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Foreword

Some fish find the ocean in no time.

Not this one. This little fish played happily on its own in a safe and familiar
pond until one day when it was told by a capricious perch that there are bigger
waters, beyond. The once so familiar pond started closing in on the little fish.
Where were those big waters? What was the water like? Were there other fish
there? The temptation of finding those bigger waters got the little fish daring. It
wanted to leave its safe haven.

Being such a safe place, the pond had no outlet so the only way to get out
was to swim up one of tIle few streams that fed it, against the current which
fortunately was not all that strong. The perch showed the way and the little fish
swam and swam until it felt itself carried away by a strong current into a much
larger and more vivid stream. The little fish was out of control and the capricious
perch was nowhere to be found. There was so much bubbling and foaming water
everywhere, big incomprehensible fish swinuning by at tremendous speed. The
little fish wanted to play in all that foam, but it just could not keep up with the
current. It got lucky. A salmon swam up to the little fish and started teaching it
how to swim straight through the current and even play with it. Yes! The little
fish swam off with the big stream, in control. At least for a while. Then the little
fish got lost. What was up? What was down? The current grew stronger but this
time there was no help around. The little fish fought its way towards the bank of
the stream that was by now more of a river.

There, in the shallow waters along the riverbank, big pikes, tired of small lost
fish, looked at the little fish with scrutiny. "Why don't you give it up?" they said.
"Why bother finding those big waters? There are nice quiet lakes not far from
here that suit little fish like you much better." "But, the little fish staggered, I'll
find some kind big fish to help me". "How can you be so sure that anyolle will
have time for you, little fish", they sighed and continued: "If it has taken you so
long to get here, can you be sure to ever make it?" The little fish said nothing,
but felt itself bursting with obstinacy.

The little fish swam off, desperately looking for some big fish seeming to know
the way to the big waters. Seeing its desperation, some friendly fish clapped
their fins in encouragement at the little fish. Strengthened it searched on, and
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there! The little fish swam up to a knowing-how-to-find-big-water-Iooking trout
and demanded help. No, was not to be taken for an answer! The little fish was
not let down. The trout agreed to guide the little fish to the big waters!

The little fish was happy again! Checking every now and then that the trout
was still around, it swam along, asking the trout for guidance when currents pulled
in different directions. It played in the foam, explored one or two little streams on
its own and was sent off by the trout to explore some others, only to be called back
to the main stream when it was being carried off too far in the wrong direction.
They swam for some time, the little fish and the trout, the river getting wider and
wider. The little fish felt the water getting warmer. Did that mean the big water
was getting closer? The trout said to keep swimming. But it was indeed getting
warmer! The little fish tried to swim faster and faster and...Was that it? Could
it really be? The seemingly endless river got frightfully turbulent. Splashing and
bubbling the river threw the little fish into the ocean.
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Summary

This dissertation consists of three essays, taking different perspectives on hu
man capital. The first essay looks at human capital from a growth perspective.
Essays two and three focus on the individual's occupational decision and its rela
tion to family background.

The first essay attempts to capture the effects on long run economic growth
and transitional dynamics of the interaction between human capital and R&D.
We do this by allowing for endogenous human capital accumulation in an economy
where the number of products and technologies expands because profit maximizing
entrepreneurs do R&D. We find that, in the absence of scale effects, long run
growth is determined by the economy's capacity to accumulate human capital.
A relative lack of R&D capital causes the economy to grow slowly during its
transition to the steady state, while a relative abundance of R&D capital gives
high growth rates during transition.

In the second essay, the classical Roy-model of selection on the labor market
is extended in order to analyze intergenerational mobility. This is done through
the introduction of ability uncertainty that is linked to family background. In
contrast to traditional human capital nl0dels of intergenerational mobility, this
mechanism rather than differences in access to capital markets links occupational
outcomes of offspring to parents. We study the effects of income redistribution on
mobility and talent allocation. It is found that redistribution has implications for
intergenerational mobility and talent allocation through its influence on individ
ual occupational choices. However, we conclude that the presence of a trade-off
between redistribution and intergenerational mobility depends on the extent of
similarity of occupations with regard to ability sensitivity and wage rates, and on
the degree of individual risk aversion. Whether redistribution occurs only within
an occupation or simultaneously within and across occupations is also important
for the implications for mobility and talent allocation.

In essay three, a model of occupational choice and human capital investment
is developed and tested. The model allows family background to influence oc
cupational choice through access to economic resources, differences in costs of
schooling, and ability uncertainty linked to background similar to that discussed
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in essay two. It is predicted that life time utility of children from less well-off back
ground is more sensitive to economic incentives when risk aversion is strong. The
model also predicts that people are more sensitive to economic incentives when
considering occupations distant from their parents occupations. The implications
of the theoretical model are tested and largely confirmed on Swedish data using
a mixed nlultinominal logit framework which explicitly accounts for unobserved
ability heterogeneity.
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Essay 1

Human Capital, R&D, and Economic Growth

1. Introduction

People go to school and firms do research and development (R&D). Insufficient
investment in either of these activities is brought forth as an explanation for
slow growth in both rich and poor countries. The purpose of this paper is to
analyze how human capital accumulation and the development of new products
and technology through investments in R&D interact in the determination of
economic growth by providing incentives for each other. The basic idea is that
the incentive to accumulate human capital is affected by the introduction of new
products and technologies. The accumulation of human capital also affects the
rate of return to investments in R&D. As we will show, the effects go via the
relative returns to investments in human capital and R&D. This interaction has
largely been left out in previous work which has focused either on human capital
accumulation or on R&D as engines of endogenous growth, e.g. Lucas (1988),
Romer (1990), Grossman and Helpman (1991), Segerstrom (1991) and Aghion
and Howitt (1992). By merging these two theoretical frameworks, our ambition
is to construct a model of economic growth based on human capital accumulation

°The paper has benefitted greatly from suggestions and comments by Magnus Blomstr5m,
Sara Johansson, Karl Jungenfelt, Tomas Lindh, Lars Ljungqvist, Casey Mulligan, Xavier Sala
i-Martin, Tove Strauss and Fabrizio Zilibotti. All remaining errors and obscurities are mine.



and R&D which should ideally manage to produce predictions in line with the
findings of the empirical growth literature.

Empirical studies of economic growth have introduced a variety of explana
tory variables to account for cross-country variation in growth performance, e.g.
enrolnlent rates, human capital stock proxies, labor force participation rates, fer
tility, private and public investment rates, foreign direct investment, equipment
investment, revolutions and coups, inflation, black market exchange rate premium,
market size, and number of people employed in R&D activities (see e.g. Barro
1991, DeLong and Summers 1991, Backus, Kehoe and Kehoe 1992, Levine and
Renelt 1992, Mankiw, Romer, and Weil1992, and Blomstrom, Lipsey and Zejan
1994). The results from these studies can be summarized in three key areas of
importance for growth, namely, human capital, investments, and variables related
to the business environment. In particular, empirical studies have found that a
country tends to grow rapidly if it is poor relative to its human capital endow
ment. Most studies also find savings and investment rates (whether in physical
or in human capital) to be positively correlated with growth. Furthermore, there
is evidence that the increased participation in the labor force is associated with
growth. Measures trying to capture the freedom to engage in and enjoy the fruits
of economic activity are also found to be positively correlated with growth. 1 How
ever, despite ample efforts to verify the existence of scale effects, there seems to be
little empirical evidence of a positive effect on growth of either country size, size
of the R&D sector or of other types of scale effects predicted by most R&D-based
endogenous growth models.

In developing a model which recognizes that humarl capital accumulation and
investment in R&D take place at the same time, we are inspired by the versions of
the model of technological progress with expanding varieties and the Uzawa-Lucas
human capital model developed in Barro and Sala-i-Martin (1995). The implica
tions for growth are similar to those found when technological progress and human
capital are analyzed separately, but by assuming that there are decreasing returns
to human capital both in final output production and in schooling, the interac
tion between human capital and R&D generates some interesting implications for
the transitional dynamics. Furthermore, elimination of scale effects, in order to
comply with the empirical evidence, has implications for the determinants of long

1 Mankiw, Romer, and Weil (1992) find that as much as half of the cross-country variation
in the growth rate of gross domestic product per worker can be accounted for by differences in
human capital investment (enrolment in secondary school/per working population), investments
in physical capital (investment/GDP), population growth, and differences in initial income.
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run economic growth.
Growth models with R&D based technological progress in which the stock

of human capital is fixed and exogenously determined, rely on scale effects to
generate endogenous growth. In such models, the steady state growth rate, which
is driven by the advances in technology, is higher the larger the scale of the
economy, i.e. the larger the stock of hunlan capital or the more resources spent
on R&D.2 A recent exception is Young (1998) where long run growth is driven
by improvements in product quality and is independent of scale. In our model,
which also does not exhibit scale effects, we find that the economy's long run
growth rate of output is the same as the rate of introduction of new products and
technologies. However, the growth rate of the economy is ultimately determined
by the capacity to accumulate human capital, since the accumulation of human
capital drives the incentives for investing in R&D.

In the Uzawa-Lucas model, output is produced from human and physical cap
ital. Interaction between the two forms of capital accumulation results in an
imbalance effect between human capital and physical capital. This irrlbalance ef
fect implies that consumption and broad output grow faster, the higher the ratio
of human capital to physical capital in relation to some steady state ratio.3 In
this paper, we replace accumulation of physical capital by investments in a profit
maximizing R&D-sector which result in what we will call R&D capital. Accumu
lation of R&D capital in this model has much in commOll with accumulation of
physical capital in that both require that individuals forgo consumption of final
output.

The interaction between human capital and R&D capital in our model gen
erates an analogous imbalance effect for consumption growth, but an imbalance
effect in the opposite direction for output growth compared to the Uzawa-Lucas
model. We find that the growth rate of consumption is higher the higher the ratio
of human capital to R&D capital relative to some steady state ratio. However,
we find that the growth rate of output is lower the higher the ratio of human
capital to the stock of R&D capital in excess of the steady state ratio. A relative
lack of R&D capital implies poor growth because accumulation of hurrlan capital
is slow when human capital is relatively abundant. Abundance of R&D capital,

2See Jones (1995) for a discussion of scale effects in R&D-models.
3Broad output is measured as the output of the final output sector plus the value (in terms of

final output) of accumulated human capital, see Barro and Sala-i-Martin (1995). In the Uzawa
Lucas model, the imbalance effect on final output growth implies that output grows faster when
the ratio of human capital to physical capital is not in the steady state.
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on the other hand, leads to rapid growth since it implies high rates of return to
human capital and thereby provides a strong incentive for rapid human capital
accumulation.

The paper is organized as follows. Section 2 develops the model. The steady
state is characterized in Section 3 and the dynamics of the model are described
in Section 4. Section 5 discusses sensitivity of the qualitative results to changes
in parameter values. Section 6 concludes.

2. The Model

There are individuals, firms and entrepreneurs. Individuals derive utility from
consumption of a final good, and spend their time working in the firms or ac
cumulating human capital. When they work, individuals earn a wage which is
spent either on consumption or lent to entrepreneurs in return for interest. Firms
produce final output with human capital and intermediate inputs. These interme
diates can be technologies, machines, processes, a marketing model or any other
type of input or idea of how production can be more efficient. In the introduc
tion we spoke of R&D capital. We can think of this R&D capital as the stock
of blueprints for how to produce the intermediates. The wider the variety of in
termediates the firm has access to the better, although more intermediates will
increase the demand for human capital, since a worker cannot work with an ever
increasing number of intermediates without facing a reduction in the marginal
product of new intermediates. Firms rent human capital from the households and
buy intermediates from the entrepreneurs.

The entrepreneurs do research to come up with ideas that they develop into
blueprints for new intermediates. This research and development activity con
sumes final output which the entrepreneur obtains by selling shares in his future
profits to the households. As opposed to the modelling of R&D in e.g. Romer
(1990), labor or human capital is not used in the R&D process. Furthermore, the
R&D process is deterministic in the sense that the entrepreneur is sure to come up
with a blueprint for a new intermediate if he uses the right amount of final output
on experimentation to make a prototype. Once the entrepreneur has developed a
new type of intermediate, he can convert final output into intermediates at zero
cost, that is he can buy one unit of final output at cost one, turn it costlessly i11to
an intermediate and then sell it back to the firm. The entrepreneur has monopoly
power over the sale of his intermediate and can thus charge a price above marginal
cost. This allows him to cover the R&D costs and pay dividends to the sharehold-
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ers of his enterprise. In a setting where the entrepreneurs spend the R&D cost
in order to come up with blueprints for new products which in principle could
be produced without set up costs by anyone with access to the blueprint, the
monopoly power of the entrepreneur needs to be legally protected through patent
or otherwise. However, the entrepreneur's R&D cost could also be interpreted in
terms of set up costs which are incurred for anyone interested in producing a type
of intermediate. In this case, the monopoly power need not be protected, since
the fixed costs assure that no entrepreneur will take up production of an already
existing intermediate as that would give a certain loss.

2.1. The firm

The production of final output, yt, takes place in a representative competitive
firm, with the following production function:

(2.1)

A is the general level of technology which can be thought of as being a function of
institutional factors like government behavior, the maintenance of law and order,
property rights etc. Production uses a continuum of different types of interme
diates. Nt is the number of intermediates that have been introduced at time t,
i.e. the stock of R&D capital. X j is the quantity of the j :th type of intermediate.
The intermediates can as mentioned previously be different machines, marketing
technologies, organizational forms etc. That is, anything which adds to the pro
duction capacity of the firm. For each type of intermediate, the firm requires
an amount of human capital, ht .4 The total stock of human capital employed in
final output production is aggregated over all L individuals employed in the firm.
These workers split their time between working and going to school. The total
human capital, Ht , employed in the firm is thus:

L

H t = htNt = L (1 - Uit) mit,

i=l

(2.2)

4This specification of a production process which benefits from the variety of intermediate
inputs builds on Ethier (1982), Romer (1987, 1990), Barro and Sala-i-Martin (1995) and oth
ers. Ethier's production function was, in turn, an application of the formulation of consumer
preferences over a variety of goods developed in Spence (1976) and Dixit and Stiglitz (1977 ) .
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where Uit is share of time individual i spends in school and mit is his human
capital.

The production function formulated in equation 2.1, differs from the produc
tion functions with expanding varieties which have been employed in previous
growth models with technological progress, (e.g. Romer, 1987, 1990, Barro and
Sala-i-Martin, 1995). The difference stems from the idea that it is the amount of
human capital per type of intermediate, ht , that matters in production. We think
of the intermediates as processes or ingredients that need to be added in different
processes and that each of these processes requires human capital. Adding new
ingredients and/or processes, still benefits production since it provides an alter
native to increasing the quantity of each intermediate to which there is decreasing
returns. 5

The firm's demand for intermediates and human capital is determined by profit
maximization with respect to quantities of X jt and H t at each point in time, when
the wage, Wt, and prices, Pjt, are taken as given, keeping in mind that ht = %;:

l
Nt

max ITt = Y - WtHt - [pjtXjt] dj.
Xjt,Ht 0

Profit maximization implies the following demand function for X jt :

X - (A/ )1/(1-0) Ht \-I.
jt - a Pjt Nt ' v J .

(2.3)

(2.4)

Profit maximization also requires that the marginal product of human capital
equal the wage:

(1 - a)AH;C<Nl-a l Nt

[Xfi] dj = Wt. (2.5)

Equation of marginal products to the price of inputs assures zero profits for the
final output producing firms since there are constant returns to scale.

5As we shall see, there are overall decreasing returns to the number of intermediates, N,
just as to the quantity, X, of each intermediate. In equilibrium, production depends on the
total number of intermediates, N X, employed in the firm. N X is then analogous to the capital
stock in the Uzawa-Lucas model. If we assume that the quantity employed is the same across
intermediates, we can write the production function in reduced form as Yi = AHi-a.NtXf.
This will hold in equilibrium when all different types of intermediates enter symmetrically into
the production function, provided that it is assumed that the R&D technology and the R&D
cost are the same for all entrepreneurs. This shows that output of the firm depends on the total
quantity of intermediates used, N X, rather than on the particular types employed.
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(2.6)

2.2. The entrepreneur

The incentive to do R&D, comes from the monopoly rents the entrepreneur can
extract due to the monopoly power he enjoys in the sale of his intermediates.
The marginal cost of supplying intermediates to firms is one unit of final output.
That is to say, once the entrepreneur has spent 1] units of final output on R&D to
acquire the knowledge of how to make the new intermediate out of final output,
he can turn final output into intermediates at zero cost. The entrepreneur covers
the R&D cost by selling shares in his future profit to consumers. The net present
value of doing R&D at time tis:

Vjt = -11 +100

[XjV (Pjv - 1) e- ft"r(S)ds] dv.

The net present value function, 2.6, shows that the fixed cost, 1], involved in in
troducing a new intermediate only can be covered if the sales price, Pj, exceeds
the marginal cost of production, one, for at least part of the time after the date of
introduction t. The entrepreneur discounts his future profits by the interest rate
r, which is the rate of return consumers demand on their investments. The en
trepreneur prices the X jt optimally, subject to the demand function 2.4 of the final
goods producers. Since the entrepreneur takes human capital and the number of
intermediates previously introduced as given at each point in time, maximization
of Vjt with respect to Pj, subject to 2.4 in each instant yields a solution for the
equilibrium price of an intermediate:

1
Pjv = P = - > 1,

a
(2.7)

which, as we can see, depends neither on time nor on the type of intermediate.
The reason being that the R&D cost is time and type invariant and that the
intermediates enter symmetrically in the production of final output. The closer a
is to one, the smaller the mark up. a==l would imply that the intermediates were
perfect substitutes and there would be no room for monopoly pricing.

We can now determine the quantity that will be produced of each intermediate
by substituting the equilibrium price into the expression for intermediate demand,
equation 2.4:

1 2 Ht
X jt = X t = AI-Qa 1-

QNt' (2.8)

The quantity produced is the same for all intermediates and changes over time at
the same rate as the ratio of the firm's stock of human capital to the number of
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intermediates introduced. Substituting 2.8 into 2.5 we get the following expression
for the equilibrium wage:

1 (2a ~)Wt = W = AI-a al-a - al-a > O. (2.9)

The equilibrium wage is thus fixed and depends only on the general level of tech
nology A in final output production and on the degree of decreasing returns to
intermediates, a. As we can see, the wage does not depend on the availability of
human capital. The reason for this is that in equilibrium, the marginal return to
human capital is constant. Increasing the human capital employed in production
leads to decreasing direct marginal returns, but more H relative to intermediates
induces the firm to demand a higher quantity X of each intermediate which raises
the marginal return to human capital by an offsetting amount.

Substituting the equilibrium quantity X and price, p, into 2.6 reduces the net
present value of doing R&D to:

where
W 1 (.!.±£ 2)

/'i, = P = A 1-" a 1-" - a 1-" •

(2.10)

(2.11)

We assume that there is free entry into the R&D-sector, that is, anyone can
become an entrepreneur. This implies that the net present value of doing R&D
will be driven down by new entrants. Were net present value less than zero, there
would be no R&D going on in equilibrium. In an equilibrium with R&D activity
going on, we therefore have the following zero-profit condition:

1J.. =100

[Hv e- ft
V

T(S)dS] dv.
~ t Nv

(2.12)

(2.13)

Since ~ is constant, we can differentiate the zero-profit condition with respect
to time, t, manipulate to obtain an expression for the integral in the zero-profit
condition, which we can plug back into the zero-profit condition and rearrange to
solve for the equilibrium interest rate an entrepreneur is willing to pay in return
for the TJ units of final output he needs to borrow for his project:

~Ht
Tt = --.

TJ Nt

8



This interest rate depends positively on the ratio of human capital to intermedi
ates, positively on the wage relative to the price of an intermediate, and negatively
on the R&D cost. Using the expression for the wage relative to the price of inter
mediates, K in 2.11, it can also be shown that the interest rate depends positively
on the level of technology, A, in final output production. The dependence of the
interest rate on a is not monotonous. For small a's the interest rate increases
with a, whereas the relation is negative for large a's.

2.3. The individual

The L representative individuals of the economy part their time between working
to earn a wage, denominated in final output, and going to school to accumulate
human capital. Individuals consume some of their wage directly and lend some of
to entrepreneurs in return for future interest. The individuals, who all have the
same preferences and talents, derive their utility from consumption of the final
good. The individual's lifetime utility is:

u = 100

[u (Ct) e-pt
] dt, (2.14)

where tIle stream of consumption is discounted with the rate of time preference,
p, which measures how much the individual favors consumption today over con
sumption tomorrow. The higher the value of p, the less patient is the individual.
We assume that U(Ct) takes the following form:

1-(J 1Ct -
U(Ct)= 1-0 ' (2.15)

where ~ is the intertemporal elasticity of substitution. The higher the value of (),
the more the individual dislikes deviations from a smooth consumption path.

The individual maximizes lifetime utility subject to his intertemporal budget
constraint and subject to the evolution of his human capital stock. The intertem
poral budget constraint is:

(2.16)

where atis the change in the individual's stock of assets, Le. the amount of fi
nal output the individual lends to entrepreneurs at time t. Wt is the equilibrium
wage, (1 - Ut) is the share of time dedicated to working, mt is the individual's
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endowment of human capital and Tt the return on accumulated assets, art, Le. the
accumulated amount of final output the individual has lent to entrepreneurs. The
individual's endowment of human capital evolves in the following way:

(2.17)

B is a constant representing the state of technology in the educational sector of
the economy. Ut is the share of time Le. the fraction of human capital dedicated
to learning activities, mt is the individual's human capital stock, mt is the average
endowment of human capital of the inhabitants in the economy, and 8 is the rate
of depreciation of human capital. This depreciation rate could be thought of as
the rate at which knowledge becomes obsolete due to technological progress. For
simplicity, we shall assume a constant rate of depreciation. B has to be larger than
the rate of depreciation, otherwise m declines even if the individual spends all his
time in school. This is not the case if the average human capital stock exceeds
that of the individual, but since all individuals are alike and the individual and
the average human capital stock are equal in equilibrium, we assume that B > 8.

Production of human capital depends both on the individual's input of human
capital into the learning process, Utmt, and on the average endowment of human
capital in the economy, mt. This dependence on the average endowment of human
capital can be interpreted as the effect of the skills of teachers and colleagues on
the individual's learning process. Holding constant the individual input into the
learning process, an improvement in the average level of human capital would
speed up the learning process of the individual. There is, however, decreasing
returns both to the individual's input of human capital and to the average en
dowment of human capital. When the individual decides how much effort to
dedicate to learning, he regards the average stock of human capital as exogenous,
that is, he will not take into account the fact that his own decision to accumulate
human capital will affect the growth in the average stock of human capital. This
external effect of human capital will make the decentralized equilibrium deviate
from the social optimum as a result of too little investment in human capital.

The utility maximizing individual will choose how much to consume and how
much of his time to spend in school. That is, Ct, and, Ut are his control variables.
The state variables he worries about are assets, at, and human capital, mt.

We write the individual's present value Hamiltonian:

10



max1-lt
Ct,Ut

1-9 1
£;1 _~ e-pt + At (w (1 - Ut) mt + rtOrt - Ct)

+fLt (B (Utmd3 m}-.a - 8mt) .

(2.18)

and

The first order conditions are:

'1J _ -9 -pt \ - 0I (,C - Ct e - At - ,

'1J \ {3 f3-1 f3-1-f3 0I (,u = - Atwmt + J-Lt U t m t m t ==,

1tm = AtW (1 - Ut) + fLt (f3Bv!imf-1m}-.a - 8) = - iJ,t ·

The transversality conditions are:

and
lim [J-Ltmt] = o.
t-+oo

(2.19)

(2.20)

(2.21)

(2.22)

(2.23)

(2.24)

2.4. Equilibrium

The first order conditions 2.19 and 2.21 are manipulated to solve for the growth
rate of consumption:

Ct 1- = - (rt - p) , (2.25)
Ct ()

which implies that the growth rate of consumption depends on the difference
between the interest rate and the rate of time preference, and on the intertemporal
elasticity of substitution in the same fashion as in the Ramsey model.

Taking into account that mt = mt, since all individuals are alike, we can
manipulate the first order conditions, 2.20, 2.21, and 2.22 to derive the following
expression for the rate of change in the share of time spent in school:

tit _ 1 ( f3-1 )
Ut - 1 - f3 rt - f3ut + 8 ·

11
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The expression in 2.26 tells us that the change in the time share spent in school
will depend on the interest rate, i.e. the rate of return offered on loans to R&D
activity and on the rate of return to additional human capital. If the interest rate
is high today, that is, if it exceeds the marginal rate of return to the individual of
an additional unit of human capital, the time share spent in school increases. The
reason being that a high interest rate implies that the individual initially spends
little time in school (since the payoff on lending to entrepreneurs is so high), but
that the schooling effort increases as the return to R&D declines relative to the
return to human capital accumulation. If, on the other hand, the interest rate is
lower than the rate of return to additional human capital, the individual initially
spends most of his time accumulating human capital, but the time share declines
until the gap between the interest rate and the return to human capital is closed.

Equilibrium in the asset market will close the model. Asset market equilib
rium requires the increase in the population's total assets to be equal to the total
amount of resources spent on R&D by the entrepreneurs at each point in time.
Since all individuals are identical, this yields the following asset market equilib
rium condition:

L at= "1 Nt . (2.27)

It also follows that the present value of total assets must equal the present value
of future profit flows from all existing intermediates:6

(2.28)

The asset market equilibrium conditions and the individual's intertemporal
budget constraint 2.16, can be used to find an expression for the rate of change
of the number of intermediates:

(2.29)

Since the interest rate paid by the entrepreneurs is that received by the individ
uals, we can substitute the expression for the interest rate, 2.13, into the motion
equations, 2.25, 2.26, and 2.29. Using, again, that mt = mt, in 2.17, we can
describe the economy as a system of four differential equations in the level of

6The asset market equilibrium conditions, the equilibrium quantity demanded of each inter
mediate, the equilibrium wage, the equilibrium interest rate, and the individual's intertemporal
budget restriction, can be used to show that all final goods produced are either consumed, used
to produce intermediates or consumed in the R&D process.
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consumption, Ct, the share of time spent in school, Ut, the human capital stock,
mt, and the number of intermediates, Nt :

(2.30)

(2.31)

(2.32)

and

(2.33)

3. Steady State

Solving the above system involves defining what we mean by steady state in
this model. A steady state situation requires that tIle individual's allocation of
time between school and work does not change over time, that is, 'lit, has to be
zero. Equation 2.32 shows that a constant U implies that the growth rate of m is
also constant in the steady state. Furthermore, since equation 2.31 implies that
the ratio of human capital to the number of intermediates has to be constant,
we know that the growth rate of the number of intermediates is also constant
and equal to the growth rate of human capital in steady state. It follows that
consumption grows at the same rate and that the ratio of consumption to the
number of intermediates is constant in steady state.

In order to analyze the steady state and the transitional dynamics, we trans
form the system into a system of three differential equations in variables which
are all constant in the steady state. We do this by forming the state-like variable
Z, which is the ratio of individual human capital to the number of intermediates,
and the control-like variable Q, which is the ratio of consumption to the number
of intermediates. Together with the motion equation for the time share spent in
school, 2.31, the motion equations for Z and Q form a dynamic system:

(3.1)
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and

Qt Ct Nt L ((1)) L 1- = - - - = rQ = - - - 1 K - W (1 - Ut) Zt + -Qt - -po
Q t Ct Nt 'fJ () 'fJ ()

(3.3)

We can now look for a steady state, (u*, z* , Q*), in which the growth rates of
u, and our new variables, Z and Q, are all zero. Unfortunately, we cannot solve
for the steady state explicitly, but we can derive expressions for the steady state
values of z and Q in terms of u*, and we can then show that the steady state value
of u lies between zero and one for plausible parameter values. Setting 3.1, 3.2 and
3.3 equal to zero we can derive the following expressions defining the steady state
values of u, z and Q:

() *{3 _ a *{3-1 _ (1 - ()) 8 + p
U - fJU B' (3.4)

(3.5)

(3.6)

We can ensure that both z* and Q* are non-negative by invoking the transversality
condition. Furthermore, since both z* and Q* are increasing functions of u* we
also know that the steady state is unique if there is a unique u*. To obtain a
solution, we need to assign values to the parameters. It can, however, be shown
that there is a unique u* and that for reasonable parameter values this unique u*
lies between zero and unity.

3.1. The steady state growth rate

In steady state, consumption, the number of intermediates, and human capital all
grow at the same rate. Hence, the steady state growth rate of these variables is
given by the growth rate of human capital in steady state:

(3.7)
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What about the growth rate of final output? We can write equilibrium output as:

{Nt
yt =A Jo [hi-aXfi] dj = AN (z* (1 - u*) L)l-a X a. (3.8)

From this equation we can see that in steady state, when u, z and X are all con
stant, final output grows thanks to the expansion of the number of intermediates.
The steady state growth rate of final output is, thus, equal to the steady state
growth rate of consumption, hunlan capital and of the number of intermediates.
The incentive of the entrepreneurs to expand the number of intermediates rises
when the interest rate is pushed up by the growth in the human capital stock
which, in turn, results from the individual's decision to go to school. In making
the choice between going to school and working, the individual weighs the bene
fit of being more educated in the future against the possibility of saving to earn
future rent or consuming today.

The steady state growth rate is higher the larger the share of time dedicated to
education. By taking the derivative of the growth rate with respect to each of the
parameters and by differentiating 3.4 with respect to u and each of the parameters,
we can determine how the growth rate depends on the parameters (3, (), 8, p, and B.
The results are presented in the appendix and show that the growth rate is higher
the more efficient the educational system (Le. the higher the technology parameter
B), the smaller the rate of depreciation of human capital, the smaller the rate of
time preference, p, and the larger the intertemporal elasticity of substitution, ~.

Hence, the steady state growth rate depends on the parameters of the demand
function, in a fashion similar to the neoclassical growth model: the more patient
and the less keen on consumption smoothillg the consumers are, the faster the
economy grows in the steady state.

The dependence of the steady state growth rate on the degree of diminishing
returns to the individual's investment in human capital, (3, is ambiguous. For
small time shares invested in schooling, higher (3 leads to slower steady state
growth, while growth increases with (3 for a sufficiently large equilibrium time
share spent in schooL For sufficiently large u, the positive effect on growth of an
upward shift in (3, is the result of an increase in the equilibrium u. More time
spent in school results in more rapid human capital accumulation. For small time
shares, the increase in the schooling effort does not result in enough human capital
accumulation to offset that less effort is used to produce goods.
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4. Dynamics

Having established that there is a unique steady state, we need to find out whether
the economy actually converges towards the steady state or not. Ideally we would
like to make a global analysis of the dynamics. That is, we want to know the
shape, slope, and position of the stable arm, if such a stable arm exists, and we
want to know how fast the economy converges towards the steady state along the
stable arm. Since we are unable to reduce the system to a two-variable problem,
we cannot display the dynamics using phase diagrams, instead we will linearize
the system using a first order Taylor expansion around the steady state.7 We
display the qualitative behavior of the model for a set of benchmark parameter
values.

The parameter values in this benchmark case are chosen to calibrate the growth
rate to two percent. For some parameters our choice is guided by empirical find
ings, while other parameter values are set arbitrarily. The benchmark value for
the inverse of the intertemporal elasticity of substitution, (), is set to 2, which is
lower than what has been suggested by recent attempts to estimate, (). Acemoglu
and Scott (1994) estimate a () between 10 and 30, and Hall (1988) find a () of
at least 5. The clloice of {)===2 is, however, more in line with earlier calibrations
of growth models, e.g. Mulligan and Sala-i-Martin, (1993) and Jones, Manuelli
and Rossi (1993). The rate of time preference, p, which is set to 0.03, is also
set in line with previous work on growth. The depreciation rate of human capi
tal, 8, is set to 0.05, which is in line with estimates by Mincer and Ofek (1982).
It is often argued that production of human capital, education, is more human
capital intensive than other production. In line with this argument, (3 is set to
0.7, while Q is set to 0.5. This Q is higher than the commonly used Q of 0.3,
in calibrations of models with accumulation of physical capital and a fixed labor
force. The motivation is that we think of the intermediates as a wider concept
than physical capitaL In order for the steady state growth rate to be 0.02, the
chosen benchmark parameter values require a technology parameter, B, of 0.131.
The R&D cost, "7, the size of the population, L, and the technology parameter A,
are set arbitrarily to 1.

7We could analyze the system globally with the time elimination method developed in Mul
ligan(1991). As long as the steady state is unique, such an analysis would generate the same
qualitative results as a local analysis of the system when linearized around the steady state, see
Mulligan and Sala-i-Martin (1993).

16



4.1. Stability and the slope and position of the stable arm

The linearized system can be written on matrix form:

[it] [ Ut - U* ]

Z =M ~:=~* ' (4.1)

where M is a 3x3-parameter matrix, presented in the appendix. It can be shown
that the determinant and the trace of M are negative under certain conditions.
This implies that the linearized system is either stable or saddle path stable. Since
we are unable to solve explicitly for the eigenvalues of M, we have to rely on the
numerical analysis in section 5, which indicates that M has only one negative
eigenvalue and, hence, that the system is saddle path stable for relevant parameter
ranges.

Assuming that the conditions for saddle path stability are satisfied, we can
now find the position of the stable arm and derive how the time share allocated
to education, u, and the ratio of consumption to intermediates, Q, change as
the economy moves towards the steady state for the chosen set of benchmark
parameter values. We are also able to study the transitional behavior of growth
rates of the variables in the modeL For convenience, we will relate changes to a
measure of how distant the economy is from its steady state. This distance, d, is
defined as:

(4.2)

and the stable arm is defined as:

z* (ed
- 1)

+---
V2

(4.3)

where [~:] is the eigenvector of the matrix M, which is associated with the

negative eigenvalue.
The linearized stable arm is depicted in three dimensions in the boxes in Figure

4.1 a,b.
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Figure 4.1 :
The linearized stable arm depicted in (u, z, Q)-space.
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There is a negative relation between the time share spent in school and the
ratio of human capital to intermediates, and a positive relation between the ratio
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of consumption to intermediates and the ratio of human capital to intermediates.
It should be noted again that this relation between u, z and Q, holds only for a
region close to the steady state.

The graphs in Figures 4.2 and 4.3 show how u and Q change as the ratio
of human capital to intermediates, z, approaches its steady state position. If
the economy starts out with a relative scarcity of hunlan capital, that is Z < Z*,

individuals spend a large share of their time accumulating human capital. Because
they have little time left over for work, their wage earnings are small and they
can therefore only afford to consunle relatively little in relation to the steady
state ratio of consumption to intermediates. As the economy moves towards the
steady state, the time share spent in school gradually declines and the level of
consumption increases. If, on the other hand, the economy is relatively rich in
human capital, u increases and Q decreases as the steady state is approached.

Figure 4.2:
The choice of the time share spent in school, u, as a function of the

ratio of human capital, z, relative to the steady state position, z*.
u
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Figure 4.3:
The choice of the ratio of consumption to intermediates, Q, as a function
of the ratio of human capital, z, relative to the steady state position, z*
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We can understand these slopes by taking a look at equation 2.26 which tells
us that the change in the time share spent in school depends on the interest rate,
Le. the rate of return offered on loans to R&D activity and on the rate of return
to additional human capital. If the economy has a relative scarcity of human
capital, that is z < z*, the rate of return to human capital is high in relation to
the interest rate. The individual thus chooses to invest so much in schooling that
he has little time left to work in order to earn wage income. The individual chooses
to give up consumption in order to accumulate human capital and the ratio of
consumption to intermediates is therefore small, despite very small investments
in R&D. As the rate of return to human capital declines and the interest rate
increases, the share time spent in school is decreased and investments in R&D
are increased. Although the individual's incentive to invest in R&D increases, the
increased wage earnings, resulting from his enlarged human capital stock and from
a larger time share spent working, allows the individual to choose an increasing
ratio of consumption to R&D capital as the gap between the interest rate and the
return to human capital investments is closed.
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4.2. The transitional behavior of growth rates

We are now interested in how the transitional behavior of the growth rates of
consumption, human capital, number of intermediates, and output relate to the
distance of the economy to its steady state position. We take a particular interest
in how imbalances between human capital and the number of intermediates affect
the growth rates in the economy. The transitional behavior of growth rates is
shown in figure 4.4, which displays how the growth rates change in relation to dis
tance of the state variable from its steady state position. Due to the linearization
around the steady state, the relations shown in the figures only hold close to the
steady state, i.e. close to In(z/z*) = o. A In(z/z*)-value of 0.1 implies that the
state variable is ten percent larger than its steady state value.

Figure 4.4:
The transitional behavior of the growth rates

of consumption, human capital, intermediates and output.

growth rate
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The growth rate of consumption.
If the economy initially has a relative scarcity of human capital, that is z < z*,

the return to introducing new intermediates is low to start with. The return
to human capital, however, is high and individuals therefore accumulate human
capital. This causes the return to intermediates to increase. This increase in
the interest rate causes the growth rate of consumption to increase during the
transition to the steady state. Should the economy instead have a relatively large
stock of human capital at the outset, the interest rate, and thus the growth rate
of consumption, are high initially and then fall as the economy approaches its
steady state. This imbalance effect is similar to the imbalance effect betweell
human capital and physical capital found in the Uzawa-Lucas model.

The growth rate of human capital.
The growth rate of the stock of human capital is determined by how much time

is spent in school. If the economy has a relative scarcity of human capital at the
outset, the growth rate of human capital is initially high and then subsequently
declines towards the steady state growth rate of human capital. If the economy
is very abundant in human capital, the share of time spent in school is very small
and the growth rate of human capital may therefore initially be negative, since
the rate of depreciation of human capital may exceed the rate at which human
capital is formed. The growth rate of human capital increases gradually as the
steady state ratio of human capital to intermediates is reached.

The growth rate of the number of intermediates.
The growth rate of N depends on the willingness of individuals to invest in

R&D. This willingness depends on the interest rate and on the individuals allo
cation of time between work and school. As we have seen above, time allocation
depends on the relative rates of return to R&D and human capital. We know
from Figure 4.3 that the ratio of consumption to intermediates increases as the
economy moves from a situation of relative human capital scarcity towards the
steady state. Thus, the number of internlediates must grow at a slower rate than
consumption during the transition. If, on the other hand, the economy is relatively
human capital abundant, the speed at which new intermediates are introduced
will be higher than the growth rate of consumption, since the ratio of consumption
to intermediates, Q, decreases as the economy moves closer to the steady state.

The growth rate of output per capita.
So far we have not discussed what happens to the dynamics of output in the

model. If the equilibrium expressions for the demand for intermediates and the
price of intermediates are substituted into the production function of final output,
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we can write final output per capita, Y, as:
1

Y = (Aa2a
) I-a (1 - Ut) mt,

which implies that the growth rate of output is:

(4.4)

(4.5)Yt mt (1 - Ut)

Yt mt 1- Ut

The growth in output per capita thus depends positively on the growth rate
of human capital, but is, of course, also affected by changes in the time share
dedicated to work. The more human capital employed in production, the higher
is output. Given how m and U evolve as the steady state is approached, final
output per capita grows fast, but at a decreasing rate if the economy starts out
with a relative scarcity of human capital, and very slowly if the econonlY initially
is relatively abundantly endowed with human capital. That is, a situation with
plenty of human capital and little R&D capital results in lower than steady state
output growth, whereas plenty of R&D capital and little human capital give higher
than steady state output growth. The reason is that an economy which is rich
in R&D capital has a strong incentive for accumulation of human capital and
a potential for output growth through the reallocation of time from school to
work. If, on the other hand, the economy has little R&D capital, individuals
work most of their time and although there is a strong incentive for investments
in R&D, the effect on output is small. The reason is that the increase in the
number of intermediates puts a downward pressure on the interest rate which
raises the relative return to human capital. This causes individuals to spend more
time in school. This effect reduces the growth rate of output. Hence, the growth
rate of output does not display the U-shape it does in the Uzawa-Lucas model.
Our imbalance effect for output is also opposite to the imbalance effect for broad
output found in the Uzawa-Lucas model.

The concept of broad output was mentioned in the introduction. As defined in
Barro and Sala-i-Martin (1995), broad output is the output produced in the final
output sector plus the value, in terms of consumption goods, of the accumulation
of human capital. In this context, per capita broad output, 0, is:

O - f-LtB [3
t - Yt + At U t mt·

It can be shown that the qualitative results that are presented for final output are
valid also for this concept of broad output. We will therefore not present separate
results for broad output.
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The direction of the imbalance effect on output in our model leads the thought
to the idea gap discussed in Romer (1993). Romer argues that lack of ideas, i.e.
knowledge of what and how things can be done, is more important than lack of
machines, object or even skills when one tries to understand why some developing
countries grow slowly or not at alL While ideas generate demand for other factors
of production, people or firms cannot demand things or services they do not
know of. The model developed here, a relative lack of R&D capital which could
be interpreted as idea gap, implies poor growth because accumulation of human
capital is slow. Abundance of R&D capital, on the other hand, leads to rapid
growth as a result of rapid human capital accumulation inspired by a high rate of
return and because individuals reallocate time from going to school to working in
the final output producing sector.

4.3. Speed of convergence

The previous analysis showed how decision variables and growth rates change as
the economy moves towards its steady state. This section focuses on how fast
these changes take place. In order to analyze the speed of convergence towards
the steady state, we log-linearize the system around the steady state and write
the system as:

[

aIn u ] [ In Ut ]

8~Z =M In~ ,
aPnQ ln tk

at Q*

(4.6)

where M is a 3x3 parameter matrix with the same eigenvalues as the matrix M
in 4.1. The solution to the system is then:

lnit = eetlni (0) + (1 - eet) lni*, for i = u, z, Q, (4.7)

where € is the negative eigenvalue of the matrix M and -€ is the speed of conver
gence. (u(O), z(O), Q(O)) is the position on the stable arm at which the economy
starts out at time t = o. Hence, we can obtain an expression for how the economy's
position in relation to the steady state, d, evolves over time, given the position at
the outset:

d = In ( z;?)) eet.

We can now display graphically how decision variables and growth rates con
verge towards their steady state values over time, when the economy starts out
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in a situation where the ratio of human capital to intermediates is half its steady
state value. In the benchmark case, it takes about 2.5 years to get half-way to the
steady state. This implies that the speed of convergence, -e, is 0.28. To determine
how the speed of convergence depends on the parameters of the model, requires
us to solve explicitly for the eigenvalues of matrix M. Since, we have not been
able to do so, the dependence of the convergence speed on parameter values will
only be analyzed numerically.

Figure 4.5:
The convergence over time of the time share spent in school, u.

u

0.43

0.42

0.41

0.39

25

15 20



Figure 4.6:
The convergence over time of the ratio of consumption

to intermediates, Q.
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Figure 4.7:
The convergence over time of the growth rate of

consumption, 'Yc.
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Figure 4.8:
The convergence over time of the growth rate of human capital, 1m.
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Figure 4.9:
The convergence over time of the growth rate of intermediates, IN.
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Figure 4.10:
The convergence over time of the growth rate of output, !y'
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5. Sensitivity Analysis

15 20

As shown above, the steady state growth rate depends on the parameters of the
demand function and on the parameters in the motion equation of human capital.
In this section we examine how the position of the steady state, the slope of the
stable arm, and the convergence speed depend on the parameters of the model. We
present the results of a sensitivity analysis of the steady state and the dynamics. It
turns out that the model behaves qualitatively similar for the ranges of parameter
values tested.

The qualitative results of the numerical simulations to compute the steady
state, the slope of the stable arm, the convergence speed, and the steady state
growth rates for different parameter values, are summarized in Table 5.1, while
the full results are presented in Table 5.2. Apart from showing how these depend
qualitatively and quantitatively on changes in parameter values, the numerical
simulations also show that the dynamics around the steady state exhibit saddle
path stability, that is, there is one negative and two positive eigenvalues, for the
ranges of parameter values tested here. The results reported in Tables 5.1 and 5.2
are obtained in numerical simulations in which one parameter at a time is allowed
to deviate from its benchmark value, and we can thus say nothing about where
the economy ends up if all parameters are altered at the same time.
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5.1. Qualitative results of the sensitivity analysis

Table 5.1 presents the effects on steady state values and the convergence rate
of allowing one parameter at a time to vary from the lower to the upper bound
of a given interval. A plus (minus)-sign implies that the value of the particular
variable increases (decreases) as the parameter value is increased. Column (1)
reports the parameter and the range tested, column (2) reports the effect on the
steady state growth rate of a change in the parameter. In column (3), the effect
on the number of years it takes for the economy to get half-way to its steady state
is reported, columns (4)-(6) report the effects on the steady state values of u, Z

and Q.
The results displayed in column (2), are consistent with the findings in Section

3.1 on the steady state growth rate, that is, the steady state growth rate depends
on the parameters of the demand function and of the paranleters of the human
capital accumulation function. The more patient and the less keen the individual
is on consumption smoothing, the faster the steady state growth rate. The econ
omy also grows faster in steady state, the higher the level of technology in the
educational sector and the lower the rate of depreciation of human capital. As
mentioned before, there is an anlbiguity with respect to the degree of decreasing
returns to human capital in the learning process.

In column (3), we can see that the speed of convergence towards the steady
state depends on the same parameters as the steady state growth rate, with the
addition of the elasticity of the final output production function with respect to
intermediates. The economy moves faster (half life is shorter) towards the steady
state, the less keen the individual is on consumption smoothing and the more
favorable the environment for human capital accumulation (that is the higher the
level of technology). If the individual does not care very much about a smooth
consumption path, he is willing to experience rapid changes in consumption levels
along the transition to the steady state. Convergence towards steady state is on
the other hand slower if the elasticity of output with respect to intermediates is
high.8

8 The effects on the speed of convergence of the level of technology in the hunlan capital
sector and of the elasticity of output with respect to intermediates are the same as those found
for the model of endogenous growth with human and physical capital in Ortigueira and Santos
(1997). However, in their calibrations, preference parameters exert no influence on the speed of
convergence.
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Table 5.1:
Qualitative results of sensitivity analysis

1 2 3 4 5 6
Parameter Steady Half life of

(range state distance to u* z* Q*
tested) growth Steady

rate State
() + -+ +

(0.5-100)

P + +
(0.001-0.05)

B + + +
(0.01-100)

(J -+ +- + -+ -+
(0.001-0.999)

8 + +
(0-0.075)

L
(0.01-100)

1] + +
(0.01-100)

a + -+
(0.001-0.999)

A
(0.05-100)

empty cell=a change in the parameter has no effect, + = an increase
in the parameter results in a monotonous increase in the variable, - =
an increase in the parameter results in a monotonous reduction in the
variable, -+ = raising the parameter first leads to a decline and then
to an increase in the variable, +- = raising the parameter first leads
to an increase and then to a decline in the variable.

The position of the steady state is also affected by the parameters of the
model. While the time share dedicated to education is affected only by demand
and human capital accumulation related parameters, the steady state positions of
the ratio of human capital to intermediates, z, and the ratio of consumption to
intermediates are affected also by the parameters of the final output sector and
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the parameters pertaining to the R&D activity. In column (4), we see that people
go to school less in steady state, the more keen they are on a smooth consumption
path and the less patient they are. A high level of technology in the educational
sector and a low rate of depreciation reduces the educational effort needed to
keep up a certain level of accumulation, whereas a high j3 makes high educational
efforts worthwhile since a high j3 implies that the degree of decreasing returns to
educational effort is low.

The steady state ratio of human capital to intermediates in column (5), is
higher the higher the level of technology in the educational sector and the lower
the rate of depreciation of human capitaL Both these parameters determine how
costly it is to accumulate human capital, and the more costly it is, the lower will be
the steady state ratio of human capital to intermediates. If the population is large,
low human capital per worker is compensated by the large number of workers and
thus the steady state ratio of human capital to intermediates decreases with the
size of the labor force. This result is, of course, directly linked to the assumption
that firms care about the total amount of human capital employed and not on
how it is distributed among the workers. The R&D cost is positively related to
the ratio of human capital to intermediates, since a high R&D cost makes the cost
of intermediates high relative to the cost of human capitaL

The steady state ratio of consumption to intermediates in column (6), could
be interpreted as the proportion of material wealth consumed at each moment. If
the individual likes a smooth consumption path and if he is impatient, the ratio of
consumption to intermediates is high. If the level of technology in the educational
sector is high, the individual chooses to have a larger share of his wealth denom
inated in human capital, and consumption as a share of wealth denominated in
intermediates is therefore high. The same kind of reasoning applies to the rate of
depreciation, the size of the work force and the R&D cost.

5.2. Quantitative results of the sensitivity analysis

In Table 5.2, we can go further and see how sensitive the steady state and the
dynamics are to parameter changes. We have added column (2), which reports the
value of the parameter being tested. It can be noted that altering the parameters
of the demand function, () and p, does not seem to have very large effect on the
steady state and the dynamics.
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Table 5.2:
Quantitative results of sensitivity analysis

(1) (2) (3) (4) (5) (6) (7)
Para- Steady Half life

Para- meter state of distance u* z* Q*
meter value growth to Steady

State
() 0.5 0.048 1.520 0.659 2.530 0.114

1 0.032 2.057 0.513 2.037 0.154
2 0.020 2.470 0.408 1.892 0.190
3 0.015 2.670 0.365 1.866 0.208
5 0.010 2.877 0.325 1.860 0.226
10 0.005 3.084 0.291 1.868 0.243

100 0.001 3.339 0.257 1.892 0.263

P 0.001 0.031 2.167 0.502 2.017 0.157
0.005 0.029 2.213 0.488 1.922 0.162
0.01 0.027 2.268 0.472 1.965 0.167
0.03 0.020 2.470 0.408 1.892 0.190
0.05 0.013 2.642 0.350 1.862 0.214

B 0.01 0.005 4.210 0.428 1.127 0.116
0.131 0.020 2.470 0.408 1.892 0.190

0.5 0.197 0.437 0.365 10.671 1.074
1 0.437 0.208 0.357 22.486 2.273
5 2.355 0.040 0.351 116.931 11.864
10 4.753 0.020 0.351 234.98 23.853
100 47.91 0.002 0.350 2359.8 239.66

{3 0.001 0.080 2.675 0.000 3.036 0.489
0.05 0.059 3.308 0.028 2.450 0.387
0.3 0.027 4.637 0.172 1.635 0.226
0.5 0.021 4.054 0.291 1.611 0.193
0.7 0.020 2.470 0.408 1.892 0.190
0.95 0.024 0.336 0.549 2.776 0.211

0.999 0.025 0.006 0.576 3.053 0.217
8 0 0.049 0.299 0.245 21.406 2.535

0.025 0.025 0.307 0.251 20.78 2.441
0.05 0.020 2.470 0.408 1.892 0.190
0.075 0.004 3.881 0.488 1.210 0.112

benchmark results are reported in bald print
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Table 5.2 cont:
Quantitative results of sensitivity analysis

(1) (2) (3) (4) (5) (6) (7)
Half life of

Para- Para- Steady distance u* z* Q*
meter meter state to Steady

value growth State
L 0.01 0.020 2.470 0.408 189.21 18.99

0.5 0.020 2.470 0.408 3.784 0.380
1 0.020 2.470 0.408 1.892 0.190
2 0.020 2.470 0.408 0.946 0.095
5 0.020 2.470 0.408 0.378 0.038
10 0.020 2.470 0.408 0.189 0.019
100 0.020 2.470 0.408 0.019 0.002

'TJ 0.01 0.020 2.470 0.408 0.019 0.002
0.5 0.020 2.470 0.408 0.946 0.095
1 0.020 2.470 0.408 1.892 0.190
2 0.020 2.470 0.408 3.784 0.380
5 0.020 2.470 0.408 9.461 0.950
10 0.020 2.470 0.408 18.921 1.899

100 0.020 2.470 0.408 189.21 18.99
a 0.001 0.020 0.184 0.408 120.02 70.02

0.05 0.020 1.136 0.408 3.413 1.449
0.3 0.020 2.163 0.408 1.580 0.283
0.5 0.020 2.470 0.408 1.892 0.190
0.7 0.020 2.656 0.408 2.975 0.150

0.95 0.020 2.808 0.408 17.48 0.124
0.999 0.020 2.831 0.408 873.8 0.120

A 0.5 0.020 2.470 0.408 7.568 0.190
1 0.020 2.470 0.408 1.892 0.190
2 0.020 2.470 0.408 0.473 0.190
5 0.020 2.470 0.408 0.076 0.190
10 0.020 2.470 0.408 0.019 0.190

100 0.020 2.470 0.408 0.000 0.190

benchmark results are reported in bald print

Changes in B, on the other hand, have large effects on growth, speed of con-
vergence, and on the steady state ratios of human capital to intermediates and
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consumption to intermediates. {3 also has a marked impact on growth and conver
gence speed. The individuals allocation of time between work and school, u*, is
more sensitive to changes in the degree of diminishing returns to schooling effort,
{3, than to any other parameter changes. Whereas the size of the work force,
L, the R&D cost, the elasticity of output with respect to intermediates and the
level of technology in final output production h.ave no or little impact on steady
state growth, convergence speed and educational effort, they are influential when
it comes to determining the whereabouts of the steady state.

6. Discussion and Conclusion

This paper has analyzed an economy in which individuals accumulate human
capital and invest in R&D which is carried out by entrepreneurs. In the model
we have presented, output per capita of an economy is determined by the stock of
human capital and the time share spent working. We find that the long run growth
rate of an economy is determined by the capacity of the economy to accumulate
human capital and by the preferences of individuals. It follows that if an economy
is poor in output per capita terms relative to its stock of human capital, it will
grow fast if the reason for low output per capita is that the citizens are spending
their time accumulating human capital instead of working. In such a situation,
the country has a strong output growth potential which is realized once people
reallocate time from school to work. Our model thus implies that changes in labor
participation rates should have explanatory power for growth.

In line with other growth models, we find that steady state growth increases
with patience and decreases with the preference for smooth consumption. Apart
from preferences, the determinants for long run growth are the efficiency of the
educational system and the rate of depreciation of human capital. Our model also
predicts a positive correlation between long run growth and the rate of investment
in the R&D sector, as well as between output growth and investments in human
capital.

Furthermore, we find that a relative lack of ideas or R&D capital, i.e. a
ratio of human capital to intermediates in excess of the steady state ratio, will
cause the economy to grow slowly during its transition to the steady state, while
a relative abundance of R&D capital gives high growth rates during transition.
This asymmetric imbalance effect can be interpreted as being the result of an
idea gap. Abundance of ideas provides a strong incentive for investments in other
factors of production, which leads to growth. Lack of ideas, on th.e other hand, is
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an incentive for investments in ideas. The growth in the stock of ideas stimulate
people to reallocate effort from producing output to accumulation of factors. This
reallocation reduces the output growth effect induced by growth in the stock of
ideas.

Although our model has little to say about why or how an economy would end
up in a situation where R&D capital and human capital are out of balance, our
results offer some insight as to why human capital rich economies can experience
poor growth. Political decisions which affect the efficiency of human capital accu
mulation, are examples of events which may cause the steady state to shift. Such
a steady state shift would render the ratio of human capital to R&D capital out
of balance. If such a political measure had the effect of worsening the efficiency
of the educational system, it would put the economy in a situation with a relative
human capital abundance. People would shift from schooling to working, which
would give a short run boost in output, but the economy would then grow slowly.
Isolating an economy from information flows and other foreign influences, as has
been the unfortunate policy in many developing countries during the post inde
pendence era is an example of such a growth hampering policy. However, if policy
measures instead are positive for the efficiency of human capital accumulation,
the effect is the opposite and leads to rapid growth in transition and a higher
steady state growth rate.

An implicatio11 of this in1balance effect is that there is a possibility both of
convergence and non-convergence in per capita output levels over time. If the
citizens of two economies have the same preferences and if all the technology
parameters are the same for the two countries, history will determine whether
per capita output of the two economies converge over time or not. If history
has endowed the two economies with the same ratio of human capital to R&D
capital, they will follow the same growth path and initial income differences will
be permanent. However, if history for some reason has endowed the poorest
of the two economies with a relative scarcity of human capital and the richer
economy with a relative abundance of human capital, output levels will converge
over time. The poor economy may get closer or catch up completely, but it could
also surpass the rich economy. In the case where the initially rich economy is
also the one scarcely endowed with human capital, the output gap will widen. If
technologies are different, long run growth rates will differ and income gaps will
widen. In this case, the economy with superior capacity to accumulate human
capital will always eventually be the richest economy, whether it was rich or poor
to start with.

35



The reason for catching up or surpassing in this model is that the citizens of
the catcher up (or over taker) economy have a stronger incentive to accumulate
human capital than the citizens of the leader and laggard economies. This will be
the case if the catcher up economy has a relative abundance of R&D capital which
makes the relative return to human capital investments large. Because of the high
returns to investment in human capital and, hence, large time share in spent in
school, a catcher up (over taker) economy will initially have a small output per
capita relative to its human capital endowment. This result finds support in the
empirical literature.

The numerical simulations carried out in section 5 indicate that the transition
to the steady state growth rate is rapid, in comparison with the empirical findings
of rates of convergence of about 2 per cent per year. Our simulations indicate
a half life of at the most 5 years in comparison to a half life of about 34 years
which corresponds to a speed of convergence of 2 per cent. High speeds of con
vergence is, however, common to most calibrations of endogenous growth models.
An implication of rapid convergence is that growth rates will deviate from the
steady state growth rate only for brief periods of time, making the likelihood of
catching up small unless we assume that economies for some exogenous reason
are frequently pushed away from their steady states.

Apart from rendering the model interesting transitional dynamics, the R&D
sector is of limited importance for growth in the long run. This is due to the ab
sence of scale effects. Human capital accumulation is the real source of growth in
the model. The individual's possibility to choose between human capital accumu
lation and investments in R&D as alternative ways of influencing future income is
what drives the dynamics of the model, but in the steady state, the individual's
savings, i.e. investments in R&D, increase at the same rate as he accumulates
human capital. Production of output in the model depends on the total amount
of intermediates in production, N X, which means that the nUIIlber of intermedi
ates and the quantity of each intermediate are, in fact, perfect substitutes. An
implication of this is that it would be possible to sustain growth by expanding the
quantity of each intermediate instead of expanding the number of intermediates.
Although this would violate the zero profit condition of the entrepreneurs, a so
cial planner could actually improve growth by forbidding R&D, thereby stopping
the expansion of N and instead increasing the use of each type of intermediate.
This implication which is present, albeit not discussed, in Jones (1995) appears
to be a consequence of there being no scale effects from R&D. It is clear that the
importance of R&D and entrepreneurship for economic growth, in the absence of
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scale effects, deserves more attention.
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A. Appendix

A.I. Comparative statics on the steady state growth rate:

8"V* du* U*{3-1 + (0 - 1) u*{3
I _ *{3 + B{3 *{3-1 - 0

oB - u u dB - (1 - {3) U*-l + () > ,

0"(* = B{3u*f3-1du* _ 1 = 1 + (1 - {3) U*-l < 0
88 d8 (1 - (3) U*-l + 0 '

0"(* = B{3 *f3-1 du* = Bu*f3 - 15 < 0
80 u dO (1 - (3) U*-l + 0 '

8,* _ *{3-1 du* _ 1
op - B{3u dp - (1 - {3) U*-l +e < 0,

a,* _ B *{31 * B{3 *{3-1 du* - B *{3 In u* + 1 2 O·f * 2 -1
o{3 - u n u + u d{3 - u 1 _ {3 + ()u*:<::: 1 u :<::: e .

(A.1)

(A.2)

(A.3)

(A.4)

(A.5)

A.2. The matrix M:

[

__l_b.KU*Z* + B(3u*f3-1 _l_b.K (1 - u*) u* 0 ]
1-{3 "1 1-{3 "1

M = ~ (K + w) z*2 + B(3U*{3-1 Z* -~ (K + w) (1- u*) z* *z*.
-~ (K (~ - 1) - w) z*Q* ~ (K (~- 1) - w) (1- u*) Q* ~Q*

(A.6)
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Essay 2

The Effects of Redistribution on Occupational
Choice and Intergenerational Mobility:

Does wage equality nail the cobbler to his last?

1. Introduction

Intergenerational mobility, or the degree to which economic and social status are
transmitted from parents to offspring, has received attention both in the theoreti
cal and the empirical literature.1 While sociologists have focused on occupational
or class mobility, economists have taken a greater interest in income mobility.

There are both equality and efficiency implications of intergenerational mo
bility. Concern for equality of opportunity calls for attention to the extent to
which individual welfare is determined by choices and efforts within control of
the individual and to what extent it is predetermined by genes and upbringing.
Furthermore, it is of relevance to what extent the degree of predetermination is
influenced by institutional factors that can be affected by policy. With regard to
efficiency, it is of interest whether family background constrains individual choices
in such a way that the allocation of talent is not optimal from society's point of

°1 am grateful to Anne-Charlotte Eliasson, Tore Ellingsen, Richard Friberg, Sara Johans
son, Johan Lagerlof, Casey Mulligan, Marten Palme, Anders Paalzow, Bjorn Segendorff, Johan
Stennek, Tove Strauss, Susanna Sallstrom and seminar participants at the Stockholm School of
Economics for helpful comments.

1 See e.g. Becker and Tomes (1979,1986), Bjorklund and Jantti (1997), Eriksson and Jonsson
(1996), Mulligan (1995, 1997), Rustichini et al (1996), Solon (1992), and Zimmerman (1992).



view. Baumol (1990) and Murphy, Shleifer and Vishny (1991) argue that the
allocation of talent has growth implications. The reason is that failure of talented
children to exploit their full potential simply because they are born into the wrong
families may deprive the economy of valuable externalities from human capital.

The presence and magnitude of such a loss to society and the possibility that a
compressed wage structure could reduce or aggravate the loss have been subject to
debate in Sweden.2 In discussing the consequences for long run economic growth
of poor incentives for higher education allegedly due to progressive income taxes
and labor market regulations, it has been hypothesized that individuals from weak
educational/social background require stronger economic incentives in order to opt
for higher education than do individuals with well educated parents. The logic
of this hypothesis has fuelled arguments for policies that would increase wage
dispersion, e.g. reduced taxes, since too little wage dispersion is said to deter
brilliant children from educationally weak background from higher education since
the returns are too low.

The aim of this paper is to further the understanding of the relation between
the incentive structure, talent allocation, earnings patterns and intergenerational
mobility in an attempt to answer the question "Does wage equality nail the cobbler
to his last?" or put differently: Is there a trade-off between redistribution and
intergenerational mobility?

Previous theoretical work by economists on intergenerational mobility, e.g.
Becker and Tomes (1986) has focused mainly on the transmission of income earn
ing capacity through mechanisms connected to human capital investments and
bequests.3 Such models suggest that because inequality of opportunity is a re
sult of inequality of outcome in the parent generation working through imperfect
capital markets, policies aimed at providing equal access to education would lead
toward equality of opportunity.

This paper analyzes a different mechanism by which economic status is trans
mitted from one generation to the next by modelling how occupational choice is
influenced by family background. It can be argued that occupational choice is of
particular relevance for intergenerational mobility in societies where other ways
of transferring wealth and status across generations, e.g. financial bequests or
human capital investments are of reduced importance because of heavy taxation

2See e.g. Henreksson (1993) and Erikson and Jonsson (1994).
3Sociologists, on their part, have been more interested in social mobility, Le. the transmission

of socioeconomic status or class, which is generally measured as some combination of mobility
with regard to occupation, education and income.
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or because education is free.
Family background becomes important because we assume that the occupa

tion of the parents may influence the quality of the information a child has about
what it takes to succeed in different types of careers and about the child's talent
for different jobs. In particular, we assume that individuals face more uncer
tainty when considering a career in an unfamiliar occupation than when judging
prospects in the family occupation. We thus introduce family background de
termined differences ill access to information of a kind which is similar to what
has previously been discussed by sociologists, into the study of intergenerational
mobility.4 However, we do not make the common assumption that people from a
particular background (generally those from well educated families) always have
access to better information. Instead, we assume that people have good informa
tion about occupations close to that of their parents and poor information about
unfamiliar occupations.

By introducing family background effects into a simplified version of Willis'
(1991) formulation of Roy's classic occupational choice model from 1951, we derive
how the degree of occupational mobility and how earnings patterns of people with
different family background depend on the incentive structure of the economy,
i.e. on wage differences between occupations and the sensitivity of earnings to
ability within different occupations.5 We also analyze the effects on mobility
and talent allocation of two forms of redistribution. First, we look at the effects
of solidarity wage policy, or redistribution within an occupation. Second, we
turn to redistributive taxation which redistributes income both within and across
occupations.

Contrary to the results in the human capital models of intergenerational mo
bility, this paper illustrates that equality of outcome in the parent generation
or free education do not guarantee equality of opportunity of the young genera
tion. The information differences introduced in our model make the allocation of
talent and, thus, individual earning capacity in the young generation depend on
family background also in the absence of the human capital investment costs and
credit market imperfections or genetic transmission of ability for that matter, that
are the driving forces behind the transmission of inequality in the Becker-Tomes

4See e.g. Erikson and Jonsson (1996).
50ur treatment of occupation is close to that of Roy (1951) and Sicherman and Galor (1990).

In Roy, occupations differ because the require input of different abilities (or combinations of
abilities). Because people are heterogeneous with respect to their endowment of abilities they
will have comparative advantage for some occupations. Sicherman and Galor define occupations
according to the level and the type human capital required.
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model.
Our results further imply that both inter and intraoccupational wage differ

ences are important for the degree of occupational mobility and for the link be
tween family background and allocation of ability and thus earnings patterns.
While wage differences between occupations always provide an incentive to opt
for the high wage occupation, regardless of family bacl<ground, high sensitivity of
earnings to ability, Le. the potential for earnings differences within an occupation,
can attract or deter people depending on their background and attitude towards
risk. The effects on total mobility, allocation of talent and earnings patterns of
changes in the incentive structure will, therefore, depend on the degree of risk
aversion of individuals, as well as on how different occupations are with respect
to wage rates and sensitivity of earnings to ability.

We thus find no unambiguous answer to if redistributive policies enhance or
reduce overall mobility. The effects of redistribution on mobility and talent allo
cation depend on how and where it takes place, Le. if it takes place between or
within occupations. In the latter case, it also matters if wage compression occurs
in an occupation in which earnings are sensitive or not to ability. We find that
upward mobility is stimulated by large interoccupational wage differences. We
also find that strongly risk averse individuals become more prone to choose an
unfamiliar occupation, i.e. be mobile, with the introduction of a redistributive
tax system which reduces both inter and intra occupational wage dispersion while
moderately risk averse individuals become less mobile.

If changes in wage dispersion are restricted to one occupation, e.g. as a result of
solidarity wage policy, effects on mobility are complex, but it is interesting to note
that regardless of risk aversion, upward mobility will be encouraged by a further
increase in the wage dispersion of an already highly ability sensitive occupation
in which earnings are low or mediocre for people with mediocre ability.

The paper proceeds as follows. Section 2 outlines a model in which occupa
tional choice is influenced by family background. Section 3 analyses the impli
cations of the model for the allocation of talent and for earnings patterns. The
fourth section uses the tools developed in sections 2 and 3 to address the question
in the title of the paper by analyzing the effects of two forms of redistribution,
solidarity wage policy, which redistributes within an occupation and progressive
taxation, which redistributes within and across occupations, on mobility and earn
ings patterns. Section 5 concludes.
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2. The Model

This section outlines a simple model of how young individuals, who are heteroge
neous both with regard to their endowment of abilities and with regard to their
family background, make occupational choices. The structure of the model is
inspired by Willis' (1986) version of the occupational choice model described in
Roy (1951). The Roy-model does not deal directly with intergenerational mo
bility. Instead it focuses on how occupational choice governed by comparative
ability advantages and on the implications of such choices on the distribution of
income and allocation of talent. We introduce uncertainty about ability into the
Roy-model. In order to capture that family background matters for occupational
choice, we assume that people can assess their ability to work in their parents'
occupation but that they are uncertain about how able they are to work in other,
unfamiliar, occupations. We shall see that the degree of risk aversion will be cru
cial for how uncertainty regarding ability affects occupational choices. Moderately
risk averse individuals may have so much to gain if they make it in the high return
occupation that mobility will tend increase with intraoccupational wage disper
sion and uncertainty. If risk aversion is strong enough, mobility will decrease with
intraoccupational wage dispersion since individuals are more anxious about the
risk than attracted by the potential gain.

2.1. Basic structure

This model attempts to capture how the occupational choice of an individual
is influenced by the occupation of the parents when the individual is better at
assessing his ability to work in the family occupation than at assessing his ability
to work in other occupations. We will think of individuals as young and as workers.
When they are young, individuals are supported by their parents. In working life
individuals live off their own earnings. In their youth, individuals choose a future
occupation. In order to abstract from inequality of opportunity we will assume
that all individuals receive the same amount of money from their parents and
that education is free. This implies that the individual's choice of occupation
does not influence the level of consumption as young. The individual chooses the
occupation which yields the highest expected working life utility.

Working life utility of an individual who chooses occupation i depends on the
level of consumption, Ci, that is achieved while working in occupation i. This level
of consumption may be subject to uncertainty because the individual cannot be
sure how well he will succeed in the chosen occupation. The individual cares
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about expected working life utility:

E [U(Ci)] U' > 0, U" < o. (2.1)

We assume that the utility function has constant relative risk aversion. The
coefficient for relative risk aversion is 'r and the higher is 'r the more risk averse
the individual:

1U(c) = __cI -1'. (2.2)
1-,

The individual influences his level of consumption as a worker through the
choice of occupation. Because we disregard savings, consumption as a worker is
determined by the wage earnings:

(2.3)

where earnings, Yi, in occupation i depend on the individual's endowment of the
occupation specific ability Ai. We define the value to the individual choosing
occupation i in terms of ability as the utility level achieved if the occupation is
chosen:

(2.4)

While the Roy-model assumes that each occupation requires a combination of
abilities, we assume that there is one ability specific to each occupation. For
simplicity, it is further assumed that there are only two occupations and two
abilities. We also assume that each individual is endowed with ability specific
to each occupation and that occupations differ precisely because they require
different abilities. Each individual j has ability A j

(2.5)

where Aij is individual j's endowment of ability specific to occupation i. In the
entire population of individuals, abilities are assumed to be joint log normally
distributed with the same mean and variance such that In Al and In A2 are joint
normally distributed with zero mean, unit variance and correlated with p. Log
normality implies that ability is always greater than zero and, furthermore, that
the ability distribution is skewed since there is no upper bound to ability. The nat
ural logarithm of ability, which will be used later in the analysis, is symmetrically
distributed around zero.
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We will make the simplifying assumption that the individual has full informa
tion about his endowment of the ability specific to his family occupation, but that
he faces uncertainty about his endowment of the ability specific to the unfamiliar
occupation. The individual thus forms a prior belief about the uncertain ability
based on knowledge about ability in the family occupation, knowledge about how
abilities are distributed in the population in general and on how abilities are corre
lated. For clarity, we denote the individual's family occupation, j and unfamiliar
occupation, u.

We define:
(2.6)

The individual thus forms a prior belief about au based on af and p. The prior
distribution for au is:

(2.7)

The standard deviation of the prior distribution is larger the closer to zero the
correlation between the two abilities.6

We follow Willis (1986) in assuming that earnings in occupation i take the
following form:

Ii = WiAfi i = j, u, (2.8)

where earnings, Ii, depend on the wage rate, Wi, on the individual's endowment
of occupation i specific ability Ai, and on the occupation specific parameter f3i
which determines the sensitivity to ability of earllings in occupation i. Henceforth,
A~i will be referred to as the individual's productivity in occupation i. Note that
productivity and earnings increase with ability sensitivity, f3i' if ability Ai, is
larger than one. If ability is less than one, increasing ability sensitivity is no good
for individual productivity. As an analogue to the Roy model, we can see that if
individuals are randomly assigned to occupations, the distribution of the natural
logarithm of earnings in each occupation i is: In Yi V"\ N(ln Wi, f3i). There is thus a
positive relation between the ability intensity of an occupation and the standard
deviation of earnings within the occupation. The actual distribution of earnings

6The density function of the conditional distribution f (au Iaf) is:
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within an occupation will, however, deviate from this because occupational choice
depend on ability and because individuals may differ in their occupational choices
simply because they are of different background.

We assume that the individual sticks to the family occupation if working life
value achieved in the family occupation is at least as high as the expected working
life value achieved in the unfamiliar occupation.

(2.9)

Using the utility function and the earnings function we can derive the value, V,
to the individual in terms of the known ability of choosing the family occupation
or the unfamiliar occupation. The value for an individual who chooses to stay in
the family occupation is:

Vf(Af ) = 1 ~ 'Y (WfAj!) l--y , (2.10)

while expected value if the individual should choose the unfamiliar occupation is:

(2.11)

-00

Developing the integral by making use of the conditional distribution of au, results
in the following expression for the expected value if the individual leaves the family
occupation:

(2.12)

where

(2.13)

eis related to the uncertainty involved in choosing the unfamiliar occupation.
Depending on the coefficient of relative risk aversion, 'Y, this risk related factor e
is smaller or greater than one. The individual's expected ability in occupation u
is Aj. The productivity associated with the expected ability is A~f3u, while the
expected productivity is:

(2.14)

7 See appendix
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These differ because of the uncertainty involved. Expected productivity is greater
than the productivity associated with the expected ability as long as there is
uncertainty about ability, i.e., as long as the correlation between abilities is not
perfect (I p 1= 1). The greater the uncertainty (the closer p is to zero) and the
greater is f3u, the more will the expected productivity exceed the productivity
at expected ability. This holds also for the relation between expected earnings
and earnings associated with expected ability. The reason behind this is that
productivity and earnings are convex in the natural logarithm of ability.

What about value? The value associated with the expected ability would be:

(2.15)

This value measure exceeds the expected value if eis smaller than one. This is
the case when risk aversion is strong, Le. if the coefficient of relative risk aversion
is larger than one. If risk aversion is moderate the expected value will exceed the
value associated with the expected ability.

2.2. The choice of occupation

The individual chooses to stay in the family occupation if the value of doing so
is at least as high as the expected value of choosing the unfamiliar occupation.
We can thus combine (2.9), (2.10) and (2.12) to derive the following condition for
when the individual chooses the family occupation:

(2.16)

The condition is satisfied when

(2.17)

where we have used the fact that af ==In Af . We will henceforth refer to a as
ability.

Condition (2.17) tells us that the individual's choice of occupation depends on
the difference in productivity at expected ability (the left hand side), the difference
in wage rates and the last term on the right hand side which captures how the
value of the unfamiliar occupation is affected by the uncertainty involved. The
size of the last term on the right hand side, the risk factor, depends the degree
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of risk aversion. The more the individual cares about risk, the greater the risk
factor. The sign of this risk factor is positive or negative depending on the degree
of risk aversion. If risk aversion is strong, I > 1, the risk factor is negative,
implying that the individual will demand a higher wage to compensate for the
risk in order to choose the unfamiliar occupation if the return to expected ability
is the same in both occupations. If risk aversion is moderate, I < 1, the risk
factor is positive. The reason for this is that strong risk aversion is enough to
curb the convexity of the earnings function with respect to ability and render the
expected value concave in ability. With moderate risk aversion, the convexity of
the earnings function is not dominated by the concavity of the utility function
and expected value is thus convex in ability.8 The risk factor also depends on how
informative the known ability af is about the uncertain ability au. The stronger
the correlation the less uncertain is au and the smaller is the risk factor. The
sensitivity to ability of the unfamiliar occupation also affects the size of the risk
factor.

The condition implies that if the productivity difference is positive for positive
ability, i.e. the family occupation is perceived to be more ability sensitive than
the unfamiliar, individuals above a certain ability level will stick to the family
occupation. If the unfamiliar occupation is perceived to be more ability sensitive,
individuals below a certain ability level will stay in the family occupation. In
general, the occupation which is perceived as more ability sensitive will attract
the most able people. We define a cut off ability, a*, for which expected value is
the same in both occupations:9

(2.18)

When analyzing the determinants and consequences of the individual's choice
to stay in or leave the family occupation, three states can be distinguished based
on the sign of the denominator in 2.18, i.e. depending on which occupation the
individual perceives to be most sensitive to ability. Figure 2.1 illustrates these
states and shows how the difference in perceived ability sensitivity between the
two occupations relates to the true difference in ability intensity.

8This result regarding the sign of the risk premium is analogous to the discussion in Caballero
(1991) regarding the sign of the investment - uncertainty relationship.

9Remember that the individual chooses the family occupation if expected utility is the same
in both occupations.
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Figure 2.1: States

p

A: State 1, !!t- Pu > o.
B: State 1, 1-Pu < 0 and 4- PPu > o.
c: State 2, fit -PPu < o. State 3, Pi = PPu •

State 1: The individual sticks to the family occupation if his f-ability is at least
as high as the cut off ability:

(2.19)

(2.20)a* ~ 0 if

The family occupation is perceived to be the more sensitive to the known ability,
(3f - p(3u > O. This implies that earnings at the expected ability are higher in the
family occupation, provided that ability is above average (af > 0).

The cut off ability is positive or negative i.e. above or below average ability,
depending on the wage rates in the two occupations and depending on the risk
factor:

State 2: The individual stays in the family occupation if his f -ability is smaller
than or equal to the cut off ability:

The perceived sensitivity of earnings to f-ability is higher in the unfamiliar occu
pation, (3f - pf3u < o. This condition can only be satisfied for positive correlation
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(2.21)a* ~ 0 if

between abilities. Again the level of the cut off ability depends on wage rates and
risk factor.

State 3: In State 3, both occupations are perceived as equally sensitive to abil
ity, {3f - p{3u = o. Ability will thus not matter for occupational choice. This last
case is relevant only when abilities are positively correlated. Occupational choice
depends only on the relative wage and on the risk premium. The individual sticks
to the family occupation if

(2.22)

The individual will require a lowerjhigher wage in the family occupation to
convince him to stay, depending on the coefficient of relative risk aversion. If
the individual is very risk averse, 'Y > 1, the individual demands a risk premium
in order to choose the unfamiliar occupation. If the individual is less risk averse,
'Y < 0, the individual demands a premium in order to stay in the family occupation.

The more risk averse the individual, i.e. the higher is 'Y, the lower is the
premium the individual asks in order to stay in the family occupation. When
'Y exceeds one, the premium is negative. The higher is {3u the higher are the
potential gains of opting for the uncertain occupation and, thus, the higher the
premium demanded in order to stay in the family occupation, provided that the
coefficient for relative risk aversion does not exceed one. If 'Y exceeds one, the risk
premium is negative since the individual is so risk averse that the negative impact
on expected value of risk out weighs the positive effect of higher expected earnings
in the uncertain occupation. Increasing {3u' further increases the risk, and thus
makes the negative premium larger in size. The more closely correlated the two
abilities, the smaller the absolute size of the premium, since closer correlation
implies that there is less uncertainty.

3. Talent Allocation and Earnings Patterns

3.1. The allocation of talent

The allocation of talent of individuals with the same family background, but dif
ferent attitudes toward risk when the States 1 and 2 prevail are depicted in Figures
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Figure 3.1: State 1

a
a) y> 1 b) y < 1

*a

3.1 and 3.2 respectively. The figures are based on the assumption that ability is
not correlated across generations, i.e. the distribution of ability is independent of
family background. For simplicity it has also been assumed that the wage rate is
the same in both occupations although it may be more realistic to assume that
wage rates are higher in more ability sensitive occupations.

Figure 3.1a depicts a situation where risk aversion is strong and the family
occupation is perceived to be more ability sensitive. This implies that the risk
factor, ~, is negative, Le. the individual needs compensation in order to opt for
the uncertain alternative. A majority will thus stick to the family occupation.
Only those who have very low aptitude for the family occupation will have higher
expected utility in the unfamiliar occupation. The reason for this is that the
prospects in the family occupation are so poor that the chance of having higher
ability in the unfamiliar occupation will make it worthwhile to take the chance.

Figure 3.1b shows the situation where individuals are moderately risk averse
and the family occupation is perceived to be more ability sensitive. In this case,
the risk factor, ~, is positive and when the wage is the same in both occupations,
most people will find it worthwhile to venture into the unfamiliar occupation.
Only those who are very good at their family occupation will stick to it since
their chances of doing even better in the unfamiliar occupation are so small.

Figure 3.2a depicts a situation with strong risk aversion and higher perceived
ability sensitivity in the unfamiliar occupation. Most people will stick to the
safe family occupation. Only those who think they will have very high ability
in the unfamiliar occupation (remember State 2 can only prevail when ability
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Figure 3.2: State 2

a

a) y> 1

*a

b) y< 1

correlation is positive) will dare to opt for the unfamiliar occupation where they
will get higher returns to their talent.

Figure 3.2b shows a situation where risk aversion is moderate and ability
sensitivity is higher in the unfamiliar occupation. Because there is much to gain
by opting for the unfamiliar occupation, most people will try their luck. Only for
those who have very low ability in the family occupation will the risk of having
equally low or even worse ability in the unfamiliar occupation be so high that
they rather stick to the safe family occupation.

If the assumption of equal wage rates in both occupations is relaxed the picture
gets more complex. It can be argued that occupations where ability matters more
will also have higher wage rate. In the context of the model this means that,
{3f ~ {3u would imply that WI ~ Wu. The diagram in Figure 2.1 illustrates three
situations. If {3f > {3u' the region marked A, the wage in the family occupation
exceeds the wage in the unfamiliar occupation and the individual is in State 1.
When {3f < {3u, and {3f > p{3u, the region marked B, the wage in the unfamiliar
occupation exceeds the wage in the family occupation, but the same State prevails.
In the region marked C, {3f < {3u, the wage in the unfamiliar occupation exceeds
the wage in the family occupation and the individual is in state 2.

In A, the talent allocation in Figure 3.1a will not be altered qualitatively.
An even greater majority will, however, opt for the family occupation. With
moderate risk aversion, the higher wage in the family occupation compensates for
the premium asked in order to stay in the family occupation. If the wage in the
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family occupation is high enough the cut off ability in Figure 3.1b may be pushed
so much to the left that a majority decides to opt for the family occupation.
In B, the talent allocations in Figure 3.1 will be affected in the opposite way.
With strong risk aversion, a high enough wage in the unfamiliar occupation will
convince a majority to opt for the unfamiliar occupation (i.e. make the cut off
ability positive). With moderate risk aversion, even fewer will stick to the family
occupation if the wage in the unfamiliar occupation exceeds the wage in the family
occupation.

In C, a high enough wage in the unfamiliar occupation will convince a majority
to opt for the unfamiliar occupation, even if risk aversion is strong. The cut off
ability will thus become negative in Figure 3.2a. The allocation illustrated in
Figure 3.2b would however not change qualitatively.

3.2. Implications for earnings patterns

In this section we shall analyze the effects of talent allocation on the earnings
patterns within occupations. In order to do so we will need to consider the
occupational choices of individuals with different family background. It will thus
no longer be convenient to discuss occupations in terms of family and unfamiliar
occupatioll. Instead we shall call the occupations h (high) and l (low), where
{3h ~ {31· We will assume, for simplicity, that the wage rates are equal in both
occupations. Depending on the ability sensitivity of the two occupations and on
the correlation between abilities, the individuals with family background in the
respective occupations will be in States 1 or 2. We will refer to people with family
background ill the high return occupation, h, as h-people and people with family
background in the low return occupation, l, as l-people.

We need to consider two types of situations depending on which states prevail.
These are illustrated in Figure 3.3 for positive ability correlations. When ability
correlation is negative, individuals are in State 1 regardless of family background.
As shown above, the allocation of talent depends crucially on the degree of risk
aversion. We will focus on the case where both types of people are either strongly
risk averse or moderately risk averse.

3.2.1. Situation 1: Occupations are similar: horizontal mobility

When the occupations are relatively similar in terms of return to ability and in
terms of the nature of ability required (ability correlation is positive), the mobility
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Figure 3.3: Situations

PI

Ph
1: Both h-people and i-people are in State 1.
2: h-people are in State 1 and i-people are in State 2.

that takes place can be thought of as horizontal mobility.
When the return to ability is fairly similar in the two occupations (or when

ability correlation is negative), strong risk aversion implies that in both occu
pations the few who are newcomers will be those who have low ability for their
family occupations. With positive ability correlation, this means that newcomers
into an occupation will on average earn less than those with a background in the
occupation. If ability correlation is negative, the new comers on average earn
more.

Figure 3.4: Horizontal mobility: strong risk aversion

*a

h-people state 1, y > 1
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I-people state 1, y > 1



Figure 3.5: Horizontal mobility: moderate risk aversion

*a

h-people state 1, Y<1

*a

I-people state 1, y <1

Figure 3.6: Vertical mobility: strong risk aversion

*a

h-people state 1, y > 1

*a

I-people state 2, y >1

When return to ability is fairly similar (or ability correlation is negative) and
risk aversion is moderate. Mobility will be high. However, the same kind of
earnings pattern as with strong risk aversion will prevaiL

3.2.2. Situation 2: Occupations are different: vertical mobility

When the return to ability is sufficiently much higher in one occupation than in
the other, we call the mobility that takes place vertical mobility. Here we assume
occupation h is more ability sensitive than occupation l.

When risk aversion is strong, the few l-people who venture upward into occu
pation h will be very able and thus earn more on average than the h-people who
stayed in their family occupation. The rare few h-people who choose occupation
l will be low ability people and they will therefore earn less than the l-people who
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Figure 3.7: Vertical mobility: moderate risk aversion

*a

h-people state 1, y <1

*a

I-people state 2, y < 1

choose to stay in occupation l.
When the return to ability is sufficiently much higher in occupation h than

in occupation I, and when risk aversion is moderate, the majority of the I-people
will venture into occupation h and only the most brilliant of the h-people will
stay in their family occupation. The result is that the h-people who choose to
stay in their family occupation will on average earn more than the newcomers.
In occupation I only the least able of the I-people will remain. The large group
of h-people who opt for occupation l will thus on average earn more than the l
people who stay in their family occupation.

So far we have assumed that people have the same degree of risk aversion
regardless of family background. If instead we assume that people from well to do
background, i.e. from high wage, ability sensitive background are moderately risk
averse while people from low ability sensitive background are strongly risk averse,
the pattern of vertical mobility and earnings is altered. Depending on how much
higher (if at all) the wage rate is in the ability sensitive occupation, people would
tend to be more or less mobile. The larger the wage difference, the lower the
mobility of the high sensitivity background people and the higher the mobility of
the low sensitivity background people. Whether newcomers or those with family
background in the occupation will earn the most on average also depends on the
wage difference and on the degrees of risk aversion.
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4. Mobility, Earnings Patterns and Changes in the Incen
tive Structure

This section analyses how mobility and earnings patterns of people from different
background are affected by policies that change the incentive structure. Although
the model has not so far allowed for government policy or institutional changes,
we will interpret parameter changes in terms of increased or reduced wage com
pression resulting from more or less solidarity wage pOlicylO and introduce a more
or less progressive redistributive welfare system. A reduction in the sensitivity of
earnings to ability, (3, in an occupation will be regarded as an effect of increased
solidarity wage policy since it implies a change in the direction of "equal job equal
pay" , regardless of productivity. Increasing the progressiveness of the redistribu
tive system is defined as a simultaneous proportional reduction of sensitivity of
earnings to ability in both occupations in combination with a reduction in wage
rates leading toward equalization of wage rates.

The effects on mobility and earnings patterns of changes in the incentive struc
ture will depend on where the economy starts out. We will compare effects of
more or less solidarity wage policy and more or less progressive redistributive in
the following situations:

1 wages are equal, return to ability is similar.
2 wages are equal, return to ability different.
3 wage is higher in high return occupation, returns to ability are different.

We continue to refer to the occupations as h (high) and l (low), where (3h > (3l
The results in this section are based on an analysis of the comparative stat-

ics of cut-off ability of people with hand l background with respect to (3hand
(3l. Reducing the (3 in an occupation represents an introduction of more solidarity
wage policy into the occupation. We will also experiment with a progressive redis
tributive system in the whole economy by assuming that the disposable earnings
function in occupation i takes the following form

and the average tax rate T

yd = yl-t 0 <_ t < 1,
1. 1.'

r:d
-tT=1--=1-YYi 1. ,

(4.1)

(4.2)

lOSee e.g. Edin and Holmlund (1993) for a critical discussion of solidarity wage policy as the
cause behind Swedish wage compression.
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IS Increasing in earnings. The larger is t, the more progressive the tax system.
Figure 4.1 illustrates the experiments to be analyzed.

Figure 4.1: Earnings as a function of ability

a
Yj =Eamings in occupation i, Yjs = Earnings in occupation i under solidarity wage
policy, Y/ = Earnings in occupation i with redistributive welfare system,
h=high retunl occupation, l=low return occupation.

If we introduce taxation into the model, we can derive cut off ability:

(4.3)

The derivatives with respect to the incentive structure parameters are:

(4.6)

(4.4)

oai
ot

8a; in (~) + (1- t) (1 - p2) (1 - 'Y) ~

O{3i ({3i - p{3j) 2

8a; (1- t)(l- p2)(1- ,),Bj ill (~) + (1- t) (1- p2) (1- 'Y)~
8,Bj = (,Bi - p,Bj) + P (,Bi _ p,Bj) 2 , (4.5)

{32
(1 - p2) (1 - 1') -f

({3i - pf3j)
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The effects on occupational choices of solidarity wage policy depend both
on the attitude toward risk and on the ability of the individual. In general,
disregarding uncertainty, a reduction in the sensitivity of earnings to ability makes
an occupation more attractive to an individual with l1egative ability and less
attractive to an individual with above zero ability. Uncertainty about ability will,
however, affect the individual's reaction to changes in the sensitivity of earnings
ability in the unfamiliar occupation. The ability level at which the individual
finds that a reduction in ability sensitivity makes the unfamiliar occupation more
or less attractive may thus differ from zero. If risk aversion is strong, a reduction
in ability sensitivity of the unfamiliar occupation will make that occupation more
attractive also for moderately positive abilities because the reduction in return to
expected ability is compensated for by the reduction in risk. If risk aversion is
moderate, however, a reduction in ability sensitivity of the unfamiliar occupation
makes that occupation less attractive for individuals with moderately l1egative
ability because the reduction in risk does not compensate for the substantial
loss in terms of expected earnings. In other words, the effect of solidarity wage
policies on the mobility of people with different background will thus depend on
the position of the cut off abilities. The position of the cut off abilities is, as we
have seen, in turn determined by the degree of risk aversion, the relative wages
and the difference in perceived sensitivity to ability.

A general feature is that for given parameter values, the cut-off abilities as
sociated with equality of wage rates between occupations define the maximum
mobility of h-people and the minimum mobility of l-people, given the assump
tion that Wh ~ Wi.

4.1. Introducing solidarity wage policy in the low return occupation.

Strong risk aversion With strong risk aversion, solidarity wage policy in the
low return occupation will increase the mobility of the h-people since the marginal
h-individual, who has low ability for the h-occupation, will find the low return
occupation more attractive due to the reduction in uncertainty.

If the return to ability is sufficiently similar in both occupations, both h- and
l-people will regard their family occupations as the most ability sensitive. Strong
risk aversion then implies that only the least able of the l-people choose the unfa
miliar occupation unless the wage is very much higher in the other occupation.11

The marginall-individual will thus have below zero ability and a reduction in the

11 and this is perhaps not so likely if the occupations are very similar.
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ability sensitivity of the l-occupation will, therefore, make that occupation more
attractive. Hence, mobility declines even further. Within each occupation, aver
age earnings will initially tend to be higher for those with family background in
the occupation. Solidarity wage policy in the low return occupation will make av
erage earnings of people from different background more equal in the l-occupation,
but more unequal in the h-occupation.

If, on the other hand, the occupations are sufficiently different so that people
of both backgrounds agree that the h-occupation is more ability sensitive, the
most able of the l-people will opt for the h-occupation. The cut-off ability will be
positive (and hence, mobility low) provided that the wage in the h-occupation is
not sufficiently high. With positive cut-off ability, the marginal individual will find
the l-occupation less attractive if its ability sensitivity decreases and mobility will
therefore increase. With a negative cut-off ability (and high mobility) mobility will
decrease. In this case, l-people will initially earn more on average than h-people
in both occupations. Unless wages are very different (in which case effects are
unclear because average earnings increase for all groups), background differences
in average earnings will become smaller in both occupations.

Moderate risk aversion With moderate risk aversion the mobility of the h
people will be high because only the most able of the h-people will choose to
stay in their family occupation unless the h-wage is very high. Solidarity wage
policy in the l-occupation will thus make the l-occupation less attractive and
reduce mobility of the h-people. If the wage is sufficiently much higher in the h
occupation, cut-off ability will, however, be so low that reduced ability sensitivity
in the l-occupation makes it attractive to leave the family occupation.

In a situation when the occupations are relatively similar, a minority, and only
the most able of the l-people will choose to stay in their family occupation when
risk aversion is moderate. The marginal individual will thus find that reduced
ability sensitivity in the family occupation makes it less attractive and mobility
will, therefore, increase as a result of solidarity wage policy in the l-occupation.
When returns to ability are similar, the between background comparison of aver
age earnings favor those who have stayed in their family occupation also in the
case with moderate risk aversion. Solidarity wage policy in the low return occupa
tion will, however, reduce between group earnings differences in the h-occupation
and enhance differences in the l-occupation when wages are not too different. If
wage differences are large, effects are unclear because average earnings increase
for all groups.
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If, however, the occupations are different and the l-people agree that the h
occupation is the more ability sensitive, it will still be the case that a majority opts
for the h-occupation, but now those who choose to stay in the family occupation
are the least able. Because cut-off ability is negative the marginal individual
will benefit from a reduction in ability sensitivity and mobility will, therefore,
decrease. If occupations are sufficiently different and risk aversion is moderate,
average earnings in both occupations will be higher for h-people than for l-people.
Solidarity wage policy in the low return occupation will tend to reduce between
group earnings differences unless wages are very different in which case the effects
are unclear, again because average earnings increase for all groups.

4.2. Introducing solidarity wage policy in the high return occupation.

Strong risk aversion When risk aversion is strong, a majority of the h-people
will stick to their family occupation and cut off ability will thus be negative. This
implies that reducing the sensitivity to ability in the h-occupation makes it more
attractive to the marginal h-individual. Mobility therefore decreases.

If the occupations are similar so that the l-people perceive their family occu
pation to be the more ability intensive, the most able of the l-people will choose
to stay in their family occupation. Unless the wage is sufficiently much higher
in the h-occupation, the cut off ability will be low enough to make the marginal
l-individual find the h-occupation more attractive as a result of reduced sensitiv
ity to ability in that occupation. Hence, with strong risk aversion, mobility will
increase. If, however, the wage is sufficiently high in the h-occupation,12 mobility
will decrease because the rare few who choose to stay in the l-occupation are so
able that they will not bel1efit from reduced ability intensity. As mentioned above,
when occupations are similar, average earnings in an occupation are higher for
people who have stayed in the family occupation. Solidarity wage policy in the
high return occupation will make between group earnings differences larger in the
l-occupation and smaller in the h-occupation.

In the case when occupations are different enough to make people of both
background agree that the h-occupation is more ability sensitive, the most able of
the l-people will choose the h-occupation. If the ability sensitivity is sufficiently
much higher in the h-occupation while the h-wage is only moderately higher than
the l-wage, the mobility of the l-people will decrease as a result of reduced ability
sensitivity in the h-occupation, otherwise mobility will increase. If occupations

12This may not be likely given that the occupations are similar.
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are different, average earnings decline irrespective of background and occupational
choice. The effect on between group earnings differences is thus unclear. If,
however, the ability sensitivity is very much higher in the h-occupation while
wages are not too different, between group earnings differences will increase.

Moderate risk aversion Thrning to a situation when risk aversion is moderate
we find that the mobility of the h-people will depend on how much the h-wage
exceeds the l-wage. When wages are the same or when h-wage is moderately
higher, the cut-off ability is positive and, hence, reducing the ability sensitivity
in the family occupation will make the h-people more mobile. If the h-wage
is sufficiently high, cut-off ability is negative and mobility will decrease since the
reduced ability sensitivity makes the h-occupation more attractive to the marginal
h-individual.

When the occupations are fairly similar, a minority and the most able of the l
people will chose the low return occupation. Cut-off ability is positive and, hence,
a reduction in the ability sensitivity of the h-occupation will reduce mobility of the
l-people. Solidarity wage policy in the h-occupation will make average earnings
differences across people from different background smaller in the I-occupation
and larger in the h-occupation unless wages are very different. 13

If occupations are different enough for people of both backgrounds to view the
h-occupation as the more ability intensive, a majority and the most able of the I
people will choose the h-occupation. As in the situation with strong risk aversion,
mobility of the I-people will increase as a result of reduced ability sensitivity in
the h-occupation. 14 When people of both backgrounds regard the h-occupation
as the more ability intensive and when wages are similar, h-people will earn more
on average in both occupations than I-people. If wages are not too different (and
the difference in ability sensitivity not too large), solidarity wage policy in the
h-occupation will enhance background differences in average earnings. If wages
are sufficiently different, average earnings decrease for all groups.

4.3. Increasing the progressiveness of the tax system

Raising t has the same effect on mobility whether the returns to ability are simi
lar or not. There will be a reduction of mobility of both l- and h-people who are

13In which case average earnings decrease regardless of background and occupational choice.
14 This is the case unless the ability sensitivity is sufficiently much higher in the h-occupation

while the h-wage is only moderatly higher than the i-wage.
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moderately risk averse while strongly risk averse people will become more mobile,
regardless of background. Regardless of attitude toward risk, background related
earnings differences in both occupation will be reduced provided that the occupa
tions are different enough. If the occupations are similar average earnings increase
for all groups if risk aversion is strong and decrease for all groups if risk aversion
is moderate. Thus, when occupations are similar, effects on average earnings of
people from different background are not clear.

4.4. Demand and supply effects on talent allocation and mobility

So far we have not at all considered equilibrium effects of supply and demand
for workers in the different occupations. If we assume a well functioning labor
market where wages are set such that the labor market clears, the analysis is
fairly straight forward. First, we should consider a situation where there for
some reason, technological change, migration or other, is a shift in the supply or
demand for one occupation. If such a shift leads to an increase or decrease in the
relative wage in an occupation, people will, regardless of background, to a larger
extent choose the occupation with the increased relative wage. People of different
background will, however, not react equally much. The reason being that the
effects on cut off abilities differ, as well as do the initial cut off abilities. Second,
if markets are to clear, the type of policies discussed in the previous section which
affect the total number of people choosing an occupation will also affect wage
rates.

To give an example of what would happen in the case of a positive demand shift
in one occupation or in the case of a policy shifting people out of an occupation,
consider the following. If the wage in occupation j increases as a result of a
increased demand for people in occupation j (or as a result of a policy that had
shifted people out of occupation j), cut off abilities of both j and i-people will be
affected. 15

Increasing Wj always make j-people less mobile and i-people more mobile.
Depending on the initial cut off abilities, average earnings of people of different
background will become more or less different.

15The derivatives ofthe cut off abilities are respectivelY:~ = -w;(f3:-Pf3i) ~ 0 if /3j -P/3i ~ 0

and ~af)(X·. =(/ (3) ~ 0 if /3i - p/3j ~ O.
W J W J i-P j
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5. Conclusions and Discussion

We have analyzed the role of family background for occupational choice and the
implications for intergenerational mobility of changes in the i11centive structure.
Our analysis sheds light on the recent Swedish debate about the importance of
economic incentives for educational and occupational choices of children from
different social background. The results show that policy makers interested in
equality of opportunity, need to carefully consider the incentive effects of redis
tributive policies. We show that even if occupational choices are free in the sense
that human capital investments are costless, uncertainty about ability to make it
in an unfamiliar occupation is enough to make family background influence talent
allocation and earnings. Therefore, equality of outcome in the parent generation
or free education do not guarantee that there will be equality of opportunity in
the young generation.

We can further conclude that there is no simple answer to the question posed
in the title of this paper: Does wage equality nail the cobbler to his last? Thus,
our analysis provides no whole hearted support for increased wage dispersion as a
means to increase the efficiency of the talent allocation through improved mobility.
Whether there is a trade off between redistributive policies and intergenerational
mobility depends on a number of factors.

In general, we find that upward mobility increases with the size of the wage
gap between occupations, regardless of risk aversion. Total mobility, however,
depends on the degree of risk aversion. Total mobility is higher if wage differences
are large between different occupations than if wages are equal when risk aversion
is strong, but if risk aversion is moderate, total mobility is highest when the wage
gap between occupations is small.

In the analysis of the effects of redistribution, we looked at two forms of soli
darity wage policy, a) wage compression in the low returns to ability occupation
and b) wage compression in the high returns to ability occupation. We also an
alyzed the effects of a welfare system which redistributes both within and across
occupations at the same time.

We find that wage compression in the low returns to ability occupation leads
to increases in upward as well as total mobility provided that risk aversion is
strong and wage rates are not too different. The reason for this is that wage
compression in the low return occupation makes the low return occupation less
attractive to the marginal individual with family background in the low return
occupation because their ability is above average. Wage compression thus reduces
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their productivity in the low return occupation. If the marginal individual with
background in the high returns to ability occupation has below average ability,
wage compression in the low return occupation makes it more attractive to be
mobile.

If risk aversion is moderate, compressing earnings in the low return occupation
always reduces upward mobility. It is also the case that total mobility is reduced
provided wage rates are similar. The reason for this reduced mobility is that when
the marginal individual has below average ability, as is the case for people with low
returns to ability background and moderate risk aversion, a compression of wages
in the low returns to ability occupation makes it more attractive to stick to the low
returns to ability occupation. When the marginal individual with background in
the high returns to ability occupation has above average ability, wage compression
in the low returns to ability occupation will make it more attractive to stick to
the high returns to ability occupation.

A compression of wages in the high return occupation increases upward mo
bility regardless of risk aversion if occupations differ sufficiently in terms of wage
rates. The reason for this is that due the large wage difference also below average
ability people choose the high return occupation. A reduction in ability sensitivity
will therefore make the high return occupation more attractive to the marginal
individual. If, however, wage rates are similar and ability sensitivities differ a lot,
upward mobility will decline if wages in the high returns to ability occupation
are compressed. This result implies that an increase in the sensitivity of earnings
to ability in an occupation which is already very ability sensitive and in which
earnings are mediocre for the mediocre talent, will attract upward mobility into
the occupation. The effects on total mobility of wage compression in the high
return occupation are, in general, ambiguous.

The effects on mobility of a redistributive welfare system are nlore straight
forward. If risk aversion is moderate, people become less mobile with the intro
duction of a redistributive welfare system because there will be less to gain by
taking chances and hoping for high ability to work in the unfamiliar occupation.
If risk aversion is strong, people become more mobile since the welfare system
acts as an insurance against bad outcomes if the unfamiliar occupation is chosen.

In summary, the results in this paper imply that increased wage dispersion
between occupations is positive for upward mobility, although not necessarily
for total mobility. Increased wage dispersion within occupations, on the other
hand, does not necessarily increase upward mobility. Increased wage dispersion
within the high return occupations will result in less upward mobility, except into
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extreme return occupations like golf or tennis. Increased wage dispersion in the
low return occupation, will however, act as a push effect on people and increase
upward mobility if people are moderately risk averse or if they are strongly risk
averse and the wage in the high return occupation is sufficiently much higher than
in the low return occupation.
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A. Appendix

A.I. The expected value in the unfamiliar occupation

The expected value in the unfamiliar occupation is:
00

E [Vu] = 1 ~ T J(wuAeu )1-'1 f(au Iat )dauo
-00

(A.I)

Given the utility function and the conditional distribution function we have:

Because (A~u)l-, = exp{(1- 'Y),Buau} we can write the integral:

(A.3)

-00

Separating out terms which do not contain the integrand we can write the integral:

We can complete the square in the second exponent by multiplying and dividing
by exp { -[(1-p2);~~~ul±paf12} in the second and first exponent respectively:

(A.5)

(A.6)
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Moving the first exponent out of the integral gives us:

(A.7)

We can now use the fact that 1 Joo exp { -(au+[(1-p2)(1-~){3u±paf])2 } da
J21r(1-p2) -00 2(1-p2) U

is the integral of a normal distribution with mean [(1 - p2)(1 - l'),8u+paf] and
variance (1 - p2). The integral from -00 to 00 of a normal distribution is always
equal to one. This gives us:

(A.B)

which we can rewrite as:

(A.9)
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Essay 3

Occupational Choice and Family Background
in Sweden

1. Introduction

A positive correlation between the earnings of parents and off spring has emerged
as one of the "stylized facts" in empirical labor economics. Recent research,
surveyed in Solon (1998), has estimated this correlation to ranging between 0.2
and 0.5. 1 Despite new and improved techniques to measure intergenerational
earnings correlations, Solon concludes that "we remain fairly ignorant about the
causal processes underlying the intergenerational transmission of earnings" .

The traditional human capital approach to intergenerational transmission of
earnings capacity and economic status formulated in Becker and Tomes (1979,
1986), offers at least two explanations for the observed intergenerational earnings
correlations. The first, and most emphasized, is access to capital for human cap
ital investments. A second explanation is that off spring's endowment or ability
to earn an income (apart from the human capital one can accumulate through in
vestments) is influenced by the parents. Ability is partly genetically transmitted,
partly learned and influenced through upbringing, e.g. individual ability is influ-

°Comments from John Dagsvik, Tore Ellingsen and Marten Palme have greatly improved
this paper. Sune Karlsson's help with the estimations has been invaluable.

1See e.g. Bjorklund and Jantti (1997) and Mulligan (1997).



enced by externalities from the parent's human capital and abilities. The result
that various measures of socioeconomic background enter significantly into wage
equations when schooling has been controlled for can be interpreted as support
for this second explanation for transmission of earnings capacity.2

This paper attempts to extend the insights from human capital theory by
investigating how family background influences the importance people place on
economic incentives when making educational and occupational choices. As a
point of departure for our investigation we take an empirical regularity which is
well known in the sociological literature, namely that children tend to end up
in occupations not too distant from their parents'. This pattern is illustrated in
Table 1, which presents a transition matrix of occupations of father and offspring
compiled from data from the Swedish Level of Living Survey (1991).3

Apart from rejecting that the occupational distributions of fathers and off
spring are independent, the transition matrix brings out an interesting pattern of
intergenerational occupational mobility, or immobility across occupational groups.
Among individuals working in the first four occupations, there is an over represen
tation of individuals with a background in any of these occupations as is indicated
by the bold face figures. There is a similar tendency among the other occupa
tions although much weaker. The pattern is broken by people with background
in transport and communications and in services. If we are to explain the overall
pattern, it is tempting to bring forth that the first four occupations have in com
mon that they are largely white-collar professions. The other occupations are to
a large extent blue-collar professions although there are exceptions such as pilots,
navigators and flight engineers in the transport and communications occupation
and military and police officers in the service occupation.

2See Haveman and Wolfe (1995) for a survey of studies.
3 See section 4 for a description of the data set as well as the selections made for this study.
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Table1:
Transition matrix: father's occupation (down)

vs individual's occupation (across)

N of
prof soc adm sale agr trans prod serv f's

prof 154 87 101 46 10 19 73 33 523
(87.4) (81.8) (94.3) (38.6) (17) (36.9) (113.1) (54)

soc 10 11 12 7 0 1 7 7 55
(9.2) (8.6) (9.9) (4.1) (1.8) (3.9) (11.9) (5.7)

adm 73 50 78 30 2 15 42 23 313
(52.3) (48.9) (56.4) (23.1) (10.2) (22.1) (67.7) (32.3)

sale 49 35 70 46 5 18 40 24 287
(47.9) (44.9) (51.8) (21.2) (9.3) (20.2) (62.0) (29.6)

agr 107 128 115 43 86 56 189 104 828
(138.3) (129.5) (149.3) (61.1) (26.9) (58.4) (179) (85.5)

trans 52 60 66 23 8 52 66 41 368
(61.5) (57.5) (66.4) (27.2) (12) (25.9) (79.6) (38)

prod 222 227 255 98 23 120 434 160 1539
(257.1) (240.7) (277.6) (113.6) (50) (108.5) (332.7) (158.9)

serv 28 41 50 12 3 6 36 29 205
(34.2) (32.1) (37) (15.1) (6.7) (14.4) (44.3) (21.2)

other 9 20 13 6 0 10 24 14 96
(16) (15) (17.3) (7.1) (3.1) (6.8) (20.8) (9.9)

N of
ind's 704 659 760 311 137 297 911 435 4214

prof=professional, soc=social/medical,adm=administrative, sale=sales, trans=
transport and communication, prod=production, serv=services, f's=fathers.
Figures in brackets indicate expected number in the category, given row-column
independence. Bold figures indicate over representation in the category. x2-test
of row-column independence: X2= 440.4. Independence rejected at P= 0.00.
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The tendency of choosing occupations not too distant from that of the father
does not find its explanation in traditional human capital models of mobility.
Hence, in order to address the issue of how occupational choice influences mo
bility and the transmission of earnings we need to extend earlier models. The
model of educational investments and occupational choice presented in this paper
extends earlier models by introducing occupation specific ability, inspired by Roy
(1951), and by assuming that there is ability uncertainty. The model allows family
background to influence educational and occupational choice in three ways: the
economic resources available for human capital investments, differences in costs
of schooling due to imperfect capital markets or information costs, and family
background related uncertainty about individual ability to work and succeed in
different occupations. The first two mechanisms are present in traditional hu
man capital models. The third mechanism, which extends the traditional human
capital approach, suggests that since individuals do not have perfect information
about their ability for various occupations and because it is likely that ability
uncertainty is greater when considering distant occupations, risk averse individ
uals will be more reluctant to choose distant occupations than familiar ones.
The theoretical model generates a number of testable implications for how family
background may influence the valuation of economic incentives under different
assumptions regarding risk aversion.

In the second part of this study, data from the Swedish Level of Living Survey
(LNU 1991) is used to estimate a mixed multinominallogit (MMNL) model of
how occupational choices of people from different family background are deter
mined by economic incentives, such as earnings prospects, earnings dispersion,
return to education and return to experience. Although the focus of the paper
is on the influences of family background on the occupational choice, our empiri
cal approach is inspired by previous empirical studies of occupational choice, e.g.
Boskin (1974), Robertson and Symons (1990), Orazem and Mattila (1991), and
Flyer (1997). While these studies ignore completely or include rough measures
of ability, our study recognizes explicitly the lack of observed occupation specific
ability measures as an important source of unobserved heterogeneity. The mixed
multinominal logit (MMNL) estimation method, discussed thoroughly in McFad
den and Thain (1997), enables us to take into account that we cannot observe all
factors that influence occupational choice by introducing a random element in the
estimated coefficients.

This study finds empirical evidence for tllat both occupational and educational
background influence how people react to incentives when they make occupational
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choices. We also find that people are more sensitive to economic incentives and
reluctant to take chances when considering unfamiliar occupations. In line with
the predictions of our theoretical model, assuming strong risk aversion, our results
indicate that less well off children are more sensitive to economic incentives than
are rich children. Return to education is of greater importance for people from
less well off or blue collar background, while people with educated parents tend
to go for occupations requiring long educations, caring less about the actual re
turns to education. Furthermore, while less well off children tend to dislike wage
dispersion, wage dispersion is actually regarded as positive by individuals with
university educated parents and rather unimportant by individuals with white
collar parents. We also find that it is important to consider heterogeneity with
regard to preferences and unobserved factors affecting the returns to occupations
in the estimation of the modeL

The paper is organized as follows. In section 2, we briefly review implications
for family background effects on occupational choice that can be drawn from
a human capital approach to occupational choice and intergenerational mobility.
Furthermore, we outline a simple model of occupational choice. Section 3 presents
the empirical specification. Section 4 describes the data and constructs incentive
variables using wage regressions. Section 5 presents results of MMNL estima
tions of family background determined differences in attitudes toward incentives.
Section 6 concludes.

2. A Human Capital Approach to Occupational Choice, In
centives and Family Background

Within the human capital framework, occupational choice is widely viewed as
an investment decision where the individual chooses the occupation and makes
the educational investment which maximizes life time utility. Among the ben
efits associated with choosing an occupation appear future earnings prospects
and nonpecuniary returns, while the costs involve training and forgone earnings
etc.4 Family background may potentially influence both how large these costs and
benefits are as well as the individual's valuation of them.

The traditional human capital-approach to intergenerational mobility, devel
oped in Becker and Tomes (1979, 1986), assigns an important role to capital
markets and the family's capacity to finance educational investments. Due to

4See e.g. Baskin (1974).
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imperfect capital markets the cost of financing education is typically higher and
sometimes even inhibitive for poor families. Family background could, however,
also affect the benefit side. Individual productivity and hence earnings are com
monly assumed to be determined by individual ability which is at least partly
inherited. Furthermore, some skills that are of value on the labor market may
also be transmitted through upbringing.

The individual's assessment of earnings prospects (as well as training costs)
may also be affected by family background. First, patience and attitude towards
risk are partly inherited or fostered. Second, the individual's information about
his own ability and about how far it would get him in a particular occupation
may be influenced by his family background. Furthermore, the importance the
individual places on earnings will also depend on how diversified his future income
is. Savings and the prospect of future inheritance or bequests from parents will of
course affect the degree to which the individual's life time utility depends on the
occupational choice and how non-pecuniary and pecuniary returns are valued.

It is obvious that, all other things being equal, we should expect a high wage
occupation to be preferred to a low wage ditto. However, because the individual
does not have full information about his prospects in a particular occupation, Le.
uncertainty about where in the wage distribution of that particular occupation
he would end up, we can identify two counter acting forces which are present in
determining how the individual will behave when faced with wage dispersion. On
the one hand, risk averse individuals dislike the uncertainty associated with wage
dispersion. On the other hand, the prospect of earning a very high wage if talent
turns out to be high may compensate for the risk and make an occupation with
large wage dispersion tempting.

2.1. A simple model of occupational choice

We now outline a simple model of how occupational choice can be influenced by
family background. The structure of this model is inspired by the intergenera
tional model of Mulligan (1995) and by Willis' (1986) version of the occupational
choice model described in Roy (1951).5

Each individual lives in two periods, as students and as workers. When they are
students they live off money they receive from their parents net of what ever they
have to pay for their education. In the working period of their lives, people live
off their earnings. To keep the model simple, we abstract from loans and savings,

5The slightly different version of the model is thoroughly analyzed in Sjogren (1998).
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and we ignore the possibility of receiving bequests or inheritance in period 2. The
individual will choose the amount of education and occupation which gives the
highest life time utility. Utility is additive over the two periods and is derived
from consumption. Utility of an individual who chooses occupation j depends on
the level of consumption while a student, Clj, and on consumption while working
in occupation j, C2j. Second period consumption is subject to uncertainty because
the individual cannot be sure of how well he will succeed in the chosen occupation.
Life time utility is thus:

The individual influences his level of consumption in both periods through the
choice of occupation and through the amount of education he invests in the first
period. A larger educational investment implies less consumption in the first pe
riod. Second period consumption will also depend on the choices made in period
1 since the productivity of an individual, and hence earnings, in a particular oc
cupation depends 011 the individual's endowment of an occupation specific ability,
how much education he has invested in, as well as on wage rates and the ability
intensity of the occupation.

The budget constraint while a student is:

(2.2)

where Y1 is the money the individual receives from his parents. This amount may
differ across individuals according to the income and generosity of the parents.
Hj is the human capital investment associated with choosing occupation j, kj

is the per unit cost of human capital investment in occupation j. This cost is
likely to be higher for people from poor or uneducated background, but it also
depends on the occupation e.g. because some educations require more effort. Clj

is consumption in period one. The budget constraint in period two is:

(2.3)

where Y2j is the earnings of the individual in occupation j. Earnings depend on
the amount of human capital, Hj , the individual has invested in, the individual's
endowment of occupation j specific ability Aj , the wage rate, Wj , and on the
occupation specific parameter {3j determining the ability sensitivity of earnings in
occupation j:
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(2.4)

We assume that the individual has a prior belief about his abilities for each
occupation such that

(2.5)

We also assume that the individual is better at assessing his ability in occupations
similar to that of his parents than at assessing how successfully he would make
it in unfamiliar occupation. Hence, the standard deviation, Pj' of the prior dis
tribution is assumed to be larger the more distant from the parental occupation
is occupation j. It is further assumed that in the entire population, occupation
specific ability is also log normally distributed such that

InAj rv N(O, 1) for all j. (2.6)

In line with Roy (1951), this implies that if individuals were randomly assigned to
education level and occupation, the log of earnings are also normally distributed,
InY2j rv N(ln (WjHj ) ,(3j), where Hj is the average education of those in the
occupation. Hence, there is a link between the earnings dispersion within an
occupation and the sensitivity of earnings to ability.

2.2. The choice of occupation and human capital investment

The individual chooses the occupation which yields the highest life time utility.
That is, the individual chooses occupation i if utility in occupation i is higher
than utility in occupation j, i.e.:

(2.7)

where Ht and H; are the optimal human capital investments associated with each
occupational choice.

In order to compare utilities, we need to determine what the optimal human
capital investments are. Since the dependence of utility on education in each
occupation will depend on the elldowment of ability specific to the occupation
and on the intensity by which that ability is used and on the wage, it is not
necessarily the case that the individual finds the same human capital investment
optimal given different occupational choices.
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The optimal human capital investment is found by maximizing with respect
to H the expression for lifetime utility, 2.1, subject to the budget constraints 2.2
and 2.3. We will assume that the utility function takes the following form with
constant relative rIsk aversion (intertemporal substitution elasticity) where the
coefficient for relative risk aversion, ~ > O. The higher ~ the more risk averse the
individual:

(
1 1 1

U c) == --1C --;;.
1--

(J'

(2.8)

The optimal human capital investment, given that the individual chooses oc
cupation j, is thus determined by maximizing the following expression for lifetime
utility with respect to Hj .

00

E [U·] == _1_ (}';1 - k.H.)1-~ +-'-J(W.H.A~j)1-~ f(a·)da· (2.9)
J 1 _ 1 J J 1 _ 1 J J J J J'

(J' (J'
-00

where (~ - 1) 2:: 0, is the rate of time preference.6

The first order condition is:

00

kjU'(Clj) = 'Y Ju'(c2j)WjAji f(aj)daj,
-00

(2.10)

which states that the value of foregone consumption in period one must on the
margin equal the value of the gain in consumption in period two. Using the utility
function, this first order condition can be manipulated to obtain the following
expression for the optimal human capital investment given that the individual
chooses occupation j:7

(2.11)

6Remember that In A j = aj, and that the density function of the normally distributed aj is:

f(aj)= h exP{-212 (aj-aj)2}.
V 21rp2 P

7See appendix A.I for details.
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where

(2.12)

is a risk adjustment factor. The risk adjustment factor, € > 1 if risk aversion is
moderate (~ < 1). The risk adjustment factor, € < 1 if risk aversion is strong
(~ > 1).

Comparative statics on this optimal H, presented in appendix A.2, give that
the optimal human capital investment increases with Y1 and decreases with the
cost, k. However, an increase in the W, induces higher human capital investment
only if the individual is moderately risk averse. In the case of strong risk aversion,
which also implies that the individual wants a smooth consumption path, the
high wage is a substitute for human capital investment. Higher uncertainty about
ability, p, will induce higher human capital investment. Increased sensitivity to
ability, (3, within an occupation will cause the strongly risk averse to invest in
more human capital unless expected ability, and hence expected earnings are very
high. When risk aversion is moderate, human capital investments will increase
unless expected ability is very low, in which case the individual does not consider
the payoff on the investment sufficie11t.

2.3. Expected life time utility in an occupation

We can now derive the following expression for expected life time (indirect) utility
given the optimal human capital investment and given that the individual chooses
occupation j:

(2.13)

which we can develop, using 2.11 to get:

(2.14)

Making use of the envelope theorem, we can now derive comparative statics on
the expression for expected utility disregarding the effect on E [U;] of changes in
H*. These comparative statics, presented in appendix A.3, show that an increase
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in the amount received from the parents, Yi, increases utility whereas increasing
the cost, kj , of human capital investments reduces utility. Increasing the wage,
W j , improves the utility associated with choosing an occupation. Furthermore,
if uncertainty about ability, p, increases, utility increases when risk aversion is
moderate and decreases when risk aversion is strong. Increases in the sensitivity
of earnings to ability, (3j' will increase utility if ability is high enough and reduce
utility if ability is low. The cut off ability will however depend on the degree
of risk aversion. If risk aversion is strong, higher (3j' will increase utility only
if ability is very high. With moderate risk aversion, utility will increase unless
ability is very low.

The expected utility of individual i associated with choosing occupation j as a
function of incentives and personal characteristics can be summarized as follows:

(2.15)

where the signs above the arguments of the function indicate how the marginal
valuation of the occupation changes with marginal chal1ges in the arguments.

2.4. Family background and the sensitivity to economic incentives

The expression in 2.15 can now be used in order to derive predictions about
differences in sensitivity to economic incentives due to family background. We
conduct the analysis by deriving expressions for the effect of background on the
marginal valuation of economic il1centives, the derivative of the marginal utility
of the incentive variable in question with respect to family background. This is
defined as: oa~~u] /oF, where I is the economic incentive variable and F is the
family background variable. Sensitivity to an incentive is defined as the magnitude
of the absolute value of the marginal valuation. Thus, a person is said to become
more sensitive to the incentive variable if oa~~u] / of has the same sign as a~}u]

and less sensitive if they have the opposite signs.
The incentive variables considered are the wage, Wj , the sensitivity of earnings

to ability, f3 j • As family background variables we will consider, Y1 , the economic
support received from parents, k, the cost of educational investments which can
be argued to be higher for people from uneducated or poor background, and p,
which captures that the distance in terms of ability uncertainty of the occupation
in question to the occupation of the parents.
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2.4.1. The sensitivity to the wage rate

82E [U] 8C2 8H* 8C2 8E [U] 82C2 8H*
o~ oH* oYi oW +~ oWoH* oYi

(1- .!.h(W.H*)-~ (A~je)(l-~) fJH*
(J" J J fJYi

{ > 0 (more sensitive) if (1 - ~) > 0
< 0 (less sensitive) if (1 - ~) < o.

(2.16)

(2.17)
82E [U] f)C2 8H* EJC2 EJE [U] EJ2c2 EJH*

oc~ oH* ok oW +~ oWoH* ok

(1- ~h (WjH*)-~ (A:j~)(1-~) o~*

{ > 0 (more sensitive) if (1 - ~) < 0
< 0 (less sensitive) if (1 - ~) > o.

The expression in 2.16 shows that strongly risk averse individuals become less
sensitive to the wage rate with increases in the income received from the parents.
Furthermore, 2.17 shows that as the cost of education increases, the sensitivity to
the wage rate is increased for the strongly risk averse. The reason for this is that
marginal utility of consumption decreases rapidly when risk aversion is strong and
that the increase in consumption that is made possible by a higher wage is valued
less when the level of consumption is high at the outset. When the individual is
moderately risk averse, however, utility becomes more sensitive to the wage rate
as the income received from the parents increases and less sensitive if the cost of
education increases.

(1-.!.h(W.H*r~ (A~je)(l-~) (oH* +H*f32P(1-.!.)) (2.18)
(J" J J 8p (J"

> 0 (more sensitive) if (1 - ~) > 0
{ > 0 (more sensitive) if (1 - ~) < 0, unless W very small.

Increased ability uncertainty will, as is shown in 2.18, tend to increase the
sensitivity to the wage rate. There are exceptions in the case of strong risk
aversion when the wage rate is very small in which case 8{t* is large enough to
make the last bracket in the expression positive.
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8p

2.4.2. The sensitivity to ability sensitivity (wage dispersion)

88E[U]
1 * 1 ( (3j ) (l-~) ( 2 1 ) 8H*~ (l--),H-c; WjA. e a+f3p (1--) - (2.19)

8Yl a J a 8~

~O if (1 - 1.) < O{ a ~mall } i.e. less sensitive
u a arge

~O if (1 - 1.) > O{ a larg~ } i.e. more sensitive.
u a sma

8 8E[U]
1 * 1 ( (3j ) (l-~) ( 2 1 ) 8H*~ (1- -),H _c; WjA. e a+f3p (1- -) - (2.20)

8k a J a 8k

~O if (1 - 1.) < O{ a larg~ } i.e. more sensitive
{

U a sma

(1 1 ) O{ a small }' 1 · ·~O if - - > 1 I.e. ess sensItIve.
u a arge

From expression 2.19 we have that moderately risk averse individuals become more
sensitive to ability sensitivity as the income received for the parents increases. In
other words, the individual is more positive when ability is large enough and more
negative when ability is low. However, 2.20 shows that when the cost of education
increases, the sensitivity to ability is reduced. Strongly risk averse individuals,
on the other hand, become less sensitive to ability sensitivity when the income
received from the parents increases and more sensitive to ability sensitivity as the
cost of education increases.

(1-}h (WjH*Afje)(l-~) (2.21)

[(8~*H*-l + fPp(1 - })) (a + (3p2(1 - })) + 2{3]

1 unless a very small . . .
~ 0 if (1 - -) > O{ II} I.e. more sensItIve

{ u a very sma

~ 0 if (1 _ 1.) < O{ a large } ~suming W n?~ too small.
u unless a large l.e. more sensItIve.

In expression 2.21, it is shown that increased ability uncertainty increases the
sensitivity to ability sensitivity for moderately risk averse people. For strongly risk
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averse individuals the effect of increased ability uncertainty is difficult to evaluate,
but assuming that the wage rate is not very small (smaller than unity), people
will tend to become more sensitive to ability sensitivity as ability uncertainty
increases.

2.5. Summarizing the implications of the model

The implications of our model depend on the degree of risk aversion of individuals.
If people from different background have similar attitudes toward risk we can
summarize our results as follows:

If risk aversion is moderate, individuals from well off, well educated back
ground are more sensitive to incentives than are individuals from less privileged
background. That is, they are more sensitive to the wage rate and they are more
positive towards wage dispersion if their ability is high enough, and more neg
ative if ability is low. If risk aversion is strong, individuals from less privileged
background are more sensitive to incentives than are individuals from well off
background.

Regardless of risk aversion, individuals are more wage sensitive and more sen
sitive to wage dispersion when considering an occupation which is unfamiliar than
when considering a familiar occupation.

3. Empirical Specification and Estimation

3.1. A random utility model

We use the model developed above as a point of departure for the specification
of a mixed logit model of occupational choice. From equation 2.14 we have that
choosing the occupation which maximizes expected utility is equivalent to max-

imizing (Wj~:!~ij ) .This allows us to derive a reduced form for what governs

occupational choice. We, thus, define individual i's random utility associated
with choosing occupation j as:

_ (Wj~J~ij) -
~=~ ~ =~~+~~~+~~-~~

== Xj(<p + <Pf + /-L"ij) + Cij, (j == 1, ... , M), (3.1)
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where Vij is the expected life time utility for individual i, who has family back
ground f, of choosing occupation j. X j is a vector of attributes of occupation
j reflecting the returns, risk and costs associated with choosing the occupation.
Together, <1>, <l>f and JLij capture the individual's marginal valuation of economic
incentives, as discussed in our theoretical model in section 2.3. The coefficient
vector <I> captures the mean of the marginal valuation of the occupational at
tributes of people and <Pf captures deviations from this mean marginal valuation
that depends on the family background f of individual i.

As our theoretical model showed, the marginal valuation of incentives may
differ across family background also when there are no systematic background dif
ferences in preferences per see However, <I>f, captures also systematic background
related deviations in preferences. The coefficient vector JLij captures stochastic in-
dividual deviations from this (<p + <Pf ) which result from unobserved heterogeneity
due to e.g. unobserved occupation specific ability or individual preference differ
ences that are not shared for people of the same family background. However,
we allow the distribution (e.g. variance) of this individual heterogeneity to differ
across family backgrounds. Cij is an individual and occupation specific random
disturbance which is assumed to be i.i.d. extreme value. This Cij captures e.g.
that an individual may have a special interest in a particular occupation which
has nothing to do with ability or background or interest for other occupations.

We let X j contain variables that reflect In W j +{3j In Aij+lneij, which is closely
related to expected working life earnings in an occupation and hence includes mea
sures of returns and risks. A measure of the length of education typically required
in the occupation is also included to reflect the occupation specific element of the
cost of human capital investments, In kij . We base our measures of returns and
risks the earnings function of the theoretical part of the paper, 2.4, which has it
that In}j = In W j + In Hj + {3jaj.

However, since 2.4 represents working life earnings in a two-period model it
does not include work experience. In the empirical analysis, we need to take ex
perience into account for three reasons. First, we need to correct for differences in
the age distribution between our occupations. Second, because individual ability
can be argued to be of importance for how much the individual is able to advance
and learn on the job, return to experience may capture an element of the return
to ability in the occupation. Third, high return to experience may also be a in
dicator that there are skills that can be acquired only with experience, i.e. that
the first years on the job involve investments that payoff in the future.

Hence, we will assume that the underlying wage structure in occupation, j,
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can be described by an ability augmented Mincer type earnings function:

(3.2)

where y is earnings, s is schooling, x is working experience, a is ability and Uij

is a random disturbance which is assumed to be i.i.d. in the population as a
whole.8

'POj corresponds to In Wj, 'Plj captures returns to schooling, 'P2j and 'P3j

capture the return to experience, and 'P4j corresponds to {3j' which is linked to
wage dispersion in the occupation.9

However, schooling and the return to experience can be argued to be linked to
the ability of the individual. From our model we have that investment in human
capital or schooling is endogenous and depends on ability, background and returns.
It is also the case that return to experience is linked to the ability to advance and
learn on the job and thus also captures an element of the return to ability. Thus,
estimates of 'Plj, 'P2j, 'P3j and 'P4j all include elements of the return to ability and
since ability is uncertain, they also capture elements of risk adjustment factor eij,

which is linked to fanlily background through Pij.

Because we lack data on occupation specific ability, we are not able to estimate
each individuals' true expected returns associated with each occupation from data.
The contents of X j are thus occupation specific, but not individual specific. Our
estimation method, the mixed logit model, handles this by instead allowing the
estimated marginal valuations to vary across family background and individuals.
Hence, the heterogeneity in these estimated marginal valuations reflect differences
in preferences, heterogeneity in valuation and unmeasured heterogeneity in the
measured returns, risks and costs. The estimation of X j from earnings data is
discussed below.

Our theoretical model gives that occupational choice will depend on family
background by influencing the marginal valuation of economic incentives. Our
model also emphasizes different aspects of family background. First, family back
ground influences (in the model it determines) the resources available for educa
tional investnlents. Second, family background influences the cost of education
because of possible imperfections in access to financial markets and because well
educated parents may have better information about the educational system and
thus face lower information costs. Third, our theoretical model also gives that
family background will influence how well the individual can assess his ability
to make it in different occupations. That is, the more distant from the family

8See Willis (1986) for a discussion of earnings functions.
9See the argument of Roy (1951), presented in section 2.1.
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(3.4)

(3.3)

occupation, the poorer is the quality of information the individual has about his
ability. An implication of this last aspect of family background is that people
who share the same background in terms of distance to other occupations, have
similar quality of information about their ability to perform other occupations.

The first two aspects of family background are those discussed previously
within the human capital approach to intergenerational mobility, in particular by
Becker and Tomes (1979, 1986) and by Mulligan (1995, 1997). The third aspect
is a novelty of the model presented here and should be seen as complementary to
rather than as competing with the other two.

3.2. Estimation

The individual chooses occupation j if Vij ~ "\lin, for all n.10 When Cij are i.i.d.
extrenle value, the choice probability conditional on J.L,11 is:

( )
_ exp( ((q) + <pf ) + J.Lij )Xj )

Lj J.L - --------...:----
I:n exp(((q) + q)f) + J.Lin)Xn)

regardless of the distribution of J.L.12 However, since J.L is not known, the uncondi
tional probability of choosing occupation j, Pj, is the integral of 3.3 over all values
of J.L weighted by the density of J.L:

Pj = JLj(p.)f(p. IO)dp..

f(J.L I 0) is the density function of J.L and 0 are the fixed parameters of this
density function. This integral generally has no closed form and hence needs
to be approximated through simulation. Thus, for a given set of values for the
parameters, 0, a value of each element J.L is drawn from its distribution. The
logit formula, Lj(J.L), is calculated using this draw. This process is repeated, and
the average of the resulting Lj (J.L) 's is the approximate choice probability. The
sum over all individuals of the logs of this approximate choice probability is the
simulated log-likelihood function and the estimated parameters are those that
maximize this simulated log-likelihood function. 13

lOWe ignore the option of not choosing an occupation at alL
11 It is a vector of stocastic individuial deviations from the marginal valuations of incentives

common to people of background f.
12See Brownstone and Thain (1996).
13The gauss code used for our estimations is generously made available on the home page of

Kenneth Train, Department of Economics, University of California, Berkeley. Our estimtions
are based on 200 repetitions.
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McFadden and Train (1997) show that any random utility model can be ap
proximated with a mixed logit through appropriate choice of explanatory vari
ables and distributions for the random parameters. Furthermore, they state that
an appropriate specification test for the MMNL model is a likelihood ratio test for
omitted variables with the corresponding MNL model as the restricted model. 14

4. Data and Measurement

The empirical analysis uses data extracted from the Swedish Level of Living survey
(LNU).15 The data set used contains information on age, occupation, years of
education, type of education, hourly earnings in 1991, and family background
variables such as father's education and occupation for a representative sample of
6773 individuals born between 1915 and 1973.

From this sample we have selected 4214 individuals of workillg age who have
a registered occupation. Since the normal retirement age in Sweden is 65, our
sample includes individuals between the ages of 20 and 65. Hourly earnings have
been computed using data on total monthly earnings and hours worked. Indi
viduals with hourly earnings exceeding SEK 900 are not included in the sample.
The sample is further reduced by the exclusion of the occupational category agri
culture. The reason for excluding individuals working in agriculture is that the
earlungs function estimated in order to generate occupation specific incentive vari
ables fails completely to capture how agricultural earnings are determined. The
reason for this failure is likely to be that earnings in agriculture are to a great
extent explained by size and location of farm. The empirical analysis is therefore
conducted without people working in agriculture. Hence, the empirical analysis
is based on a sample of 4077 observations.

In order to estimate a model of occupational choice with background effects,
we need to obtain individual data on occupational choice, economic incentive vari
ables and family background. Definitions and measurements of the data analyzed
are discussed in the rest of this section.

14In this paper, we will assume that the random parameters are normally distributed. How
ever, there may be situations where we do not want to allow the parameters to take different
signs for different people. In such cases, it may be preferable to assume that parameters are log
normally distributed.

15See Erikson and Aberg (1987) for a detailed description of the Swedish Level of Living
Survey.
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4.1. Occupational categories

Based on NYK80 occupational codes,16 we have defined 8 occupational categories.
The 8 occupations correspond to the I-digit NYK80 categories, except that mining
and production workers have been put in the same group. The occupations are
presented in Table 4.1a.

Table 4.1a:
Occupations classified

Occupation
professional

social/ medical

administrative

sales

agriculture

transp&com

production

service

NYK80

001-099

101-199

201-299

311-399

400-449

601-649

501-599
701-891

901-989

Description
Professional, technical and related work: technical,
scientific, educational, religious, law, literary,
journalistic, artistic
Health, nursing and social work: Medical, nursing,
physiotherapy, dental, pharmaceutical, social,.
health protection
Administrative, managerial and clerical work: Public
and business administration, accounting, clerical, IT,
economics and statistics
Sales work: sales (business services, assets and goods),
purchasing
Agricultural, forestry and fishing work: Agriculture,
horticulture, livestock and forestry management and
work, wildlife protection, fishing
Transport and communications work: Drivers, Train
and flight personnel, telecom's workers.
Mining and production work: mining, textile, leather,
metal processing, machine, electrical, wood, chemical,
food, construction, painting.
Service work: Civilian protection, lodging and catering,
cleaning, laundring, military.

At this aggregate level, it is obvious that each occupational category spans a
vast range of activities. The reason for choosing this kind of classification rather
than one based more closely on years of education is that we are interested in a
concept of occupation like that suggested in Roy (1951) where occupations are

16NYK80 = Nordic occupation classification
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occupations because they require different types of, or combinations of, abilities.
So, in principle, what we are assuming by using the classification we do, is that a
nurse and a medical doctor use the same type of ability. The difference between
them is that they have different amounts of education.

Table 4.1b presents some descriptive statistics for our occupational categories
except agriculture, which is excluded from the analysis for reasons discussed above.
It is clear from Table 4.1b that there are large gender differences between the
different occupations.

Table 4.1b:
Descriptive figures for 7 broad occupational categories

male female
av s.d. ed s.d. av s.d. ed s.d.

obs w/h w yrs ed.yrs obs w/h w yrs ed.yrs
prof 403 81.9 48.9 13.7 3.82 301 68.6 42.0 13.9 3.01

soc 88 77.8 54.0 14.9 4.1 571 66.1 62.0 11.5 2.8

adm 285 87.8 60.6 13.0 3.17

sales 159 78.2 84.8 11.6 2.89

trans 196 57.3 37.6 10.1 2.57

475 64.8 32.9 11.4 2.62

152 45.5 40.6 10.6 2.92

101 57.7 29.8 10.3 2.24

prod 743 62.4 46.5 10.2 2.38

serv 173 64.3 61.6 10.6 2.83

168 41.8 52.4 9.2

262 46.8 54.3 9.2

2.65

2.6

total
m+f

2047 71.3 54.9 11.6
4077 65.5 52.6 11.4

2030 59.7 49.6 11.2

obs==number of observations, av w/h==average hourly wage, s.d.w== standard
deviation of wage, ed yrs==average years of education, s.d. ed yrs==standard
deviation of average years of education, m==male, f==female.

Women out number men only in the social/medical occupation and in services.
The dominance of men is particularly high among production workers. If we
consider average hourly wages and years of education, it is also clear that the type

92



of jobs held by men and women in each occupational category are not necessarily
the same. This is obvious in the social/medical occupation where women earn less
and have markedly less education. In all but one of the occupational categories do
men earn more and have more education than women. The exception is transport
and communications where the gender difference is very smalL

If occupations are ranked according to mean wage or average years of educa
tion, it is also clear that there are large gender differences. For men, administra
tion tops the wage ranking, before professionals and sales. For women, the wage
ranking is topped by professional, social/medical is second and administration is
third.

4.2. Constructing incentive variables

The next step is to obtain measures of the occupational attributes in X j . Because
we lack data on ability, estimation of 3.2 will be subject to omitted variable bias.
Furthermore, even if we had data on ability, the endogenous nature of schooling
and the possibility that the individual's return to experience is influenced by
ability, would render estimates of the return to schooling alld experience biased
due to simultaneity.

Omitted variable and simultaneity problems would in our case, assuming pos
itive covariances between ability and schooling and experience respectively, result
in upward biased OLS estimates of returns to schooling and experience. The es
timates of the variance of the OLS residuals would also be biased upwards. As is
well known, the magnitude in the bias of a coefficient on a variable m resulting
from omitting a variable e.g. ability, would depend positively on the true return
to ability in the occupation, negatively on the variance of m and positively on
the covariance of m and ability.17 However, we can safely assume that our esti
mations suffer also from measurement errors which would attenuate the relation
between schooling and earnings and thus bias downward the return to schooling.
Furthermore, because we have little reason to believe that the biases in our esti
mates would systematically bias a comparison of returns across occupations, we
will go through with estimating our wage regressions. Hellce, we will estimate the
following earnings equation:

In Yij = 'POj + <{JljSi + <{J2j X i + <{J3jx; + 'P4j U ij.

17 E [cp:"] = CPm + CP4/0~~);)
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The estimate of 'POj is used as a measure of the hourly wage rate in the occu
pation, 'Plj measures the return to schooling , 'P2j and 'P3j capture the return to
experience. Although the return to experience would be better described by both
'P2j and 'P3j' we will only enter 'P2j into our occupational choice estimations in
order to economize on the number of parameters to estimate in the modeL The
variance of the regression residuals, 'P~j' assuming that Uij is N(O,l), is assumed
to capture earnings differences that result from factors other education and ex
perience, e.g. differences in ability. We use this as a measure of wage dispersion
in the occupation. In line with our theoretical model, this measure is assumed
to be related to the return to ability in an occupation. Si is the number of years
of schooling of individual i and Xi measures individual i's experience. Experience
is measured as the individual's age, less seven (school starting age), less years of
education. Because of the large gender differences in the types of occupations
held within our broadly defined occupational categories that became evident in
Table 4.1, we estimate separate parameters for men and women. The computed
gender specific incentive variables are presented in Table 4.2.

Table 4.2 gives a slightly different picture of the returns associated with choos
ing an occupation than Table 4.1. The wage rate, i.e. log of the hourly wage of
an uneducated person with no experience, for men is highest in production work
and lowest in the social medical profession. For women, the occupation with the
highest wage rate is transport and communications and the lowest is sales. Men
receive the highest return to education if they choose sales and the lowest if they
opt for professional or transport and communications. Women also get the highest
return to education in sales and the lowest in transport and communications. The
occupational choice associated with the highest wage dispersion for men is sales,
while the lowest is transport and communications. For women the corresponding
occupations are production and transport and communications.
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Table 4.2:
Incentive variables for 7 broad occupational categories

male female
W Wdisp Edpr Expr W Wdisp Edpr Expr

<Po <P4 <PI <P2 <Po <P4 <PI <P2
prof 3.87 0.073 0.024 0.025 3.73 0.116 0.035 0.009

soc 3.36 0.068 0.058 0.028 3.86 0.078 0.025 0.005

adm 3.63 0.09 0.038 0.041 3.66 0.048 0.036 0.017

sales 3.38 0.152 0.060 0.037 3.35 0.062 0.058 0.020

trans 3.87 0.044 0.024 0.014 3.93 0.029 0.017 0.013

prod 4.14 0.078 0.036 0.012 3.69 0.202 0.045 0.002

serv 3.49 0.084 0.052 0.018 3.75 0.062 0.023 0.013

mean 3.68 0.084 0.042 0.025 3.71 0.085 0.034 0.011

m+f 3.69 0.084 0.038 0.018

W==wage rate, Wdisp==wage dispersion, Edpr==return to education
Expr==return to experience, m==male, f==female.

4.3. Family background variables

In order to capture the various aspects of family background that influence the
marginal valuation of incentives discussed in section 3 we have chosen to construct
two sets of backgroUl1d dummies and one occupation specific dummy. Throughout
we use characteristics of the father. 18

We attempt to capture background effects connected to having rich or poor
parents, informational advantages of people with well educated parents, and ef
fects of having well off or poor parents on the cost of educational investments

18 Using both mother and father would probably add to the picture. However, this would result
in twice as many background variables apart from causing a problem with missing observations.
Many mothers in the sample lack an occupation, probably because housewife is not classified as
an occupation.
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with a set background dummies based on parental education. Three educational
background categories are defined namely, basic education, intermediate educa
tion and university education. Basic education corresponds to having attended
only compulsory school.19 Intermediate education corresponds to having attended
more than compulsory education, but not at university level.

The second set of background dummies is based on parental occupation. Oc
cupational background groups people who have similar quality of information
about their ability for other occupations. In order to keep the estimations nu
merically tractable, we choose to restrict ourselves to three broad occupational
background categories. These categories are based on the pattern found in the
transition matrix in Table 1, which identifies three groups of occupations between
which intergroup occupational mobility tends to be low. The first occupational
background category, which we will refer to as mixed, contains transport and
communications and services. The second background category, is referred to as
white collar and contains professionals, social sector, administration and sales.
The third category, referred to as blue collar, contains production workers and
agriculture.

Table 4.3:
Background categories: Father's education (across)

Father's occupation (down)

Father's occ Father's education Row
Basic Interm. Univ. total

Mixed 451 179 22 658
(441) (171) (46)

White collar 406 494 261 1161
(778) (301) (82)

Blue collar 1870 384 4 2258
(1514) (585) (159)

Col. total 2733 1057 287 4077

x2-test of row-column independence: X2=1013.1.
Independence rejected at P=O.OO. Individuals expected in
the category if categories were independent in brackets.

Table 4.3 cross-tabulates the number of individuals in the two sets of back
ground categories against each other. The cross-tabulation shows that the two

19During the 1950's and 1960's compulsory school was extended from seven to nine years.
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sets of background dummies are not independent. We can conclude that the oc
cupational background dummies also partly capture aspects of having well off or
less well off parents.

In order to investigate the third aspect of family background, which relates to
the distance between occupations, we construct an occupation specific distance
dummy which classifies an occupation in terms of familiar or unfamiliar. An oc
cupation is familiar if it belongs to the same occupational category as the father's
occupation and unfamiliar if it belongs to a different occupational category. We
have used the same occupational categories as for the definition of occupational
background.

5. Results

This section presents the results of estimations of the following model:

Vij = (q,1 + JlIi)Wj + (q,2 + Ji2i) W dispj + (q,3 + Jl3i)Edprj + (5.1)
(q,4 + Jl4i)Exprj + (<ps +Jlsi)Edj +
(q,lf + {tIif)DfWj + (q,2j + {t2if)D j Wdispj + (q,3f + {t3if)Df Edprj +
(q,4f + {t4if)Df Exprj + (<Psf + {tsif)DfEdj + Cij·

The incentive variables included are the wage rate, W, i.e. our <po-estimate,
wage dispersion, W disp (<p4), return to education, Edpr ('PI), return to experi
ence, Expr (<P2). We also include the average years of education required in the
occupation, Ed, as a proxy for the costs of choosing the occupation. However,
the length of education required in the occupatioll also gives information about
the level of earnings in the occupation.

Df is a set of dummy variables measuring background. The dummies included
in our models are presented in Table 5. <P and Ji are the marginal valuations of
the background category for which there is no dummy included. <Pf and {tf are
the deviations from <I> and Ji of background category f.
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Table 5:
Estimated models of occupational choice

as a function of incentives

Model
1
2
3
4

None
Father has intermediate/university education
Father's occupation is white collar/blue collar

Occupation is unfamiliar

5.1. Model selection

Each model is estimated unrestricted (MMNL) and restricted (MNL) such that
the random coefficients are restricted to be zero in order to test the random coef
ficient specification. The value of the log-likelihood function for each estimation
is presented ill Table 5.1:

Table 5.1:
The value of the log-likelihood function

D MNL MMNL
None -7501 -7776
Father's education -7441 -7424
Father's occupation -7408 -7393
Occupational distance -7406 -7394

Evaluation of the estimated models on the basis of likelihood ratio tests selects
the models with background effects over the models without background effects
and MMNL estimation over MNL estimation in all three models with background
effects on the 5 per cent significance leve1.2o The log-likelihood function values
further indicate that out of the models with background effects, occupational
background effects produces the best estimation results. However, because we
see the models as complementary rather than competing, a best fit measure is
not our only criterium. It would, however, be interesting to estimate a nested

20We can note that the results of the MNL estimation of the model without background effects
conform qualitatively with the results presented by Orazem and Mattila (1991). However, it
should also be noted that the MNL estimations with or without background effects fail to satisfy
tests of the independence of irrelevant alternatives assumption. The reason for failure may well
be the presence of unaccounted for unobserved heterogeneity.
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version of the three models with background effects. This is, unfortunately far
from numerically tractable if random coefficients are allowed for all explanatory
variables. Since we are interested in comparing the results of the different aspects
of family background captured by the three background effects models we will
present the results from these estimations.

5.2. Estimation results

The results from the estimations of occupational choice models with background
effects are presented in Tables 5.2.1, 5.2.2 and 5.2.3. In Table 5.2.1 we present
the results of estimations allowing coefficients to depend on father's education.
The first third of Table 5.2.1 reports the estimates for people whose fathers have
only basic education. The middle section of the table reports how the reactions
of people whose fathers have intermediate education differ from the reactions of
people whose fathers have basic education. The third part of the table reports
how the reactions of people whose fathers have university education differ from
the reactions of those whose fathers have basic education.

In order to obtain the point estimate of the coefficients for those with ed
ucated fathers, we simply sum the basic education coefficient estimates of the
marginal valuation of an incentive variable and the difference estimates for the
corresponding incentive variable for the categories with educated fathers. Sig
nificant difference estimates imply that the background category's valuation of
the particular incentive variable differs significantly from valuation of the basic
education background people. Estimates significant at the 10 per cent level are
shown in bold face letters.

The results of the coefficient estimates are very much in line with the predic
tions of our theoretical model. As expected, the results show that people value
the wage rate positively. The positive valuation of the average years of education
indicates that the positive effect of high level of income associated with lengthy
education is stronger than the negative aspect of high costs of education.

It is interesting to note that the return to education is less important the
more educated the father, but that average length of education is regarded as
more positive the more educated the father. This indicates that if the father is
well educated the child will also want a long education, caring less about the
actual return and cost of this education and more about that education can be
regarded as a "ticket" to high wage, high status occupation.
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Table 5.2.1:
Occupational choice with educational background effects

Father's Explanatory
Education variable beta stdev t-value prob

Basic W ~l 3.04 0.21 14.77 0.00
SCill) 0.04 1.06 0.04 0.48

Wdisp <P2 -3.41 0.76 -4.46 0.00
S(Jl2) 0.18 6.26 0.03 0.49

Edpr <P3 26.92 3.11 8.64 0.00
S(Jl3) 0.27 18.56 0.01 0.49

Expr <P4 -11.24 6.16 -1.83 0.03
s(Jl4) 64.83 10.12 6.40 0.00

Ed ~s 0.06 0.02 3.81 0.00
s(Jls) 0.01 0.16 0.04 0.48

Intermediate W <P1 -0.42 0.44 -0.97 0.17
S(ttl) 0.03 2.15 0.02 0.49

Wdisp <P2 1.67 1.51 1.11 0.13
s(tt2) 0.11 13.19 0.01 0.50

Edpr <P3 -18.46 6.79 -2.72 0.00
s(tt3) 0.07 35.73 0.00 0.50

Expr <P4 9.32 11.14 0.84 0.20
S(tt4) 79.94 23.28 3.43 0.00

Ed <Ps 0.18 0.03 5.39 0.00
s(tts) 0.00 0.31 0.00 0.50

University W <Pl -1.74 1.06 -1.65 0.05
S(ttl) 0.71 3.17 0.22 0.41

Wdisp <P2 3.90 3.11 1.25 0.10
S(tt2) 0.33 26.77 0.01 0.50

Edpr <P3 -31.34 19.60 -1.60 0.05
s(tt3) 0.36 62.54 0.01 0.50

Expr <P4 8.68 18.44 0.47 0.32
S(tt4) 73.40 50.81 1.44 0.07

Ed <Ps 0.28 0.06 4.92 0.00
s(tts) 0.00 0.53 0.00 0.50

LogL-fn -7424.32

4077 observations, 200 draws. s(tt)=standard deviation of tt,
W==wage rate, Wdisp=wage dispersion, Edpr== return to education
Expr==return to experience, Ed==average years of education
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The result regarding wage dispersion is also interesting. Wage dispersioll is
regarded as negative all, except by the university background people. It supports
the idea that people from well off background can afford to take chances, either
because their future income is diversified enough or because they have better
information about where in the wage distribution they will end up, or in fact
because their average ability is high enough to make the positively disposed toward
wage dispersion.

The valuation of return to experience is negative which we can interpret as
indicating that people are impatient. People with educated fathers are, however,
much less negative about return to experience, indicating that they can afford
to wait for payoff on their occupational choice. Furthermore, the only variable
with significant variation in its coefficient is return to experience. An interpre
tation of that the unobserved heterogeneity present is captured as variation in
the coefficient on return to experience is that the actual return to experience an
individual can expect will be highly dependent on the ability to learn on the job
and to climb up the career ladder. An alternative interpretation of the negative
coefficient estimate on return to experience is thus that return to experience is
viewed as uncertain. Moreover, there are background effects in the variation in
the coefficient on return to experience, indicating that the presence of unobserved
heterogeneity is background dependent.

Table 5.2.2 presents the results of our estimations of occupational choice when
we allow separate coefficients for people whose fathers have different occupations.
The first third of Table 5.2.2 presents the results for people whose fathers are
mixed occupation category. The second third of the table presents how the
coefficients for those whose fathers are white collar workers, i.e. professional,
soc/medical, administrative or sales, differ from the mixed background coeffi
cients. A significant estimate, thus, implies that the valuation of the white collar
background people significantly differs from the valuation of the mixed background
people. The last third of the table presents the results for individuals whose fa
thers are production workers or working in agriculture. We call this background
category blue collar. To obtain the point estimates of the coefficients for those
with white and blue collar fathers we simply add up the mixed occupation coeffi
cients and the difference estimates.
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Table 5.2.2:
Occupational choice with occupational background effects

Father's Explanatory
Occupation variable beta stdev t-value prob

Mixed W <1>1 1.67 0.37 4.46 0.00
8(711) 0.02 1.06 0.01 0.49

Wdisp <P2 -5.45 1.55 -3.53 0.00
8(712) 0.18 6.24 0.03 0.49

Edpr <1>3 10.66 6.17 1.73 0.04
8(713) 0.14 18.34 0.01 0.50

Expr <1>4 -26.89 9.43 -2.85 0.00
8(Ji4) 72.72 10.92 6.66 0.00

Ed <1>5 0.08 0.03 2.65 0.00
8(715) 0.01 0.15 0.05 0.48

White collar W <1>1 1.17 0.51 2.31 0.01
8(J-ll) 0.03 2.00 0.01 0.49

Wdisp <1>2 5.19 1.92 2.70 0.00
8(J-l2) 0.15 13.30 0.01 0.50

Edpr <1>3 7.90 8.22 0.96 0.17
8(J-l3) 2.06 31.25 0.07 0.47

Expr <1>4 49.96 10.80 4.62 0.00
S(J-l4) 7.22 59.06 0.12 0.45

Ed <1>5 0.17 0.04 4.39 0.00
s(J-l5) 0.01 0.29 0.05 0.48

Blue collar W <1>1 1.56 0.43 3.66 0.00
S(J-ll) 0.10 1.43 0.07 0.47

Wdisp <1>2 2.07 1.75 1.18 0.12
s(J-l2) 0.14 8.47 0.02 0.49

Edpr <P3 14.55 7.06 2.06 0.02
8(J-l3) 0.55 25.58 0.02 0.49

Expr <1>4 6.95 10.91 0.64 0.26
8(J-l4) 24.63 32.64 0.75 0.23

Ed <1>5 -0.01 0.04 -0.30 0.38
8(J-l5) 0.01 0.21 0.03 0.49

LogL-fn -7393.21

4077 observations, 200 draws. s(J-l)=standard deviation of J-l,
W=wage rate, Wdisp=wage dispersion, Edpr= return to education
Expr=return to experience, Ed=average years of education
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The results of our estimations with occupational background effects show the
same general pattern as the results with educational background effects. People
like the wage rate, dislike wage dispersion, like return to education, dislike return
to experience and' like average years of education. With the exception of the
reaction to the wage rate and the return to education, the reactions of blue collar
background people do not significantly differ from the reactions of the mixed
backgroulld people. Blue collar background people care significantly more about
the wage rate and the return to education. The high sensitivity to return to
education and moderate interest for long educations is interesting and indicates
that blue collar background people are interested in education only to the extent
that it pays off. White collar background people, however, differ significantly
from the others in that they are positive towards return to experience, prefer
occupations requiring longer education and are much less negative towards wage
dispersion.

Again, we can see that return to experience is the only variable which has
significant variation in its coefficient. There are, however, no background effects
in the variation of the coefficient on return to experience. Hence, the unobserved
heterogeneity present in the data is not qualitatively different across occupational
backgrounds. This can be interpreted as support for the idea that sharing occu
pational background also implies sharing quality of information about ability for
other occupations.

Table 5.2.3 presents tIle results of our estimations when we allow people to
have a different marginal valuation of incentives when they consider familiar oc
cupations and unfamiliar occupations. The first half of the table presents the
estimates when considering a familiar occupation and the second half presents
how marginal valuation differs when considering an unfamiliar occupation.

The same general pattern appears if we consider the result for familiar occupa
tions. However, there is one exception. When considering a familiar occupation,
people like a high wage, dislike wage dispersioll, like return to education, like
average years of schooling, but they like return to experience. This, again, sup
ports the idea that return to experience should be connected to uncertainty about
ability and about the future. When considering a familiar occupation, our model
hypothesizes that the uncertainty involved is smaller.
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Table 5.2.3:
Occupational choice with distance to occupation effects

Father's Explanatory
occupation variable beta stdev t-value prob

Familiar W <PI 2.51 0.19 13.33 0.00
s(711) 0.01 1.11 0.01 0.50

Wdisp <P2 -1.54 0.98 -1.57 0.06
s(712) 0.37 6.11 0.06 0.48

Edpr <1>3 10.66 3.97 2.68 0.00
s(713) 0.88 19.17 0.05 0.48

Expr <1>4 15.36 6.13 2.50 0.01
s(1l4) 69.21 8.80 7.86 0.00

Ed <Ps 0.17 0.02 6.86 0.00
s(71s) 0.00 0.15 -0.01 0.49

Unfan1iliar W <1>1 0.15 0.08 1.82 0.03
S(Jtl) 0.00 0.14 0.02 0.49

Wdisp <1>2 -1.70 1.35 -1.26 0.10
S(Jt2) 0.14 5.80 0.02 0.49

Edpr <1>3 9.67 4.26 2.27 0.01
s(Jt3) 0.60 13.22 0.05 0.48

Expr <1>4 -33.53 7.26 -4.62 0.00
S(Jt4) 11.56 20.97 0.55 0.29

Ed <l>s -0.07 0.03 -2.36 0.01
S(Jt5) 0.00 0.05 0.01 0.49

LogL-fn -7393.67

4077 observations, 200 draws. s(Jt)=standard deviation of Jt,
W=wage rate, Wdisp=wage dispersion, Edpr=return to education,
Expr=return to experience, Ed=average years of education

As predicted by our theoretical model, people are more sensitive to incentives
when they consider unfamiliar occupations. People are more positive towards the
wage rate, the dislike wage dispersion more strongly, they are more interested in
return to education, they dislike return to experience and they are less willing to
go for a long education.

As in the previous models, return to experience is the only variable with sig
nificant variation in its coefficient. There is, however, no significant difference in
this heterogeneity when familiar or unfamiliar occupations are considered.
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6. Conclusions

The empirical results obtained in this study suggest that socio-economic back
ground influences how people react to economic incentives when they make occu
pational choices. In particular, we find that people from low skilled background
are more sensitive to economic incentives since they to a greater extent are at
tracted to occupations with high wage rates and high returns to education. We
also find evidence that this group is more risk averse in their occupational choices
since they are more negative towards wage dispersion and returns to experience
than are people from high skilled background. Furthermore, the results show that
people are more sensitive to economic incentives when considering unfamiliar oc
cupations than when considering familiar occupations.

These empirical results support the predictions generated by the theoretical
model when risk aversio11 is strong presented in this paper. The results, thus,
show that the idea of family background related ability uncertainty raised in this
paper is indeed complementary to the human capital approach to intergenerational
mobility, which stresses the importance of educational costs and differences in
access to capitaL

We find that there is a significant presence of individual heterogeneity in the
estimated marginal valuations of return to experience. We interpret this as result
ing from unobserved ability heterogeneity and that return to experience is linked
to occupation specific ability. The presence of individual heterogeneity supports
the use of MMNL estimations.

The absence of background effects in the estimates of individual heterogeneity
when occupational background is controlled for and the presence of background
effects when controlling for educational background, indicate that these back
ground concepts are indeed complementary. The result could be interpreted as
supporting the idea that the degree of ability uncertainty facing the individual
is linked to occupational background. In particular, it could be a result of that
sharing occupational background implies that people also have the same quality
of information about their ability for other occupations. An alternative interpre
tation is that educational background is correlated with some general measure of
ability and, hence, that sharing educational background implies being drawn from
the same part of the ability distribution such that the ability distributions would
be different across educational backgrounds.

The results of our theoretical and empirical analyses lead to the conclusion
that policies affecting the incentive structure on the labor market are far from
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neutral in terms of their effect on people from different family background. Poor
return to education due to high taxes or costly education financing will deter
children from less well situated background to a higher extent than it will affect
well off children. Unstable rules regarding education financing or income taxation
creating uncertainty about future income or costs of education will also have a
greater impact on the occupational choices of the less well situated than on the
choices of the well off.
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A. Appendix

A.I. The individual's optimization problem

The individual maximizes the following utility function:

maxU(cl' C2j) = U(Cl) + 'YE [U(C2j)] ,
Hj
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where

00

E [U(C2j)] = Ju(c2j)f(aj)daj'
-00

The first order condition is:

00

U'(Cl) = 'Y JU'(c2j)WjAji f(aj)daj'
-00

Given the chosen utility function we have:

(A.2)

(A.3)

Because (Aji)l-~ = exp {(1 - ~){3jaj} we can write the integral:

(A.5)

Separating out terms which do not contain the integrand we can write the integral:

(A.6)

We can complete the square in the second exponent by multiplying and dividing
by exp { _[P2(1-t/i I+ajj2} in second and first exponent respectively:

I = I exp {[p2(1 - ~){3~;~]2 - (aj)2}

-00
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which we can simplify to:

00

I = Jexp {[p2(1 - ~),8j]2 ~:2(aj)p2(1 - ~),8j } (A.B)

-00

exp { -(aj + [p2(~p~ ~),8i+aj])2} .

Moving the first exponent out of the integral gives us:

We can now use the fact that _1- JOO exp {-(aj+[P2(1-2~),Bj+aj])2} da· is the inte-
J21rp2 -00 2p J

gral of a normal distribution with mean [p2(1 - ~),Bj+aj] and variance p2. The
integral from -00 to 00 of a normal distribution is always equal to one. This gives
us:

(A.IO)

(A.Il)

We can now obtain an expression for the optimal human capital investment given
that the individual chooses occupation j:

H! == Yi .
J k + 'rUkj (wjAfjr-

U
ee:J3W-u)(l-~)

A.2. Comparative statics on H*

(A.12)
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(A.13)

BH*
B(3

_ y (1 - O}y-17kjW/-17~j(l-l7) e(l-l7) (a + (3p2(1 - ~))

(k + "(-17kj (WjA~jr-17e(l-I7)) 2

> 0 if (1 _ 1) < 0, a small
U > 0, a large

< 0 if (1 _ 1) < 0, a large '
U > 0, a small

(A.15)

BH* ((32 p(1 - 1 ) (1 - (J) )/,-ukl!W. -uA~j(l-u)~(l-u)
_ == _Y U J J J > 0 (A.17)
ap ( k + ')'-17 kj (WjA~j)1-17 e(1-I7)) 2 •

A.3. Comparative statics on E(U)

BE [U] == (Y _ kH*)-~ > 0
BY ,

BE [U] == _ (Y _ kH*)-~ H* < 0
Bk '
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8E[U]
8(3

aE[U] = w.-: (H*A~jc)(l-:) > 0
8W 1 J J ~ ,

'Y(Wj H*A1j e)(1-:) (a+/3p2(1-t))
';f ( 1 ) 0 a very large

~ 0 fJ 1 - -;; < a small

1) O
a large '

2 0 if (1- - >
<::: a a very small

(A.20)

(A.21)

(A.22)
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