_ S »
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earning will be lower than the steady state level because

they ﬁad spent less time at school while théy were young.

.- SO the inequality of incqme between the yéung and the older

workers will be smaller ;han‘the steady state level, but‘it

) i will Be greater than the previous period {t), since in

; <7 ; period t decreased n was also contributiqg towards .a lower

. : .{, N‘itm:q"t.t_a_].j.ty-". A}_l these effects are summarized in Table 4.3.

N ) .-

If we have a‘permanent increase in the number of older

go;ﬁers in that case we will move from one steady stape

'-_equllibrium to another. The sithation shown in period t, a

. lower level of P an& n and redgced inequality of income

will characterize the new equilibrium. Thus we.will move to

a new steady state eéuilibrium with lower level of

schooling, lower relative price of B and reduced income
gpi;equality.'

To summarize the effecgs we can s#y that the older
generation in the period when the cohort size of the
skilleQ‘workefs. is incraaséd will be worse-off but younger
group in that period “will be bettef-off. The equilibrium
‘level of schooling will ﬁe decreased and this will result
in a reduced inequality in incohe.4



VIi. AN INCREASE IN THE NUMBER OF YOUNGER WORKERS

An increased participatioﬂ rate by the secondary workers
in the economy also changes ihe age cbmposition of the
labour force. This ;ncreases the,siie ©of the }ounqer work
force but the number of older workers remains the same. One
example may be increased lgbour force participa;}on by
married women, who .on average have much 1e§s work

experience and OJT, than men of the same.age, and have

' therefore invested much less in information and may be

b 4
-’

thought of as similar to young borkers in tﬁe quality éf
their person-specific infprm;tion. This change may be o{
temporary or permanent nature. |
If this change takes placd only in period t, thén the
grand PPC will move from ABCD to point EFGH in terms of
Figure 4.1. For any éiven leQel of P the equilibrium price
level (n) will be increased and in terms of Figure 4.5 the
feasible equilibrium combinations will move from ABC to
ADE. Under myopic expectations there will be noA.change in
the individual's optiﬁization Qecision and the.egﬁilibrium
point will move ffcmwa to D. The equilibrium level of n and
P %111 'be increased. 1If this is only a one period change
then from the next period the equilibrium will be po;nt B.

“In period t the young worker's observed earnings will be

lower than the steady state level due to their higher

Al
-
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level of schooling chosen by them. The increase ?n n will
increase the observed earnings of the older workers of this
~ period. Thus the inequality of income between the two
groups will be increased. In the next periqd younger
Qorker's schooling 1level and income will move towards the
steady state level but old?r workers' earnings will b;
higher as they had higher schooling level in theif‘&ounger
period. This will increase the inequality of income. These ‘
are shown in Table 4 4. ) .

If this change was a_peimahent one thé; we will move
from the steady state equilibrium given up to time t-1"to a .
new one given by that in time t in Table 4.5. In that case
at the new steady state equilibrium we will have higher
equilibrium level of n and schooling level (P) and also
greater inequality in income. T ~ N

Thus the effects of increased female 1labour force
participation are identical to the cohort size effect whon
the baby boom generation 1is in its younger pefiod. The
changes .observed in the labour market inﬁéhe last two
decades may be a result of both the labour market entry of
th; baby boom qeneration :and incregsed female
participation. The observations in the late 1980's and

1990's (when the baby boom generation will become older)

will show which of these two.effects was more important. If

e =
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noc further changes in the _return from schooling are
observed it could be. argued that we are at a new steady
state equilibri?m and the female labour forcé pa;ticipation
was more important. On the other hand if we see a decrease
in the return from . schooldng that could be taken to imply
that_the' Baby béom; generat;on was mainly responsible for

the changes in,the 70's.

-,

In summary we can say that yhen'the cohort size of the
unskilled workers  is incréésezb the'meﬂSers of that group

~ \ . ‘
will be worse-off but older group of workers of that period

will be better-off due ta;}he relative price change. The

equilibtium level of sch oling will be increased and this

will result 'in a increased inequality in income.

VII. SUMMARY
'In this chapter we have shown that dny change in the aqé

[

structure of the 1labour force 1leads to a change in the

relati?e output pricei This changes the allocative ‘benefits
ffom,'and equilibfium leved of ‘schooling. So for a complete °
Picture of how cohort size affects level 6f~ schogling Qe
should also adg the effects thégugh the structure of 1abour
demand. o ' :

When the number of younger workers increases, the output

of the younger worker intensive industry will be increased

AN
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and this will lead to a relative price movement in favour
- gains from schooling for the current’ generatlon of old wij f&
:be increased and under myepic'expectatlons the youn ill
choose a ‘higher level of in#est;ent in information. This
¢ill also increase the inequality in;Veainings between
.ggﬁanFions.‘An increase in tﬁo number of c¢lder workers has’

the oppdsite effect.

l

of the older worker intensive industry. Thus the allocat:ve s



NOTES e

1In‘ the presence of a domestic capital market the

interest rate will also be affected by the change in the
age structure of the labour market. ‘Since our objective :I.s\_~
to study human capital investment, we are going ﬁb assume )

that there is an external capital market with a fixed

.

interest_ rate r.

1

N

2Throughout this chapter it is assumed that the second,

period earnings are insured at the expected level. If +-is
assumption is relaxed there will be earnings inequality.
among older workers also. The level of inequality will be
positively related with thé& 1eve1 of schooling. _ B f;°-

.

3Em%gration on the. other hand will change the age

composition of the labour force towards less skilled
(older) workers. In terms of Figure 4.3 the grand PPC will
‘'shift from EFGH to ABCD, and this will result in a relﬁkivé
price movement against the younger gprkor intensive

industry. The equilibrium level of P and n will increase.

132
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4nis may help to explain the fact that the level of
-schooling chosen by native born Canadians are lower than

their counterparts in the U.S. As shown in Table A-2 in

appendix 6, immigration to . Canada resulted in a change in‘

the composition of the labour force towards mére older

(skilled) workers. In' terms of our mddel; the result of

‘this is a 1ower‘ return from schooling. This in turn®

resulted in a lower schooling levei chosen by native bern

Canadians. But in case of ihe U:s. the labour force

structure was changed in the opposite 'directioh by
'

immigration. This may have resulted in a higher 1level of

schooling chosen by native born Americans. .

¢!

)

»



Figure 4.1 : The Grand PPC with Larger Cohort
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Figure 4.3 : The Grand PPC with Larger Cohort
of Older Workers
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EFFECTS OF A SOCTAL PENSION PLAN

»

. l As a result of a large projected deficit in the Canada
‘Pension Fund.for the earlyvtwenty-first centuﬁyl, there has
been é renewed debgte . regarding the future of the proéram
(Burbidge 1982, OEC Position Raper 1983, Royal Commission
‘Report 1985, Courchene 1987). Siﬁ;lar debate is also éaking
place ;p the U.S. regafding the social security program
‘ ’ s existing there. _In_'ordéf to evaluatel’different poiicy

alternatives it is eékehtiél to have a clear understandipg :

‘of the economic effects of such a program. v

There is 4&°'vast literature ‘on the economic effects of

afSécial.pension plan. Much attention has\bq<;;h:evoted to

the effécts on saving, capjtal formation and ur supply
) ; . - (Samuelson’ 1958 Aaron 1966, Feldstein 1874, 1977, Barro
. 1974, Boskxn 1977, Quinn 1977, Burkhauser and Turner 1978,
t" . Fields and - Mitchell 1984). A’ general surve¥_ of the
. i | lit:eratu're is given by 'rhomp-( (1983) Barro (1974) has
8 ‘ /
.arqued that if interqeherational transfers in the forny of
- E 1 3‘8 .
¢ ’
. A -
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children‘s aducation are operative, a'social-pension plan
would have no .effect on " hnnan ‘capltal investment Two other
papers (Drazen 1978 Black 1987} addressed the effects of
_the program on the amount of human capital investment. In
these studies it is assumed that the return from schooling
is not affected by a socfal pension plan. The one by Black .
exagined the incentives created through intragenerational
transfer through a social:pension plan. He showed that such
Ca- program increases human- capital investment by lower
-income groups while decreasing that of made by higher
incane qroups. on the other hand Drazen .examined the
incentives created thrcuqh intergenerational transfers due

/

to such _a program. In his study Drazen lcexed at a model o
where individuals don't choose °their own human capital
investment rathér that of their children (i.e. the next
qeneration) Utility maximizinq division of one's bequest
between human capital investment and capital transfer
determines the level of schooling for the next generation.
Drazen showed that the presence of a social pension plan
may affect the level of human capital investment. His model
'examinq‘ only the productivity augmenting effectg of
schooling. Also’it is a partial equilibrium mode} as the

returns from cchooling dcn t depend on the 1level of

schooling chosen in the economy. , .
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One purpase of thi; chapter is to examine the effects

of a social pensiogi plan on the returns from schooling.
This“effect in turn will affect the equilibrium level of-
schooling. This implies that one ap;ropriate approagh to
study/;he problem is a general equilibrium framework where
the return from as well as the equilibrium level of
schogling are simultaneously determined. .Accordinély,
sections III and IV of this chapter incorporate a social
pension plan in the general equilibrium model developed'in
chapter 2 and 3. The structure of such a pension plan is
d;scussed in the next section; Sincé in our model earnings
of all individuals in one generation are identical, there
is no intragenerational transfer through the pension plan.

Unlike Drazen's model, in our study dach generation takes

“‘their own schooling decision and our model examines the

_effects in terms of the allocative benefits of school.

The recent debate over the proposed changes in the
social pension plan is a result of the change.in the age

structure of the labour forge due to the labour market

enfry'of,;he baby boqm generation. Thus the effects 9! the

pension plan 'when the compbjftioﬁ'ot the labour force is
.o Y

changing are also of qreat,:interent.v Thcsc effects are

analyzed in section V of this 6hq§tqr.-

In order to examine tﬁe“problem'ﬂ!jirq going to assume
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thaﬁ each individhal lives for a length of three pe:ioas,
$he first two (0 and 1) have the same significance as in
previous chapters. Now we will introduce a third period of
life (period 2) when the individual is retire& and consﬁme :
past savings and/or pension benefits. This structure is
very similar to  that considered in the seminal paper by
Samuelson (1958).
iI. THE NATURE OF THE SOCIAL PENSION PLAN

We will study a social pension ﬁlan where the
government collects a social pension tax from tﬁose who are
worx}ng and Bays a benefit to-the retired. The tax and the
benefit rate can be determined in a number of different
alternative ways. In the usual case the benefit one
receives depends on the contribution made while working. In
our model it is assumed that storage of aﬁ?cmodity (a or
B) is not possible, which implies that consumption equals.
. production within a period. Further, the interest rate is
assumed tc be at the market clearing level, that is thé
amount of savings by individuals'in.any one period is equal
to the .sotal . amount of dil-agiqqs in that period;'Upéer
these conditions, assuming there is no administrativejcost
of éhe .social pension plan, the total amount of tax

collected by the government in any period must be equal to
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the total amount of benefit paid out in that pericd. Thus
the pension plan must be financed on a "current cost" or
"pay-as-you-go" basis. - .

We will examine the relationship between the tax rate
and the benefit rate in a steady state situation with an n%
growth rate in the labour onrce. If in any period the
number of retired individuals is (A+B), then the number of
older workers will be (A+B)(1+n) and that of the younger
worke;s (X+85)(1+n)2. Denote the social pension tax rate by
t(Wwl) and the benefit rate B(o), where Wl is individual
garnings in period i and. c is the contribgtion made to
peﬁsion fund by one vhiié working. In the case where the
plan is financed on a 'pay-as-you-go' :asis the following
equality must hold ‘

T(WO)WO(B+B) (1+n) 240 (W)Wl (A+B) (1+n) = B(o) (A+B)
(5.1) t(WO)wo(1+n)2 + t(wliwl(1+n) = B{o)

Given this the government will have to either set the
tax schedule which will determine the benefit rate or can
set the benefit rate .which will help to determine the tax
‘schedule. The tax schedule can be made proportional,
proéressive or regressive. The benefit is dependent on the
amount . of contribution  but the benefit may change at

different rates with contribution.

When a social pension scheme ié introduced, fbr the
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economy as: a whole there will bDbe no, change -in the
constructio \and the shape of the grand PPC. Thus the
fea:ﬁﬁle szgﬁdy-state combinations- of schooling (P) and
relative pr <e (n) will bDbe the same with‘ or withoui the
pension Plan. This is shown by the curve ABC in Figure 5.1

(same as that in Figure 2.12).

III. INDIVIDUAL'S OPTIMIZATION IN A PERIOD CASE.

This sectien examines the individual worker's

optimization problem when the basic information model is

extended to.a three period case, and there exists a social

pension plan of the nature described in secqion II. The
first two periéds-of'i;ge are the same as before; period 0
is whe=~ an individual is a younger workér and allocates
total available time between working.and going to school.
In period 1 the individuai becomes am older worker and
spend all available;:;me working. Now we introduce a third
period of 1life (period 2) when the individual is retired
and consume pasts savings and/or pension benefits. As

before, in this case we assume that,thére is no inheritance

. or bequesivand that there exists a perfect capital market

whére individuals can borrow or lend any amount at a fixed

interest raﬁq (r)2. Also individuals determine the level of

.schooling in the;r younger period of life assuming that the
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relative price (ny), pension tax téte (v) and benefit rate
of that period will prevail over their life-t-ime. Again we
will examine the ihdividual's optimum choicg of schooling
when the steady state equilibrium is at the kinked point of
the PPC for the economy. without tﬁe pension plan the
individual's optimization problem is thg same as that in
two period case and tpe utility maximizing combinations of
P and n are shown by the curve RS in Figure 5.1 (same as
that in Figure 2.13). Next we will examine the individual's
optimization in the pgz;ence o£~a pension plan.

One representative individual's expected marginal
productivity (u) in the younger period of life (working
full time) is

| u.°—= (agtiag)
and for one older worker (in tef;g of a),

ul(pP) = d(ag+ayP+Bon+p1PN)
Of course uz(P) =‘0, since there is complete retirement in
period 2. Earnings (before pension tax) of a representative .
indivjdual, spending a fraction S(P) of &«ime at school, éan
be wrltten as, o
- WO(P) = uO(1-5(P)) = (ag+iay)(1-S(P))

b wl(p) = ul(p) = i(ao+a11;4:_ﬂoit+511?n)

As before the return from schooling islgitectly related

with;the level of n.
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Taking into account the tqges -and benefits at the
socialﬂpeﬁhion plan, described jdn the previous section, an.
indivi&ual's optimizatioﬂ' problem is to haximize his/her
life-time income given by,

W = uO(1-s(P))(1-v(W°)) + ul(P)(1-v(Wl))/(1+r) +

[uC(1-S(P))T(WO) (1+n)2 + ulv(wl)(1+n)])/(1+41r)2
The first order condition for maximization is,
SW/EP = -uos'(P)(1-3°) + ulp(i-tl)/(1+r) -
[uOS' (P)TO(1+n)2 - ulpel(1+n) /(14112 = 0
where ulg=6u1/6?>\ti is the marginal tax_rate in period 1i.

The above condition can be rewritten as,

—gl pglrlen) -
1% ¥ mﬂ

-t%+ 1O ,&F
| 1275 T

. l A
(5.2) S'(P) = [EU%TEET-]

r T 3

The optimization condition 5erived‘in the basic two
period information model ‘withcut social pension plan
(equation 2.11) can be written as, ‘

(5.3) S'(P) = [ulp/u®(1+4r)} =T
The relationship Between P and n derived frcm this equation

'is shown by ‘the curve RS in Figure 5.1.

Given S"(P)>0, comparing 2aquations (5.2) and l5.3:'one.
can see that in the oresence of a social pension plan

individual's optimally chosen schooling level will be
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higher (lower or equal) if £ is > 1 (<1 or =1).

The value of ¥ depends on the following four factors-‘
the rate of return in the capital mark® (r), the rate of
return from pénsion plan contributions (n), marginal tax
rate on ‘incqme in the two periods‘(t° and tl). since the -
current social pension tax rate is regressive (Black 1987),
in the following discussions we will concentrate on
proportional and regressive tax rate3. In order to examine
the effects of r and n, initially we will assume that the
tax rate is proportional_(t° = ¢l).

If r=n, we will have I=1 and there will be no effect
on the individual's optimization. * Contributions to the
éension fund is a form of savings and it genergfes the same
return as that in ;he capitai .market. So the only effect
will be in terms of reallocation of savings between the
pension fund and capital market. v

r<n, dill' give <1 and thé level of schooling chosen
pY individuals will be smaller in the presence of a pension

5p1an. The reason is that pension contributions in this case
earn a higher rate of ~return than is available in thg
capital market. So indiv}duals have an incentive to
contribué; more to the pension .fund and . to make the
contribution eariier in life. This-will result in a lower

-.optimal' level. of schooling. ‘Diagrammatically ;pc curvcl
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showing individual's choice of P g;ven n, will move to éhe
left, ;ay to QT in Figure 5.1. .

n, will give £>1 _and the individually chosen level
of schooling will be higher in the presence of a pension
plan. Since contributions to the pension fund grow Vat a

i slower rate, individuals will try to defer their
contribution through higher income iﬁ the second period.
This is possible if a ﬁigher‘level of schooling is chosen.
In terms ‘of Figure 5.1 the curve VW shows the P-n
relationship. . Lt

If the tax rate is regressive (t°>t1), a higher level

of schooling (increased 'second period earnihg' but a

decreased first period one), will decrease the total amount
contributed to the ﬁénsion fund.'At the same time a higher’
level of schooling will defér their contribution and this
will  further © reduce the present value of their

——_ contribution. Thus if rQn . (r>n) in&ividuelg have a .
incéqtivg "to  decrease (increase) schooling level to
increase (decrease) total.life-time discounted cqntribuéion
to ghe peﬁi;o~ fﬁnd. This will result in a even greater
;hitt Ip the éusQ showing™P and n éﬁmﬁinations chosen by
individuslsd. . :

AP vl b b k' o i A
(R . .

For a'qiven level of n, a change inn or r .will alsd

h Y

affect the level of P chosen by individuals. From equation

AW T A
e
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(5.2)‘}t can be shown that,
8E/8n < O and &8L/6r > O
Given S"(P)>0, an increase' inn or a decrease in r will

shift the locus of P-n combinations (chosen by individuals)

tS the left. -

In Canada, the pension‘contributions are collected at
a constant rate (3.6%) for certain range of income {(in 1985
this range was $2,300 (E,) to $23,400 (E;) per year). For
income below E, and above El-éhe marginal contribution rate

is zero. In terms of our model, a representative individual

-]

"faces one of the féllowing situations: Firstly, earnings in

‘the two working periods of life are in the range E, to Ep,

in which case his/her situation will be identical to that

under proportional tax rate. Secondly, income® in the

younger period ig in the range E, and E; while that in the l

older périod is higher than E;. This s}tuation will be the
samé as the regressive tax rate case. A third theoretical
possibility is that in the younger period earhinqs are
below Eo.‘.stnce in Canada, E, is extremely small(only

$2,300 per year) we can consider this as a very unlikely

case. L
IV. EQUILIBRIUM LEVEL OF r AMD P A . : . e

In terms of Fiqure 5.1, the equilibtiuﬁ without a

- B L]

©
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pension plan is dote:mined at the point B, with the level
of schooling P* and relative price n*

In Fhe presgnce> of a social pension plan (with
proportignal or regfessivé ;ax° réte), the position of the.
st?&dy state equilibriumqwill depend on. the expected rate
of growth of the pension‘fund. If if is expected to grow at
a faster rate than r, the equilibrium gili be at the
intersectioﬁ éoint of QT and ABC (point Y), corresponding
to a lower P but pighér n. Since the allocative benefit
from schooling is direckly related with nr, in this case the

- | , introduction of a sociail pension .ﬁlan will increase the -

returns from schoqling but decrease the actual level of

- .

schooling. _
- s ' On the other hana; if the penéipn' fund grows at a
slower }ate,' x pggportiongl or regressive tax will have a ‘
positive effect on Schéoling, and the 1ocus of individual's
b 'optimum combinations of P and n will move to VW. The
> ? L ) eéuilibrium point will be at X, cortesponding ®0o a higher
- ‘ 11ve1 of scﬁzzltng\npt a lower reﬁdrn from schooling.
‘ | : If the ekpected qrcwth rate of the pension fund is the )
Jx“ﬂ .. sajpe as r, there will be no change in the equilibrium as
.. s <« * nJ\icr of the two curves in Figure 5. 1 ‘will shift. This is

slgﬁlar to thg;rosdlt of Bagro (1974), but  we have shown
‘;:,,f/“ﬁiio'ehat it Hili 'hold'in~ a tase’ without bequqrg also if

3
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individuals take their own schooling decision.

V. ONE- LARGER COHORT OF WORKERS PASSING THROUGH THR

LABOUR FORCE

In this. section we will examine the effects on the

return from, and the level of schooling (in the pres;hce of

a social pension scheme) Jﬁen a 'baby boom' generation

(generation Gy) passes through tﬁe labdur force. We will
start with a steady state equilibrium and then increase the
number of young workers in one period (ﬁeriod t) while the
number of older workers and rg:ired'indibiduala are ag the
steady state leéel.:In the next period (t}l) we will assume
that the number of young workers and retired persons are at
the steady state level while‘thé'numbef of older workers is
increased compared to the stgady state level. In périod £+2
number of retired individuals is increased. '

Change in the Feasible Combinationg of P and n

When the age composition of thg labour force chanées
the existence .of a social pension ‘élan w{}l“pot make any
differenc§ in the pioduction side for the :economf as g§

_ whole. So the shift in the’ feasible steady state

combinations of P and n will be the ~same as <that aithou

" the pensJon plan derived in soction II of chapter 4.:When a

baby boom generation enters tho labour !orco as.younqcr
workers (period t) it will chift to thc riqht,,fron ABC
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(lteady-state case) tc ADE in Pigure 5. 2. In their older
period (t+l) it.shifts to the left (to AFCY. In. t+2 it will

return to the steady state level ABC (same as Fiqure 4.2).

gggggg in .the Beggfi; and Tax Structure

With a chanq§ in the age composit;oh, of the labour- -

force, in ordet to ' balance the financing of the social

. pension plan’ the government may adjust the tax rate, or
"-djunt the ‘benefit rate .Or use a combination of the two.
Durinq thouperiods t and t+1 when the baby bocm generation )

is in . the lqbpur force (in period O and 1 of their life)
the number of individuals. workinq in ° the economy will be
1ard%r than® the steady state ' level while .the number of
;ndivldnals collec:inq pension benefit will be at the
steady state level. This will lead to a hiqher benefit

:ate, a lower tax rate or a combination of both.-

~N

" IA chapter 4 we have ~seen‘ that the baby boom™

genoretgon will choose a'ﬁiqhe: than sty dy ‘state level of

'schoolinq, which 1@9110: their 'workfnq time . and earninq

. qonoration were younq. Thia 1mpiies that: gpo oocond effect

'uill be " lower tpan “the- steady state level.. Thus the tax

rlto will have to be adjulted upward while. the baby boom
gonoratiou 1¢ younq. As dilcussed in the ptovious chapter,

j"Qho return tron schooy§nq was oboorvod to’ h-ve incroased 1in

the ,eanly 1970'l when _the: mnmber- of tho baby boom

T _- -0 . 'b , . ot ) . LN [ R L oy
. - '

K . L - . N
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is smaller “than the first one and the overall effect will

‘be a decrease in the tax rate (or an ificrease in the

benefit rate). This‘means the observed return from pension

contribution (n) will be increased in period t.

The higher level of schooling chosen by the baby boom

-~

ééneration will lead to ‘a higher than the steady state’

-lqvel of earnings in their older period (t+1). ‘Also the

younger geneka&}on of this time (Gp4j) Will choose a lower
level of schopling,whicq will lead to a higper than‘steady
state level of income. fhis will requirg a further decrease
in.the tgk‘r;te (or increase in the benefit rate)‘in pe£iod
t+1. Thus the observed growth rate of the pension fund will

be higher than that in t. - “

In the next t;me'period when the bgby boom generation

is retirsa, the numbeg of individuals receiving benefit
wili be{'greater but ‘the number of workers in the labour

 force will _be at the steady state level. This wili requiré'

a ;arger‘amdunt of benefit payment, col;écted through taxes

from a steady state ,le§el of work force. So the tax rate
) .

will have to be increased to finance the pgnsion‘plan.

)

Furthar the older workers in this period (Gg,j) will .earn s

_1ess than the steady state level due to their decreased

schooling . leveL This will roquirc a further increase in
the tax :aée, which implics an _even lowor rate of . qrowth of

'-

IR
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the pension contribution.

Thus when the baby boom qeﬁeraﬁion enter the labour
force as éounq workers (period t) ﬁhe expected rate of
growth of the pension contribu;;gn will increase. In :fi)
next-period- (t+l) if willl_increase further. When t
beggme rétire& the~expec£ed pension fund growth rate wili
decrease. The magnitude of theée changes will depend on the
ﬁagnitu&é of the ;hange.in ;he.labouf force ahd the change

in the level of schooling chosen by Gy and G, .
S Change in Individual's Optimization

+

The steady state combinﬁtionq_of P a.dn (chosen by

<
..

- individuals) is shown by RS in Piq&fe 5.2. As discussed in

section III for any given level of.n, an ;nérease in the

rate of return ffom pension plan contribution will lead to
a lower level of schooling if the tax rate is teqreﬁsive or
propérti;nal. Corresponding to the changes in the observed
2 . ' (expected) growth rate of the pension contributions the
;- ' o locus of P-n cémbinations in different periods are shown in.
Figure 5.2, QT in period t, UZ in t+l and VW in period t+2.
N . Change in the Eduilibrium Level of P and nt
In terms of Figure 5.2 we caﬁ compare the effects df‘a
- change in the age structure of the labour forcé, with and
without a pension plan. In both cases the feasible

equilibrium combinations of P and nl'&re the same, ADE 4in

g s TR W

LAALS
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period t, AFC in t+l and ABC (the steady state 1locus) in
t+2. Withbut a pension plan the locus cf P-n combinations
chosen by individuals will be the same (RS)" in different
periods, while with a pension plan it will shift to qf in
period t, U2 in t+1 and W ih period t+g. Given these
movements the effe;ts of a soc{ai pension plan on the
- return from, and equilibrium level of schooling will be as
follows: |

‘ Period t: Without a pension plan we will have
equilibrium at point D. But with a pension plan it will be
at point G, corresponding to a lawai level of séhoolinq but

a higher level'of return.from schooling.

Period .t+1l: Point.F and H represents the equilibrium ‘

with and without a pension plan respectively. In this:
period a social pension plan will.inéreaseéthe return from
‘schooling but the equilibrium level of" schooling will be
desre;sed. )
' Period t+2: In this pefiod without a pension plan we
will be back at the steady-state equilibrium at B. But with
a pension plan our equilibrium will be at point J with a
igher level of s$chooling with a-lo?er return.
. The existence of a social pension plan will increase

. S, .
the rate of return from better information but the actual

level of schoolinq‘will decrease; when a larger cohort of

-
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TABLE 5.1 : EFFECTS OF A SOCIAL PENSION PLAN ON THE RETURN
FROM, AND LEVEL OF SCHOOLING **

' Return from Level of

_ Education Schooling
Pension fund Growth

rate (n) greater than
the interest rate (r)

** Changes are relative to thg steady state level.

TABLE 5.2_5 EFFECTS OF A SOCIAL PENSION PLAN WITH -

) CHANGING AGE STRUCTURE OF THE LABOUR FORCE
L. _ 4

) Return from Level of.

Period Expected n Education . Schooling

t-1 -—- ——-

t
t+l

t+2
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workers are employed in the 1labour force. Expecting a
higher growth rate of the pension contributions they will
invest more in the pension plan by reducing their schooling
level. When we have a larger c¢ohort of retired indiviguals
due to opposite reasoning the level of schooling will
decrease but it will generate a higher return.

The above results hold 1in both the extreme cages of
tax,-aﬁd the benefit schedule adju;tments. But éhese two
adjustments will have 9ppo§ite éffiéfs on the welfare of
different generations. If the behefit rate adjusts, - it will
inérease in periods t and t+l, ‘Yhile the baby boom

generation (Gi) ‘is in the labour force, but will decrease

wh;le they 4are retired  in period t+2. This will make the

retired individuals in period t and —t+l (generations Ge-1

and Gy.;) better-off but those retired in period t+2 (the

baby'boom generation) will be worse-off. On the other hand

if the tax schedule adjust, the rate will Qébrease in

_periods t and t+l°'but increase in t+2. This will make the

-

working individuals in periods t and t+1 (generations Ge-1+

-

G¢, and Ge+1) better-off but those in period t+2

(generatfons  G¢43 and Ge4p) worse-off. The generation

Gp41 Will be better-off in their younger period but worse
off in their older period. The baby boém generation will be

oy ———

better-off if th® tax schedule adjusts - but will be worse-

Vs r e
W A megm o
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off if the benefit schedule adjusts. In either case the
preceding generation will benefit from the presence of the

pension.plan. ) ] . Iy

-

Vi. SUMMARY

In this chapter we have examined the effects of a
social pension plan on the return from, and the actual
level of schooling. This effect will depend on the relative
growth rate of funds in the pension plan and }n the capital
market. If 'the contributions to ;Le pgnsion fund grow at a
slower rate then.individuals will' try to contribute less to
the pension fund and invest more in the capital market. In
the case of proportional or regressive tax rates a higher
level of schbﬁling will decrease the present vglue of the
life-time‘contribution made by an individual. Thus the
presence of a sggial pension plan will increase the level
of ihﬁestment ’in information if the tax rate s
proportional 6: regressive and the growth rate of the
pension fﬁnd is smaller than the return in the capital
market. - | .

When the members of a baby boom generation (G¢) are .
working the observed ‘growth rate of the funds :n the
pension plan .will be increséd as more worMers are

contribﬁtinq to the fund. When the members of that

/.\ .
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'generatgpn retire the observed pension fund growth rate
will be decreased as the total benefit will be distributed
among more imdividuals. If the pension tax rate is
proportional or regressive, the pension plan will decrease
the actual level of schooling .chosen by. that and the
following generation (Gt and Gg43) but will increase that
chosen by Ge¢42. If the tax séhedule adjusts with the
changing age composition of the labour‘fofce, the baby boom
generation will ube better-&%f but an.adjustment in the

benefit schedule will make them worse-off.




Notes

1 witholit any change in the tax schedule the projected

deficit in the Canada Pension Plan would have been $5.6
billion in the year 2000 _ and s1o.§ billioP in 2003.
(Source, "The Canada Pension Plan: Keeping It Financially
Healthy" ,Department of Finance, Ottawa 1985). Beqainingiin
1987 the Canada Pension Plan tax rate is increased by T2& -

each year until 1991.

2In this three period case it is possible to have a

domesfic capital market with borrowing and lending between
) generations (samuelson 1958). @s discussed in chapter 2,
. government may also prov}de this service by issuing bond
with real 1nteres£ rate r. a;th changes in age structure of.
" the pqg&i:fifn such capital ma;kets would exhibit complex
changes in interest rate_over time. However in this chapter
in.o}der to avdid the coplexity of modeling the effects™of
interest rate changes, in addition to demegraphic changes,
it’is assumed that an external capital market exists. .

159
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3 Thfoughout this thesis the progressi@ity x

regressivity of the pension tax schedule refers to the rate-

at the margin. -

L)

- 4 Appendix 7 examinex//::; case under progressive tax

.schedule.
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CHAPTER 6

SUMMARY AND CONCLUSIONS

s - - -

In this thesis we have examined a job matching model

~

of human capital investment in -a general equilibrium
framework. Spécificaliy we have addressed the following two
questions: .

(a) In the context of a job matching model, what

L ] .
.determines the real return from human capital invéstments?

(b) How is this return affected by a change in the age
structure of the labour force and by the introduction of a'
social peqsion plan? '

'In order to examine these questions a simple general
equilibrium model of imperfect perséh Qpecific'informa;ion
in the 'labour market - is developed. Ir has been shown tﬁat
the real return from better firm-worker matching is
détprmined by 'the demand structure. The more is the demand

‘structure biased towards thé& output préduccd by the older

worker intensive industry, thq larger wall be the gain from
”

162A"
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sﬁebialization tkrough person specific information. It is
aléb shown that the individually chosen inves;ﬁegt in
informa;ion will Dbe in -general smaller thanvthe 'éolden
rulé' stea&y state level. For the economy as a whole higher
level of productivity gains frqp schooling will lead to a
lower allocative gain. The intuition is as follows. Higher
productivity gain impliés' that' -with’ more schooling,
production in the. older worker intenéive " industry wiil.
increase at a faster rate than %hat in the younger worker
inpensive industry. This will ' lead to- a relative pricg
movement against the older worker intensive industry which

-~

in turn means a smaller allocative gain.

This theéis shows that any éhange in the ége structure
of the, labour force leads to a ghénge in .the return from
investment in information through phangés in the relative
output price. wWhen the number of younger workers increases,
through changes in.‘tﬁe "demarld conditions the jbb-@orker
matching gains from ;bhooling increase, and the level of
schpolinq_and earnings inegquality is also increased. An
increase in the number of older. workers ﬁas opposite
effects, A8 a baby boom dgeneration passes - tﬂrough the
labour force, due to changesﬁ in the. returns from the
information auqmeﬁt;ng component of edﬁcatioh,.they will

L]
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experience - slower earning growth ~ than - the previous

generation. fhe effects of an increased female labour force

participation.are' identical to the cohort _size effect when

. & .. )
the baby boom generaticn is in its younger period. More

immigration of skilled odder workers will decrease the

-

equilibrium return from, and the level of schooling.

-

AY

It is also found that the return from education
through betcer matching may be affected by a social pension
plan. This effect déQends' on)thg expected growth rgtg in
the pension fund coﬁtributions relaéive to the return from
investment? 1n the capital market. In case of proportional
and regressive tax rates, if the pension fund grows at a’

: » .
faster (slower) rate, the existence of such a plan will:

increase (detrease) the-return from stholing but decrease
‘(incre ¢) the actual level of schooling. In view of ‘the
largel réﬁressive cohgribution structure of'social pension
.plans in Canada and the U.S., and current views about rates |
éjof return on private 1investment, the 'leading casé' seems
to be that where a social pension plaﬁ"increasés schooling

and decreases the net return from schooling. . P

i

When a :ﬁiby boom generatiqn (Gt) ' passes through the

. ?

labour force, the presence of 3 'social pension plan (with g

. proportional .or regressive tax rate) will ipcrease the
.\ R b . . ) - . g
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teturn frcm schocling in that and the following penod But |
the ectuel leve].{ of 'schooling chosen by that and the .
feilwinq qenereticn (G and Gt+1) will be Smaller than the
cld‘ateedy ~lt§te tevel. The efﬁfects in period t+z e_nd on
» - Gt+2 will be the opposite.' If the tax schedule adfusts with
' ‘ _“ the chenginq age composition of the labour” ‘farce, the ‘
-0+ benefit schedule.remaining fixed; the.baby boctn generation .
s wilI be better-gff. However ari adjuatment .in the benefit

. . - v v

T, schedule, the tax schedule remaining unchanged will ‘meke
them worke-off. L. S -

) As discussed above, the model developed i‘n this tl;esis
- .hes a number of predictions* a.bout the Yabour merke’t éffects
-, of different changes in the .economy. Thus it isQJ.nterest»ing
"°. SN ' to esk whet:her our nodel niight help to ‘explain scm of the
R * changes obcerved in the Canadian and the u.s. “economies in
. - ' _ z-eceut yeers. e.pd eleo whats <future chenges may be predicted
":" - (, by t:he nodel The dbserved chenqes are as follows: eemingS'

. - . e ct the zounq workets heve declined compared- to the older

Ne - ¢

. A,-. ' - woi‘kers, end the ycunqe: workers are choosing e hiqher
S S T t ‘ level cf schooling ccluper e previous generations.
“;"'"' ' :be findinqe oh the eetninq-' growth _ rate are not
"'}'_ 'l" - ,‘ concluive. ‘ ‘ . - '

: ) . . " ?’ ;

ST e I@ tem of the qenenl equilibriun ‘model developed in

. Q\' - i* Y

Yoo Wd‘theei', th&u could be the ef.fects of the labour - .
;’.‘: .V‘ ’ ,,.‘.:f : . . ‘ .

g -’ .y e L I ’ .\
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market entry of a larger groué of younger workers. Thus one
could argue that the - recent changes in the labour market

N .
are’'the effect of labour market entry of the post World war
II baby boom generation as young workers. At the same time

our model also predicts that the effects of an increased

‘female labour force participation or the introducticn of a

social ﬁension plan (in the leedipc case) are the same. So
the changes observed in the recent years may have been
caused by the labour market entry of the baby boom

generation,:or increased female labour force participation,

* or social peasion plans, or by some combination of all

three factors. Rowever the future changes will be different
dependinq on the cause of the past changes. If the baby
boom'effects were stronger then in the future we should
observe decreased relative earnings of the odder workers_

and a lower’level of schooling. Omn the othem hand if the

female participation and/or socidl pension plan were nainly‘

" responsible and they have satabilizeq, then the pre-ent‘

hituaticn represents a new. ‘steady state equilibrium and
there will be'no furthffzchanges in the future.

' Our_modei ailo'thaws‘ that tha earnings of ditferent‘
cohorts of workers ares affected by the level and

composition . of the imnigrant 3 population. COhtinued

' immigration of skilled workers in the future will lead to a




% : ,
v -
' ‘ 167
8

lower return from 'schoo'.ling and the native born individuals

’ will choose a lower level of schooling, than if there were

L4

no immigration.
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'APPENDIX 1 : CRS Production .Function

In this thesis it is assumed that the production.

functions are Leontief type fixed coefficient one. If we
have a constant returns to scale production function, and

certain conditions are satisfied, our analysis and the

results will be quelitetively the same. The requirsnent is

that the production function should be such that the test
intensity corresponding to the straight line segment of the

grand PPC (PG) does not _allow us to operate on the contract

curv® in the facto™ 'box.

. e '
. One situation where the above’condition is satisfied

is shown in Figure A.l. For the younger workers there will

1]

‘be no change in the construction and shepe of the .group

s

PPC, since rfor 'cns production functions the PPC

corresponding to the diagonal will be a straight line. For

differant levels of .P the efficient production points for-

the older. workers are showh by the straight line segments
OGA, AOB for P1 and 0°B 303 for PO, As the production
point  moves from 0° to A or B, 'b' leheled workers are

reallocated. from indostry'a to B end given CRS production

function ‘thd' marginal rate of transformation willi be

cqnstant and we will have a straight line segment of the
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PPC. Similarly for the; points on the straight line A0P or
BOP of the factor box there will be another straight line
segment of the PPC. Any level of P higher than PC is
inefficient and as such we can . ignore those possibllities:
Thus ﬁor the relevant range of sc@oolinq level (between i.
and PG) our analysis on the production possibilities with a
CRS production ‘functibn is the same as that in case of a

fixed coeffiéi‘ent production function.

o - ‘ . _)
Q - - . T

e
!':I.qure' A.l : Feasible Production Pomts and CIS

Pro:?tt.lon !unction
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APPI!D;; 2 : Imperfeot Firm-worker Matching

In the model developed in this thesis it is assumed

that the production technology and the abiligjes of the

individual workers are such that 'A' type workers are
perfectl§ matched with industry a and 'B' with B, that is,
(tA;/t®5)=(aj/a;) and (tﬁl/:Bz) =(by/by) '

These are ‘shown in Figure A.2 by the ray 0%A *and 0Ba

respectively.
If this assumption’ of perfect matching is relaxed

there- will.be no qualitative change in any of the results

derived in this thesis. One possibility 1s the following,
' (tA;/tA;) '<(a1/ay) and (£B1/tB,) ' <(by/by)
This implies that given the natural abilities of the

. individuals the production technology is such that some
" tasks are Always wasted. . In this case ‘all our analysis will
be the same, that is the older workers PPC_ will shift

outward with higher . level of P- and it will have two
straight line segments. The. only difference will be that in

thde case even with perfect informatlon we ehnnot produce

. v

on the contract curvo. .

On the other hahd,ilt we have . .
(tAI/tAz)">(a.1/lz) and (tal/taz)'.'>(bl/b2)
This implies that, "a' labeled ers can be perfectly
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- matched with a and 'b' with B, with a level of P less than

- .

1 (say P;). Thus as P increases from § to Pj the older
workers PPC will move ypward and all our analysis will be
the samé‘ as in the perfect matching case. As P increase
further (higher than P;) there will be no upward shift in
) the older workers PPC. Hence there will be no benefit from
schooling and that possxSility can be ignored. )

Thus the' construttion and the shape of the PPC's does.-
not depend on the assumption "of perfect firm worker

o | (e5/e8) = (aa,)
- [ lc.‘/e')'
: coe (G1J)
- - é; 0

.matching

CEPMeL) = iA) )
e21e) -, . . T
(M)

FPigure A2 : Factor Qox.and Imperfect ri:lrwbrknr Matching

v - }




Agg!!g;g_; : Uncertain Seéénd Period Earnings-
When the “assumption that the individuals' second
period . earnings are asured at its expected level is
rélaxed,'there will be uncertainty regarding second perib&
income. This will not make any differegce in the apalysis
of the production side of the economy bué the inélbiduéls
optimization problem will be different. In this model the
- level of .uncertainty is positively related witﬁ the 1;§§1
of schoolinq.'Ag‘shown in Levhari and weiss (1974), ;f we

assume decr;asing abholute.tisk aversion this will result

in a lower level of schooling. In terms of our model this

will shift the locus of the P and nt c;mbinations (chosén.by
individuals) to the left, from CD to'EF in Figure A.i. The
equ}librium point will move ffoq point G to pointvﬂf‘and

the equilibrium leve{;dflu will increase but that of P will
décreh{é. Thus wée will have f‘higher return/;zgm schooling’

‘and a- lower level of uncertainty.

v . . -

L)
b . A‘
- - F D
1) A M
- "' '/ ‘
€ A
. e *
. N .
. . . 1. ’ '

) . ’ ;. .
. ° ~ ‘#7%ﬁf' —>P

Figure A.3 : Bquilibrium with Uncertain
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APPENDIX 4 : Equilibrium P-n Combinations - PR

L]

In this appepdix we are ‘qoing. to examine the
r;latioﬂ§hip- between P and n when the goldeh' rule
prodgction plan is at the kinked po{nt and the steady state
piice‘TSIOpe of CIC at A") is equal to the slope of tﬁe
convex part of the grand PPC. In Fiqﬁre A.d_;t is shown at
the kinked poin; A" with the level 3? sChoolqu at p"=pG,
and equilibrium relative price (n*) is given by the slope
;f'CIC at point A". For different leve&s of P the bPCQ are
"shown by aABé for P=}, a'A'B'B' for P, a"A"B"b" for P".
With higher' levei of P thé kinked point prodﬁction plan
will moveé' along AA'A"C... and we will'ﬂzve

©* m = (ag+ap(1-P))/(Bo+B1P)

' 6n/gp= '(%B1+°1Bo+°1b1)/(ﬂo+ﬂ1i;)2' <0
azn/srz=(aoal+ala;,+a151)al/.(ao+élr)3 >0
~ ADC curve in Figure A.5 shows this relationship.

Aqgther possibility{ig that as P increase;_from“.j up
to a "certaln level tie pfoduction point stays on the
1str§ight line Seémedt and then move along the kinked points
(path BA'A"C). gprrégponding to thig the. relationship

between P and n is shown by AGC.
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"

o » | FI p.p‘ t;/s
Figure A.4 : Production Point for Different Steady'State P
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APPENDIX 5 : Comparative Static Results

Indlvidual s utility maximizing P (deriyed in chapter

2.VI) is given by, -

, g (@ +nBq ). _ 4
S0 - melAEHE <0

L 4

,®( P, n, By, ag, @3, ) =0

We can derive the followzgg partlal derivative of this
1mplicit function,

. ‘%% = $n(p) > 0 .

.“ .
8¢ ._ .1 1B . - &
5n {1+r1[(a6+}&lfl <0 '

56 . e in
BBy [i+r”(ao+1iﬁ <0

5% 1 %(a] Q]!- ) -
ga—o = [1+r][ + "'1) ] >0 ‘

o - \ .
o - AR O it zepmy

56 1 (a+nfy), .- L
5 - ltreere! ["TE‘OTI%T] >

Using implicit'funcgion theprem we can determine the

following signs,
N -

-

I PR -

¥ = - g )/ig) >0
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>"APPENDIX 6: THE AGE AND SEX COMPQSITION OF THE LABOUR FORCGE

-
.

1. The Baby Boom Effect . e -

Table A-1 shows percentage of tne labour for§;‘in the
age group 25 to 34, sincg 1971 for ganadal ‘This pércentaqe .
was dramatica}iy increaggd in the 1970's ;hg ;ariy 1980's.
In the recent years it is moné or less steady - at around
29%.’This change is a resut of the lab;ur;markeé‘ennry of .

the post world war II baby boom generation. Beginning in

the 1970 as the members of this generation start to reach"

¢ . @

TABLE A-1 : PERCENTAGE OF THE LABOUR F@RCE IN
THE AGE GROUP 25 TO 34, CANADA 1971-1987

3
1971 . 22.0% ‘. 1980 27.5% o Do
1972 . 23.3 1981 281 -
: s ~ »
1973 - 23.7 - : 1982 28.2° .
1974. - 24.2 .~ . 7 1983 " 28.6 7
-~ )/‘ B E ] '
1975 25.0 | . 1984 28,5 .
. ) ““. - h ) b '
1976 = 26.4 . 1985 29.0
1977 ' . 2616 1986 29.2 ¢,
, ., , ke T
1978 . 27.4 . .¢" 1987 29.2 - s
L} .
, S I
1979 . 27.3 . : . R
Source : Statistics: Cln&dl, The Labour FGrCQ (71- 0@1)
Various issues. . : -
- , > . N\ & n LY L3 - - s
v g 8
S ,
o . ‘ . ‘- E .t
8 . , © /‘\‘ ‘ " -
Py - 3
' ' J‘ ®
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age 25 the composition of the labour force started.to

b

" change tbwards more younger workers. Beginning in the
middle of 1980's the rate of increase diminished as the
baby boom generation starts to leave this particular ége
group. As the members of the séby booﬁ generation get
older, the expected future change in the'compositiQn of the
1ab§ur force will be a movement towards a higher percentage
of workers in the older age groups.

.

II. Immigration

The age structure:bf the immigrant and non immigrant
poﬁulation is shown in Table A<2. For Canada the proportion -
of noh-immigrant population in the age group 25 to 44 (28%)
was 58%. Highe; than that of the age group 45 to 64
(17.75%). - The 'corre;ponding figure .for the immigrant
poépulation’is only 28%. From these observations it can'be
argued that the average level .of wqu exberieﬁce of the
immigrant population is 1i§é1y\much higher than that of the
non-immigrant population. In terms of oyr model investment
in information takes the form-of on-the-job traiﬁing and it
will be directly related with ghe level of experience.?hu:
we can say that in case of the Canada immigration resulted.

in a change in the composition of the labéur force towards

more experienced (older) workers.
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-~ - - TABLE A-2: AGE COMPOSITION OF THE IMMIGRANT AND
CANADA and U.S..

Age Group . IMM. NON-IMM. IMM, U'géu-luﬁ.
0 - 24 17.9% 46.5% 46.0%  41.6%
’ - 25 - 44 36.8 28.0 38.0 28.5
. 45 - 64 ~ 28.8 17.8 12.0 19.3

€5+ '17.3 7.8 3.0 11.3

- . . 1981 statistical Yearbook of the Immigradtion and
/ \;\Naturalization Service, U.S. Department of Justice.

For the U.S. the proportion of youngei workers among
the immigrant population is much higher than {from that
among the non-immiq:ant population. As such ihmigration in.
their case changed the age compositiOn of the labour force

towards more géunqer workers.’

¢ . _— —

.

- ; III. Femalé Labour Force Participation
Table A-3 shows the percentage of -female workers in

. the total lagour force in -Canada. Since 1956 there was a
dramatic'incréase' in female labour.fdrce participation in
.Canada which resulted in a larger percentage of female
workers in ‘the labour force. In tothl of our model we can

approximate female workers as ,';ounq workers'. Thus this
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change will have similar effects as that . of a change

towards more young workers irn the labour forcé.

TABLE A-3 : PERCENTAGE OF i"EMALE WORKERS IN THE LABOUR
FORCE .

b -~ R T T T

1946 22.4% 1971 32.8%
1951 22.0 1976 ©37.6
1956 23.3 1981 40.8
1961 26.7 ' 1986 - 1 42.9
1966 30.0

Source : 1946-1975, Historical Statistics of Canada,(2nd

Ed.) Edited by Leacy F.H., Statistics
Canada, Series D138, D149.. )

1976-1986 Historical Labour Force Statistics,
1976, Statistics Canacda (71-201),
Series D767870, -D768001.

~
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APPENDIX 7: Social Pension Plan With a Proqressive‘Tax‘Rate )

* - .. .
» ,_.)‘_»

The equilibrium level of schooling chosen by indtViduals_

r -

'is determined by, _ ! . -
- o s 1 1 1 ‘ S
—~ . 1_ . [l—t +3 ( ) ;
S'{P) = -‘éﬁ-——,——] . o
e M Ll t°+ r°’I+ngi‘ ; ' ,
i"’ ! .8’ . ‘ Lo-
T will be greater than 1 ,i"f, . T v |
. 1-\ 1 +‘t1 lm\ > ’ 1- At°+te’}__%ﬂ$ -
, . T (I+r/ . Vo l+r
(A.1) , 355 11/r° € 1 + (1+n)/k;+r);‘; : ’
L S . ¥
Under. progressive tax rate we wiIl have t°<r1 i.e.

- t9/x1ls0. If the tax schedule, n and r aﬁ! such thag'
condition 1A 1) is satisfted then even with a prooressive ~
tax rate our resu&ts will be the same as those w;th
proportional and- reoressive retes._dtherwise the effects
will be the opposlte. . o 55,_.. .

N R . 0 . s . , -8
- S e
‘ X L .8 . - - - ‘: ';
L = 's
- ’ - ° ": e, - % - < )
Ce s ] e 4 ; [ 4
: . bR ) . '.’.,.',-4
. . » A" e B ; * . ]
- , ) . B "._;/" $'
- 3 - ." N - e
Lt i - " -
‘ . . i ;“::
L . . - o
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