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Chapter 1

Public Finance and Human
Capital

“[...] Much common reasoning on tax problems is based on a
misapplication of first best economics. The problem of optimal
taxation in an economy such as ours is viewed as a problem of
indirect control of imperfectly observable variables. [...] This
way of looking at tax problems is important because much of
what appears to be capricious, distortionary, or inequitable may
at least make sense, and perhaps even be judged to be desirable.”
Stiglitz and Boskin (1977, p.295)

1.1 Introduction

As its title suggests, this book deals with public policies and the incentives to
invest in human capital.1 But, what is ‘human capital’? Before the seminal
contributions by Schultz (1963) and Becker (1964), the demand for education
and training was being regarded as a consumption good. However, schooling
and training contribute to life-time earnings. This lead to the notion that
education and training efforts should be regarded as investments. When we
speak of investments in human capital in this thesis, we mean investments in
higher education and on-the- job-training and we ignore (obligatory) primary
and secondary education.

1This Chapter draws heavily on Jacobs (2000a). I thank Lans Bovenberg, Casper van
Ewijk, and Hessel Oosterbeek for comments and suggestions.
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Public Finance and Human Capital

According to the theory of human capital, individuals maximize their
welfare by choosing education levels and training programs such that the
marginal costs, in the form of direct expenditures on education (instruction
costs, tuition fees, school buildings, computers, et cetera) and indirect costs
(foregone wage incomes while enrolled in education or training), should be
equalized to the marginal value of material benefits (higher wages) and non-
pecuniary benefits (well-being, academic development, status).

Generally, recent economic research has mainly dealt with the material
aspect of investment in human capital. An enormous amount of empirical
research underpins the notion that education is an investment yielding a high
private, monetary rate of return ever since Mincer (1958, 1962) introduced
the so called earnings function. According to this function, (log) wages are
the dependent variable in a regression including schooling and experience
variables. For good overviews see for example Blaug (1976), Willis (1986),
Killingsworth and Heckman (1986), and Ashenfelter, Harmon and Ooster-
beek (1999). Conventional estimates of the return to education are about
7%, i.e. wages increase with 7% for every additional year of schooling. For
the Netherlands, Hartog et al. (1993) find rates of return varying from 11%
in 1962 to approximately 7% in 1990. Leuven and Oosterbeek (1999) show
that returns have risen in recent years to about 8-9%.2

When one starts to think about schooling and training as investments in
human capital, one realizes that public policies are particularly important
for the incentives to acquire human capital. First of all, progressive taxes on
labor income, taxes on capital income and taxes on consumption are major
sources of government revenues. Furthermore, a large part of taxation is used
for social insurance and redistributional purposes. In 1998 the average tax
burden in OECD countries was about 37% of GDP (NL: 40%), see OECD
(2000). Clearly, taxation affects the economic incentives to acquire skills in
various ways. In particular, the returns of investments in human capital, i.e.
the higher wages resulting from taking education, are cut by taxes on labor
income. Also, the costs in the form of the foregone wages while enrolled in

2Some may argue that the returns to schooling mainly reflect ability. Consequently,
estimates of the returns to education suffer from biases if ability and other unobserved
variables are positively correlated with schooling decisions (see Griliches (1977)). Card
(1994), Griliches (1996) and Ashenfelter et al. (1999) provide overviews of studies using
techniques that correct for potential biases. Rates of return on education are generally
just as large, or even larger than the conventional estimates. This implies that the returns
on education are mainly due to schooling and not ability.
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Chapter 1 Introduction

education or training programs are reduced by higher taxes. The present
value of investments in human capital is importantly affected by the after-
tax real rates of return on alternative investment opportunities. Therefore
taxes on alternative investments, notably financial savings, matter as well.

Education is highly subsidized by most governments. Public contributions
to the direct costs (school buildings, teacher wages, et cetera) are substantial.
In OECD countries governments contribute about 87% to the direct costs of
education (NL: 93%). Average public spending on education in OECD coun-
tries is about 4.6% of GDP (NL 4.5%), see OECD (2001). Further, outlays
on education are among the most important public spending categories of
most governments. Clearly, the government may have important motiva-
tions to subsidize education to this large extent. Often subsidies are justified
on grounds of accessibility, especially for poorer individuals. Due to capital
and insurance market failures accessibility to education may be hampered
because the poor have more financing problems and are typically more risk
averse. Education is also regarded to generate economy wide positive exter-
nalities and to have an intrinsic value for itself.

1.2 Trends and policy changes

The practical relevance of studying a topic like public finance and human
capital may not be evidently clear at first sight. However, in recent years
policy makers have suggested and adopted a long list of policies to foster
human capital formation. Clearly, these policies are also inextricably related
to changes and trends in the overall economy. As such it is hard to unravel
‘cause and effect’ here. A number of these trends and policy changes seem
to be especially important to studying public finance issues in relation to
human capital formation. This list is not exhaustive however.

• Internationalization – Increased internationalization and increasing inter-
dependencies of economies across the world tend to make tax bases
more mobile. Furthermore, governments may engage in tax compe-
tition practices in order to attract capital and high skilled labor, see
also Gorter and De Mooij (2000). Consequently, taxation is perceived
to become more distortionary. Many countries have adopted tax-base
broadening policies to cut marginal tax rates on capital and labor in-
comes in recent years.

3



Public Finance and Human Capital

• Supply side policies – Since the 1980’s many governments became aware
of the potentially adverse consequences of big governments and high
taxes on economic incentives. In view of low participation rates in
the European mainland, economic incentives to participate and supply
labor have come important ingredients of tax reforms. Recently, there
is also growing policy interest in the adverse consequences of progressive
taxes on skill formation as well. For example, a widely hold view is that
the Earned Income Tax Credit creates adverse incentives to acquire
skills in the so called ‘phase out range’ due to increases in marginal tax
rates, see e.g. Bovenberg et al. (2000). The recent introduction of an
EITC in the Netherlands does not feature a ‘phase out range’ allegedly
to avoid distortions on skill formation and labor supply that arise in
the phase out range.

• Greying population – Most OECD countries are confronted with a grey-
ing population in years to come. Increasing dependency ratios in the
population drive up government outlays on public pensions and health
care expenditures. In order to avoid tensions between the generations,
most governments seek ways to stimulate labor force participation of
the old in order to keep government finances sound. Labor force at-
tachment of the old is generally very low in the European countries.
One can say that this is a waste of human capital, see also Bovenberg
(2001). Often fiscal measures directed at the old and long-term un-
employed are advocated, but also incentives to acquire skills so that
it becomes more attractive to enter (remain) in the workforce. Fur-
thermore, governments that face future problems in financing state
pensions may stimulate private savings through reduced tax rates on
pension savings. This has also consequences for skill-acquisition since
it may become more attractive to retire early, which in turn contributes
to the under-utilization of human capital.

• The race between technology, capital, trade and education – Skill bi-
ased technological change and capital skill complementarities are im-
portant reasons for widening wage disparities between skilled and un-
skilled workers, see e.g. Katz and Autor (1999) and Beaudry and Green
(2000). Furthermore, specialization patterns in Western countries im-
ply that production becomes more skill-intensive, see e.g. Wood (1994).
All these factors increase the demand for skilled workers relative to the
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Chapter 1 Introduction

unskilled. If the relative supply of skilled workers remains fixed, this
results in more wage inequality. The government may want to re-
duce resulting income inequalities by setting more progressive taxes.
A rising skill-premium may also justify larger private contributions to
education, so that public subsidies on education could be reduced. On
the other hand, education subsidies are also proposed to reduce wage
inequalities by stimulating the relative supply of skilled workers. Stim-
ulating the relative supply of skilled workers reduces the skill premium,
see e.g. Tinbergen (1975) and Dur and Teulings (2001). It is there-
fore not clear cut what the race between technology, capital, trade and
education means for policy.

• ICT – ICT is thought to contribute importantly to skill biased techno-
logical change, see also Autor, Katz and Krueger (1998) and Katz and
Autor (1999). Wage inequality increases due to ICT and tax or edu-
cation policies may be employed to reduce these inequities. ICT also
allows the government to process more information regarding character-
istics of tax payers so that important trade-offs (e.g. equity-efficiency)
may become less restrictive. On the other hand, due to the introduction
of information and communication technologies tax avoiding activities
are facilitated so that tax bases may become even more mobile interna-
tionally, so that the scope for setting more progressive taxes is limited.

• The ‘knowledge economy’ - The ongoing de-industrialization of pro-
duction activities make knowledge more dominant as a factor of pro-
duction. Growth prospects become more dependent on the supplies of
human capital and knowledge rather than physical capital. Many pol-
icy makers therefore propose policies to stimulate skill acquisition (tacit
knowledge) and R&D activities (codified knowledge) either through in-
creased incentives as a consequence of lowering marginal tax rates on
labor or firms, higher subsidies on skill formation, or through institu-
tional reforms in the education/tax system, see for a critical discussion
also Heckman (2000). Whether the cutting of marginal rates on labor
income or capital is a necessity or an optimal response to stimulate
knowledge formation in general can be debated because of its costs in
terms of redistribution, see also Jacobs and De Mooij (2001).

• Education and empowerment - Exponents of the so called ‘third way’
see an important role for the government to empower people. Empow-
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Public Finance and Human Capital

erment has something of a mystic spell, but as I interpret it, empower-
ment has to do with guaranteeing equality of opportunity. Education is
seen as a vital instrument to guarantee equal chances in life, especially
for the lower socioeconomic classes. The main attention is focussed
on preventing bad social economic outcomes by providing people with
enough opportunities to acquire skills rather than (ex post) evening out
the social economic outcomes through a well developed welfare state
and progressive taxes.

• Constraints on policy - In response to deteriorating government finances
in the eighties and the entrance criteria for the EMU, some countries
have cut government spending in general and expenditures on educa-
tion in particular. However, enrolment in (higher) education has been
steadily increasing over time. According to Barr (1998) this has caused
a crisis in the funding of higher education. As such, policy interest
in financing education increased as governments seek ways to control
outlays on education. To circumvent pressures on government budgets,
some governments increased private contributions to higher education
e.g. Australia, UK, and the Netherlands have decreased subsidies on
higher education and replaced these by increases in private contribu-
tions through better borrowing facilities for students.

• Individualization and increasing diversity - Policymakers call for more
differentiated public policy packages that fit better to more diverse
tastes and demands that originate from ongoing trends towards more
individualization. Educational services may be perceived as a strait-
jacket for large and more heterogenous groups of increasingly wealthy
students, see for example Ministry of Education (2001a) and Rinnooij
Kan et al. (2001). In this respect publicly provided education which
is charged at uniform prices is regarded to neglect the larger prefer-
ences for variety in a changing society. However, most proposals for
more diversity in the education system are coupled to larger private
contributions to education, since it is argued that when educational
choices are left to private responsibilities, the government should apply
the ‘benefit principle’ more strongly as well.

Clearly, some of these policies may be complementary, but some others
are not internally consistent. For example, if the objective is to stimulate
human capital formation, one can argue that increasing incentives to save
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Chapter 1 Introduction

in financial capital discourages savings in the form of human capital. If
the objective is to stimulate learning, increasing private contributions and
lowering education subsidies, may not help much either. Lowering taxes on
skilled labor and capital may have positive consequences for incentives to
invest in human or financial form, but these may increase wage inequality.
Improving labor market prospects for the low skilled, by means of an EITC,
may stimulate employment of the low skilled, but tend to make the tax
system more progressive, so that incentives to acquire skills are reduced, and
so on. A better understanding of the effectiveness of public finance issues in
relation to the incentives to acquire skills is not only of theoretical but also
of practical relevance.

1.3 Theory on taxation and human capital

What does economic theory say about taxes and human capital formation?
This section provides a birds eye view of the theoretical insights that have
been gathered until now. Furthermore, the end of the section contains a
short discussion of shortcomings in this literature that provide arguments to
study various issues in more detail.

1.3.1 An overview of the literature

Given the generally acknowledged presumption that taxes distort economic
incentives it is not surprising that attention has been paid to the consequences
of labor and capital taxation for incentives to acquire skills. The academic
debate on the effects of taxation on human capital formation developed in,
say, two important steps. First, there were some important early studies on
taxation and human capital formation (Boskin, 1975; Heckman, 1976; Kot-
likoff and Summers, 1979; Eaton and Rosen, 1980; Driffil and Rosen, 1983).
These studies were inspired by the human capital revolution in economics
as pioneered by Mincer (1962), Schultz (1964) and Becker (1964). However,
theoretical interest in issues on taxation and human capital formation re-
mained somewhat slack for a decade or so until endogenous growth theories
came to the fore. Endogenous growth theories attributed an important role
to human capital in the process of economic growth (Lucas, 1988) or techno-
logical change (Romer, 1990). It was only until the end of the eighties when
the literature really boomed: Lord (1989), King and Rebelo (1990), Lucas
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(1990), Rebelo (1991), Jones, Manuelli and Rossi (1993, 1997), Nerlove et al.
(1993), Pecorino (1993), Trostel (1993), Stokey and Rebelo (1995), Boven-
berg and Van Ewijk (1997), Nielsen and Sørensen (1997), Milesi-Feretti and
Roubini (1998), Hendricks (1999), and Judd (1999), amongst others.

Findings from this literature are somewhat extreme. On the one side of
the spectrum we have the analyses by Boskin (1975) and Heckman (1976).
They argue that labor taxation is generally not important for human capital
formation. On the other side of the spectrum, e.g. Trostel (1993) concludes
“Thus the conclusion that taxation significantly discourages investment in
human capital seems inescapable”. This may seem very odd so therefore we
attempt to explain the different findings in the literature in some more detail
now.

To that end, let’s consider a stripped down representative agent version
of the two-period life-cycle model that is the basis of this thesis. Before-tax
wage rates and interest rates are exogenously given.3 The before-tax wage
rates per efficiency unit of human capital, as well as the price of consumption,
are normalized at unity in both periods.4 The agent has one unit of time in
each period of its life. The agent is born with one efficiency unit of labor. In
the first period the agent spends a fraction e of time on education, so that a
fraction 1−e is left for (unskilled) work. Acquisition of human capital requires
not only time, but also commodities (tuition, books, computers, et cetera).
Every unit of time invested in education requires k market goods invested.5

We assume that there is no leisure and no consumption in the first period.
There is no need to add further complexity because our model is sufficiently
rich to describe the main effects of taxation found in the literature.

We borrow the two bracket labor tax schedule from Nielsen and Sørensen
(1997). Below an exogenous threshold χ, labor income is subject to a tax
rate t1. Above this threshold, a tax rate t2 applies. If t2 > t1 the tax system
features increasing marginal tax rates on labor income. We assume that first-
period labor income falls strictly in the first tax bracket. We assume that
the consumer does not select the kink in the budget constraint to avoid tax

3The model can thus be viewed either as a partial equilibrium model of a closed economy
or a model of a small open economy in which the international capital market fixes the
interest rate.

4Workers earn the same gross wage per unit of human capital, so that workers with
different skills are perfect substitutes on the labor market.

5For simplicity we do not allow for substitution between goods and time in the accu-
mulation of human capital.
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t2. First-period labor income 1 − e < χ is thus taxed at a marginal rate of
t1. Goods invested in education are not deductible from the labor income
tax. We abstract from consumption in the first period so that savings a are
given by after-tax labor income in the first period minus the goods invested
in learning (net of subsidies): a = (1− t1)(1− e)− ke.

In the second period, human capital is supplied to the labor market in
the form of skilled labor. φ(e) ≡ eβ, 0 < β < 1, is the production function
for human capital and measures the number of efficiency units of human
capital resulting from learning efforts in the first period e. Nothing critical
depends on the functional form of the production function. In the second
period, a fraction v of the time endowment is devoted to leisure, while the
rest (i.e. l = 1−v) is spent working. One may also interpret v as years spent
in retirement, see Kotlikoff and Summers (1979). Before-tax labor income
(from skilled work) lφ(e) exceeds χ, so that it is subject to marginal tax
rate t2, i.e. lφ(e) > χ. Capital markets are perfect. Income derived from
accumulation of financial assets is Ra, where R ≡ 1 + (1− τ)r, and r is the
exogenous real interest rate and τ denotes the tax rate on capital income. All
income from human and financial sources is spent on consumption c. Second-
period consumption is untaxed. Hence, the second-period budget constraint
amounts to: c = (1− t2)lφ(e) +Ra+ (t2 − t1)χ.

Without loss of generality we assume that the agent derives utility from
consumption and leisure according to the following quasi-linear utility func-

tion: u(c, v) = c − (1−v)1+1/ε

1+1/ε
where ε > 0 governs the (un)compensated wage

elasticity of labor supply. There are no income effects in labor supply. We
can solve for learning time from the first-order conditions:

e =

(
β(1− t2)

1+ε

R(1− t1 + k)

)α
,

where α ≡ (1 − β(1 + ε))−1 > 0.6 Clearly, investments in human capital
increase if:

• the tax rate t2 decreases since it increases the wage returns of invest-
ments in human capital in the second period,

• the tax t1 increases since it lowers the costs of foregone earnings,

• costs k of non-deductible goods invested in education decrease,

6Second-order conditions for an interior optimum require that β(1 + ε) < 1.
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• the capital tax increases (lower R) since financial savings become less
attractive relative to human savings.

For later reference, we also derive optimal labor supply:

l = ((1− t2)φ(e))ε ,

where e is given above. This equation reveals an important interaction be-
tween learning and labor supply behavior. If more time is devoted to learning,
wage rates per hour increase and less time is spent on leisure (retirement).
This is due to the fact that the substitution effect dominates the (absent)
income effect in labor supply. Therefore, more skilled workers work more and
retire later because it is more costly to do so. This is in line with casual obser-
vation and suggests that both labor market policies and education/training
policies are mutually reinforcing. We now discuss four effects of labor and
capital taxes on investments in human capital.

The progression effect

We assume that investments in human capital requires no market goods
(k = 0). Further we assume that labor supply is exogenous, i.e. ε = 0 and
there are no capital taxes (τ = 0). Taxes are progressive in the sense that
second period income is taxed at a marginal higher rate than first period
income, i.e. t1 < t2. The solution for learning time is:

e =

(
β(1− t2)

R(1− t1)

)α
.

More tax progression harms investments in human capital because the ben-
efits of learning, future wage incomes, are subject to higher taxes than the
costs, i.e. foregone earnings, of learning, and vice versa. If the tax system
is flat t1 = t2 = t future earnings are subject to the same rate of tax as
foregone earnings, so that the labor tax is a pure profit tax that taxes only
the inframarginal rents of human capital without distorting the education
decision, cf. the discussion on the corporate income tax in Atkinson and
Stiglitz (1980, ch.5).

Proposition 1 Progressive labor taxes ( t2 > t1) reduce investments in hu-
man capital.
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The progression effect is driving the adverse effects of taxation on human
capital accumulation in Bovenberg and Van Ewijk (1997) and Nielsen and
Sørensen (1997). In contrast, Boskin (1975), Heckman (1976) and many
others may find no effect of taxing human capital if they assume that taxes
are flat.

The utilization effect

Now we assume that taxes are flat t1 = t2 = t, production of human capital
requires no market goods (k = 0), and capital taxes are absent (τ = 0).
Solving for learning time yields:

e =

(
β(1− t)ε

R

)α
.

Flat taxes induce agents to work less, due to a dominant substitution effect
in labor supply. Consequently, at lower levels of labor supply, the utilization
rate of acquired human capital falls, and the returns on human capital in-
vestments are reduced accordingly. Therefore, investments in human capital
are reduced. Clearly, the tax rate cancels out if labor supply is exogenous,
i.e. when ε = 0.

Proposition 2 Flat labor taxes reduce investments in human capital if labor
supply is upward sloping ( ε > 0).

Jacobs (2000a) shows that the last result can be generalized for any utility
function with income effects. Then, results continue to depend on whether
labor supply is upward sloping or not. If labor supply is upward (downward)
sloping, the substitution effect dominates (is being dominated by) the income
effect, and higher taxes on labor income decrease (increase) labor supply.
Returns on investments in human capital decrease (increase) and investments
in human capital decrease (increase) accordingly.

Often taxes are found to have no effects on learning even when labor sup-
ply is endogenous. The reason is that preferences are restricted for technical
reasons in most of the papers mentioned above. These restrictions are not
innocent because these restrictions eliminate adverse effects of labor taxes
on skill formation.

Assumptions on preferences in (endogenous) growth models are needed
in order to ensure convergence to a steady state where positive and constant
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amounts of leisure are chosen. Leisure demand is determined by the wage
rates per hour, which is equal to product of the stock of human capital h
and the wage rate w per unit of human capital. On a balanced growth path,
wage rates per hour grow at the constant growth rate of h. Therefore, either
the amount of leisure consumed goes to zero or it goes to infinity in the long
run in case preferences are unrestricted, see also Weiss (1986). In all the
endogenous growth models, and most life-cycle models with human capital
formation, the human capital stock h increases linearly with the level of
human capital, ḣ = hφ(e), see e.g. Lucas (1988).7 Consequently, ḣ/h = φ(e)
is constant if e is constant. Two solutions may be proposed to get rid of
corner solutions in leisure demand.

First, utility functions of the following (weakly) separable form can be
applied: u(c, v) = (c1−θ exp[(1− θ)ϕ(v)]− 1)/(1− θ) where ϕ(v) is a leisure
sub-utility function with ϕ′ > 0, and ϕ′′ < 0, and θ denotes the inter-
temporal elasticity of substitution in consumption, see also King, Plosser and
Rebelo (1988) or Barro and Sala-i-Martin (1995). In models with this utility
function, the amount of leisure increases (decreases) during the transition
towards the steady state value in an economy with positively growing human
capital if the income effect dominates (being dominated by) the substitution
effect. We have uv/uc = cϕ′(v) = (1−t)wh, where the last term is the relative
price of leisure in terms of consumption. In the steady state, if human capital
h and consumption c grow at constant and equal rates, the amount of leisure
v chosen is constant since h/c is constant. In most cases, an even simpler
utility function is used with a unitary elasticity of substitution: u(c, v) = cvη,
see for example Pecorino (1993), Trostel (1993), Jones, Manuelli and Rossi
(1997). Using this utility function in the current model gives: uv/uc = ηc/v =
(1− t)h. If h/c is constant – both human capital and consumption grow at
equal rates – so will be the amount leisure time chosen. Clearly, substitution
and income effects cancel out in the steady state, so that in the steady state
the amount of leisure chosen is fixed and human capital investments are not
affected by taxes through the utilization of human capital.

Second, leisure time can be re-scaled with the stock of human capital to
get ‘effective leisure’. This solution is based on Becker’s (1965) notion that
a higher level of human capital increases the value of leisure time, see also
Heckman (1976), Lucas (1990), Stokey and Rebelo (1995), and Milesi-Feretti

7Note that in our two period model ho = 1, i.e., workers are born with one efficiency
unit of human capital and h1 = φ(e).
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and Roubini (1998). To show this, let utility be designated by u(c, ϕ(h, v))
where ϕ is a sub-utility function or the ‘leisure technology’. It consists of
‘raw’ leisure v, and human capital h. In the model of this Chapter, we derive
the following marginal rate of substitution between consumption and effective
leisure: uϕϕv/uc = (1 − t)h. On a balanced growth path, v is fixed only if,
first, u is homothetic, so that uϕ/uv is constant if h and c are growing at
constant and common rates, and, second, if ∂ϕ/∂v = h. This is the case if ϕ
is linear in h, i.e. ϕ = hv. Exactly this specification is used in the literature.
In this case, taxes affect the labor-leisure decision, but not the human capital
investment decision, because the leisure choice is not affected by the level of
human capital.

The feature that productivity of leisure time increases one for one with
the stock of human capital is therefore rather special. It has the consequence
that taxes do not affect human capital formation through the utilization
effect since investments in human capital are independent from the amount of
leisure chosen. This assumption is essential for the neutrality of income taxes
in Heckman’s (1976) analysis. It is not necessary to make this assumption in
a life-cycle model. Studies of life-cycle models have therefore found negative
effects of taxing human capital income on learning, see e.g. Kotlikoff and
Summers (1979), Driffil and Rosen (1983), and Hendricks (1999).

The deduction effect

In this case, we assume that taxes are flat t1 = t2 = t, labor supply is
exogenous ε = 0, and capital taxes are absent (τ = 0). Learning time is now
given by:

e =

(
β

R(1 + k/(1− t))

)α
.

From the last equation it can be seen that k, the amount of market goods
required per year of education determines to what extent the non-tax de-
ductibility of goods invested in education reduces investments in human cap-
ital. The intuition is that the benefits are taxed at rate t whereas the costs
are taxed at rate smaller than t since goods invested are non-taxed whereas
foregone earnings are. If goods are deductible at the same rate t private
agents would only pay (1 − t)k, rather than k, so that all costs and bene-
fits are taxed at rate t so that the tax rate disappears from last equation.
Equivalently, the government may subsidize direct costs at rate s = t so that
private agents only pay (1− t)k.

13



Public Finance and Human Capital

Proposition 3 Flat labor taxes reduce investments in human capital if costs
of education are not fully tax-deductible.

Lord (1989), Trostel (1993), Nerlove et al. (1993) formulate models with
non tax-deductibility of goods invested in human capital. This discourages
human capital formation. Heckman (1976) and Hendricks (1999) assume
that goods invested in education are in fact deductible from the income tax,
so that there is no effect through this mechanism in their analyses.

In (endogenous) growth models with human capital accumulation, flat tax
on labor can also adversely affect human capital investments if the capital
stock K enters the production function of human capital, e.g. ḣ = φ(e, h,K).
The rental payments for the use of capital goods in producing human capital
are qualitatively similar costs as market goods invested in education. If
capital income is not taxed, or taxed at a lower rate than labor income, the
total costs of learning (rental payments and foregone earnings) are lowered
less by taxation, than the benefits of learning are lowered.8 This mechanism
whereby taxes distort investments in human capital is therefore equivalent
to the case when goods enter the production function of human capital. See
e.g. King and Rebelo (1990), Rebelo (1991), Pecorino (1993), Jones, Manuelli
and Rossi (1993, 1997), Stokey and Rebeleo (1995), and Milesi-Feretti and
Rubini (1998).

The implicit subsidy effect

Finally, we assume that taxes are flat t1 = t2 = t, labor supply is exogenous
ε = 0, and no goods are invested in education (k = 0). Learning time is now
given by:

e =

(
β

1 + r(1− τ)

)α
.

Clearly, higher capital taxes increase investments in human capital since
financial savings become less attractive relative to human savings. The intu-
ition can be made clear in three (economically equivalent) ways. First, the
rate at which future earnings are discounted decreases so that the present
value of the returns to investments in human capital increases. Consequently

8This presumes that the tax treatment of the rental payments for capital goods used
in production of human capital are the same as the tax treatment of rental payments for
capital goods used in production.
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investments in human capital increase. Second, since arbitrage between fi-
nancial savings and human savings should hold, a lower return on financial
savings implies that the return on human savings should fall, which can only
be accomplished by investing more in human capital since there are dimin-
ishing returns to investments in human capital. Third, effective borrowing
costs to finance investments in human capital decrease when these costs are
reduced by the capital tax. In any case, a capital tax acts as an implicit
subsidy on investments in human capital. Edlin (1993) and Feldstein (1995)
have argued, similarly, that education subsidies are like an implicit tax on
capital income.

Proposition 4 Capital taxes ( τ > 0) increase investments in human capi-
tal.

Heckman (1976) and Nielsen and Sørensen (1997) find that capital (or
interest) taxes encourage human capital formation.

Summary taxation and human capital accumulation

The literature suggested that taxes distort the human capital investment de-
cision through four channels: tax progression; distorted labor supply reducing
the ‘utilization rate’ of human capital; non-deductible direct expenditures;
and the presence of capital taxes. Some studies have found no effects of
taxing labor income on human capital accumulation. It is clear that this
happens only under special circumstances. In particular, the following spe-
cial conditions must be met: i) labor taxes are flat9; ii) labor supply is not
affected by labor taxation; iii) direct costs of education are either absent
or fully deductible. If capital taxes are positive, they tend to increase the
incentives to invest in human capital.

Given that these conditions are only met in limiting cases it is hard to
argue that taxes on labor and capital income have no effect on investment
decisions in human capital, at least from a theoretical perspective. The
progression and utilization effects are clearly of practical relevance, and non-
deductibility argument is potentially relevant as well since costs of education
are generally not deductible. At a more abstract level, one may argue that
non-deductible costs of education reflect the inability of the government to

9In a growth dynamic context, this condition is even stronger because taxes then also
need to be constant over time.
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monitor educational efforts adequately, so that it is difficult to introduce
tax-deductions.

Empirically, the impact of taxes depends of course on the elasticities
of investments in human capital with respect to the taxes. We know that
graduates respond to changes in tuition rates, foregone earnings and future
earnings, in their decision to enroll in education, see for example Leslie and
Brinkman (1984), Kane (1997), Oosterbeek and Webbink (1995), and others.
Notwithstanding that empirical estimates of elasticities do not seem to be
very high. Since the taxes (subsidies) directly affect e.g. foregone earnings,
future earnings and education costs we are inclined to think that taxation is
of empirical importance as well.

The empirical assessment of the role of capital taxes is more complicated
and not much is known. A priori it is not clear to what extent capital taxes
encourage investments in human capital. First of all a problem arises to what
extent capital is really taxed. Gordon and Slemrod (1988) for example argue
that, on average, capital is not taxed. However, not average but marginal
taxes seem to be relevant. Second, what is the relevant marginal tax rate
on capital income when investments in human capital are concerned? Given
that governments tax various sources of capital income differently, or may
even subsidize capital income (owner occupied housing and pensions), it is
not clear how taxes capital income affects investments in human capital, see
Jacobs and De Mooij (2001) for a more elaborate discussion on this issue.

Finally, education subsidies are not very much discussed in the taxation
literature, although these are the natural complements to taxes. Education
subsidies encourage human capital formation and may therefore be used as an
instrument to offset negative incentives on learning through the tax system,
see also below.

1.3.2 Where’s the income distribution?

Most of the recent academic analyses on taxation and human capital forma-
tion perhaps echo the supply side view on taxation. The title of Lucas’ (1990)
paper “Supply Side Economics: An Analytical Review” is very suggestive in
this respect, and the paper leaves no room for doubt: “I now believe that
neither capital gains nor any of the income from capital should be taxed at
all” (p.293). However, redistributional aspects seem to have vanished totally
from the literature on taxation and human capital formation, since none of
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the aforementioned studies considers redistributional concerns.10

The lack of attention for the income distribution contrasts heavily with
the more traditional analyses on taxation and labor supply that originated
from the Nobel-prize winning article by Mirrlees (1971). This can be con-
sidered a serious drawback. In my opinion, the ultimate reason for having
distortionary taxes is for purposes of correcting inequalities in the income
distribution, otherwise governments would use lump-sum taxes. Therefore,
one could say that the scientific debate has turned its attention away from
the ultimate reasons for having distortionary taxes.

1.3.3 Non-tax distortions in capital and insurance mar-
kets

Other voids in the literature on taxation and human capital are the absence
of imperfect capital markets and imperfect insurance markets in the analyses
of taxation and human capital formation. In reality, human capital is gen-
erally regarded as illiquid and bad collateral since trade in claims on human
capital (slavery) is forbidden, see also Friedman (1962). An exception to the
literature is Nielsen and Sørensen (1997), but they find some ambiguities on
the role of liquidity constraints on the setting of the optimal tax system.

For the similar reasons as credit markets fail, insurance of the income
risks associated with investments in human capital is also impossible. Con-
sequently under-investment is likely to occur. Eaton and Rosen (1980) were
among the few to recognize that redistributive taxation is optimal because of
its insurance properties. In the presence of non-tax distortions due to failing
capital and insurance markets, it is not a priori clear whether (progressive)
taxation is a bad thing. Second-best considerations suggest that redistribu-
tive taxes may actually reduce initial non-tax distortions, see also Varian
(1980) and Sinn (1995).

Furthermore, even if capital markets and insurance markets are present,
they would probably fail due to asymmetric information between banks and
borrowers and between insurance companies and the insured. This may cause
adverse selection effects so that credit rationing may occur, see Stiglitz and

10There are some older papers in the spirit of Mirrlees (1971) on optimal taxation and
education, see for example Ulph (1977), Hare and Ulph (1979) and Tuomala (1980), but
they all have in common that the tax system does not affect education choices, see also
later in this thesis.
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Weiss (1981) or insurance markets may not even exist, see also Rothshield
and Stiglitz (1976). Also moral hazard may give rise to failures in capital
and insurance markets, see Stiglitz and Weiss (1981) and Arnott and Stiglitz
(1990).

1.4 Theory on subsidies and human capital

In this section we discuss the theoretical reasons for having subsidies on
human capital. We also attempt to answer the question whether education
subsidies can be justified for these reasons. Furthermore, we discuss some
potential reasons for education subsidies that have not been discussed much.

1.4.1 Economic arguments to subsidize human capital

The literature on the economics of education discusses essentially six ar-
guments to subsidize education and skill formation: external effects, capital
market failures, insurance market failures, merit good arguments, distortions
related to imperfect labor markets or an unequal income distribution, and the
time inconsistency of government policies. We discuss each of them below.

External effects

“Much has been made of the external benefits of education, and
some extraordinary claims made. For example, people have pointed
out what fun it will be for the existing graduates to have more
other graduates to talk to. I have never seen it pointed out that by
the same token the non-graduates will have fewer non-graduates
to talk to”, Layard (1980, p.741)

First, and mostly mentioned, large subsidies on education are justified
on the basis of perceived externalities of education. Parents and students
do not take into account that their investments in human capital may be of
social value above the private return on education, so that they under-invest
in human capital, see for example Romer (1986, 1990) or Lucas (1988).

Suppose that the production function on human capital is φ(e) = eβ ēγ,
β + γ < 1, where ē is the average level of education in the whole economy,
then in symmetric equilibrium (e = ē) the representative individual would
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choose education according to:

e =

(
β

R

)α
.

where the elasticity α is modified to α ≡ (1− (β + γ)(1 + ε))−1 and we have
set t1 = t2 = τ = k = 0. If, on the contrary, the government would choose
the optimal level of education, and it takes into account the external effect,
the optimal level of education is:

e =

(
β + γ

R

)α
.

Clearly, private agents under-invest in human capital from a social perspec-
tive. If the government gives subsidy at rate s = γ/(β+ γ) per year invested
in education, the externality will be internalized.11 This expression has an
intuitive interpretation. For example, if externalities are such that social
returns are 50% higher than private returns (γ = β), so that private agents
only receive half of the total benefits, then they should see their educational
costs being halved as well in order to induce them to select the optimal level
of education. I.e. subsidies should then be equal to 50%.

The problem with the externalities argument is that it is notoriously dif-
ficult to detect positive externalities from education, see for example Heck-
man and Klenow (1997), Acemoglu and Angrist (1999), Krueger and Lindahl
(2002).12 This could imply that the government may actually choose the cor-
rect level of education subsidies so that external effects are internalized and
go largely unnoticed in empirical work. Alternatively, one may, as Heckman
and Klenow, phrase the issue more provocatively, as follows: “What level of
externality would justify U.S. college education subsidies?” (p.12). These
authors come to the following conclusion: “We estimate that, to justify the
current level level of subsidies to public college instruction in the U.S., the
social marginal product of human capital gained from college education has
to be about 30% higher than the private marginal product (p.3-4)”. Finally,

11This presumes that the subsidy can be financed in lump-sum fashion, otherwise a
trade- off would appear between internalizing the externalities and distorting economic
incentives with the subsidy.

12Some affirmative results on the importance of human capital for growth found in early
empirical papers (e.g. Mankiw, Romer and Weil, 1992; Benhabib and Spiegel, 1994; Barro
and Sala-i-Martin, 1995) have been seriously questioned by Krueger and Lindahl (2002).
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even if one tends to believe that externalities of education matter, one needs
to ask what type of externalities are in fact generated. Also negative exter-
nalities may matter. For example, Murphy, Schleifer and Vishny (1991) find
evidence that a larger numbers of law graduates may actually reduce the rate
of economic growth as a consequence of rent seeking behavior. Furthermore,
if education is a signalling or screening device, social losses occur because
the investment in human capital only signals ability, see also Arrow (1971),
Spence (1973) and Stiglitz (1975).

Capital market imperfections

A second reason for education subsidies could be that capital markets fail
to deliver funds to young people so that they are liquidity constrained or
are confronted with high borrowing rates in financing their education. The
capital market fails because there are legal restrictions. Trade in claims on
human capital is forbidden in a non-slave state. Therefore, human capital
is bad collateral because of its illiquidity and there may be large transac-
tion costs involved, see for example Friedman (1962). Moreover, information
asymmetries (moral hazard and adverse selection) between borrower and
bank results in credit rationing, see Stiglitz and Weis (1981). This increases
the effective rate at which investments in human capital are discounted, say
from R to R′ > R. Clearly, investments in human capital e are lower then:

e =

(
β

R′

)α
.

From a social perspective under-investment in human capital results and sub-
sidies on education (financed through lump-sum taxes) at rate s = (R′−R)/R
may restore incentives to invest in human capital. Especially students from
poor backgrounds are expected to under-invest in human capital because
they face financing problems. One may however question the validness of
education subsidies on the basis on capital market imperfections since first-
best is to restore the imperfection directly by for example giving loans, rather
than subsidies.

Recently, some economists have begun to argue that capital market im-
perfections are not that important, see Cameron and Taber (2000) and Heck-
man (2000). The seemingly non-importance of capital market imperfections
is highly controversial however and the verdict is not out yet. For example,
Plug and Vijverberg (2001) find, after careful estimation, strong evidence
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for the importance of liquidity constraints in education choices.13 Also Shea
(2000) presents empirics for the lowest 25% of the population that can be
taken as evidence for credit constraints.

Insurance market imperfections

A somewhat more subtle argument in favor of education subsidies is the fail-
ing of insurance markets that gives rise to under-investment. Risk averse
students require a ‘human capital equity premium’ on their investments if
the returns to these investments are risky. This is similar to the equity pre-
mium on stocks. From a social perspective, under-investment results if these
risks can be diversified away. Normally, private parties would offer insurance
contracts. But insurance contracts require trade in income contingent claims
on human capital. However, income insurance cannot arise due to legal re-
strictions (non-slavery). This is similar to the capital market failure. Again,
students effectively discount future earnings at higher rates than socially op-
timal, say at rate R′ = R + π where π is the risk-premium associated with
investments in human capital. I.e. they apply a risk-adjusted discount rate.
A subsidy at rate s = π/R internalizes this insurance market failure. This is
of course not the case if all income risks are in fact endogenous due to a moral
hazard problem, or due to non-diversifiable risks such as e.g. macroeconomic
shocks.

Not really much is known with respect to failing of insurance markets.
Judd (2001) argues that there is large under-investment in education in view
of the high rates of return to human capital that are as large as returns on
equity. So there is a ‘human capital equity premium puzzle’. In addition,
many proposals by economists for the design of education financing systems
are based on notions that graduates should be protected against the risk
of paying large fractions of earned income to repay loans when incomes are
low. I.e. there should be some income insurance that protect graduates, see
e.g. Friedman (1962), Nerlove (1972, 1975), Chapman (1997). And, to make
matters even more confusing, findings by Gould et al. (2000) suggest that
education serves as an insurance device. I.e. risks in future incomes decreases
when more education is taken up, due to for example lower unemployment

13Evidence for liquidity constraints is based on Becker and Tomes’ (1979, 1986) notion
that, when investments in human capital are constrained, parental incomes determine
education choices of children. If the capital market was perfect, these education choices
were independent from parental incomes.
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rates. This implies that education serves as an insurance device, so that
the risk-premium on investments in human capital is negative. As such the
‘human capital equity premium puzzle’ is even more puzzling.

Other distortions

Recently, some authors suggested that education subsidies may also be used
to correct other market or government distortions. The literature gives two
other arguments to subsidize education related to distortions on education
choices through the tax system and non-tax distortions of the income dis-
tribution. First, Trostel (1996) has argued that the tax system distorts ed-
ucation choices because costs of education are not deductible. Education
subsidies can correct for this tax distortion by lowering the (direct) costs of
education. As such education subsidies can correct for tax distortions. Van
Ewijk and Tang (2000a) also analyze the role of education subsidies to reduce
tax distortions. The labor market features too high unemployment rates be-
cause unions drive up wages. The government then uses a progressive labor
tax to punish wage demands of unions and to increase employment. How-
ever, this discourages learning efforts. By allowing for education subsidies,
the government can (fully) off-set the distortionary impact of tax progres-
sion on learning incentives. As such it can stimulate employment with a more
progressive tax system without harming human capital accumulation.

Second, Dur and Teulings (2001) show that education subsidies may help
to achieve a more equal income distribution, a non-tax distortion. They allow
for imperfect substitutability of workers in production so that wage differen-
tials decrease if the relative supply of skilled workers increases. Education
subsidies stimulate the supply of skilled workers so that wage differentials
between skilled and unskilled workers decrease. Consequently, the govern-
ment may want to use education subsidies to meet its distributional ends.
The question is whether this argument gives a strong justification of giving
large scale education subsidies. The reason is that the incidence of education
subsidies is highly unequal and income inequality increases for that reason.
Dur and Teulings (2001) find that, although wage equality decreases through
general equilibrium effects, the reduction in wage inequality is exactly offset
by the negative incidence of education subsidies.
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Time inconsistency of government policies

Recently, Boadway et al. (1996) and Andersson and Konrad (2000) have
shown that the government policies may be dynamically inconsistent. The
government may want to renege on earlier announcements in setting a par-
ticular tax system and engage in ‘excessive’ redistribution of incomes after
investments in human capital have been made. These investments are sunk,
so that the government has a non-distortionary tax at its disposal. However,
rational people anticipate this behavior of the government and under-invest
in human capital. The government faces a Levithian dilemma and should
take behavioral responses induced by policies into account when setting op-
timal taxes. The government can (partly) escape this dilemma by means of
educational policies or education subsidies. As such this may be an additional
explanation for the use of education subsidies.

A related, but still unexplored corollary to these papers is that education
policies may be a potentially effective device to solve another type of time-
inconsistency problem. The government enforces minimum wage laws for
poor workers, and protects the poor from social exclusion and poverty by
means of social insurance and social benefits. Especially, the low ability
agents face large disincentives to invest in skills and human capital in the
presence of a well developed welfare state. This creates a so called Samaritan
dilemma for the government.14 The poor know that society takes care of them
if they turn out to be unemployed since a decent society will not let people
live in poverty. The result is an excessive demand for social insurance and
benefits and under-investments in human capital. Education policies may
potentially be suited to soften this Samaritan dilemma. By giving incentives
to especially the low talented people to invest in human capital, the risk
that they turn out to be living on the dole reduces. The reason is that, for
skilled workers opting for a social benefit becomes less attractive since their
wages are higher relative to the benefit. Many government policies that look
paternalistic at first sight, are efficiency enhancing in this ‘third-best’ world
with dynamic inconsistencies. Various empowerment policies can thus be
viewed as solutions to the Samaritan dilemma.

14Some papers have discussed the Samaritan dilemma in the context of physical capital
accumulation (Bruce and Waldman, 1991; Coate, 1995).
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Non-economic arguments

Education is often viewed as a merit or public good with intrinsic and non-
monetary values such as promoting citizenship, contributing to culture, et
cetera. To the extent that society values education, above the private valua-
tions of education, there is an argument to subsidize education. The question
is whether merit or public goods arguments apply to all types of education.
One can clearly make a case for subsidizing e.g. arts history of archeology.
However, this does not necessarily imply that also e.g. economics and law
need to be subsidized. To avoid dead weight losses, it is generally better to
target subsidies to these specific subjects rather than subsidizing education
across the board. In this book, we abstract from these issues.

Also political mechanisms may explain why education is subsidized. Po-
litical elites are typically also higher educated. A similar story can be told
for arts subsidies. For example, Fernàndez and Rogerson (1995) show that
perverse redistribution in the form of education subsidies may occur as a
consequence of imperfections in the political process.

1.4.2 Subsidies and market failures

Although the six arguments presented above are indeed arguments to subsi-
dize education, education subsidies need not be the best instrument to solve
the under-investment problem. There are basically two questions relevant
here. First, what is the ‘best’ way to eliminate distortions in the accumu-
lation of human capital? We focus on three types of distortions in human
capital accumulation: tax distortions that are associated with redistribution
or correcting labor market failures, capital market failures and insurance
market failures.

Second, are education subsidies indeed the best response to address dis-
tortions in human capital formation? In the case markets fail it is generally
better to tackle the market distortion directly rather than using indirect
instruments such as subsidies. One can argue that loans are better than
subsidies to address liquidity constraints. Furthermore, insurance type of
policies may work better than education subsidies, since education subsidies
do not provide insurance, i.e. do not protect against income uncertainty. On
the other hand, education subsidies might be suited to restore tax distortions,
since education subsidies are negative taxes on skill acquisition.
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1.4.3 Education subsidies and income redistribution?

A related question deals with the effects of education subsidies on the in-
come distribution. Although education subsidies are generally justified to
guarantee access to education for the students from poor backgrounds, one
may doubt whether education subsidies are really that equitable, especially
for education subsidies to higher education. The argument is that subsidies
generate both horizontal and vertical inequities. The incidence of education
is highly unequal, since most of the students enrolled in higher education
belong to the wealthiest socioeconomic classes. In the Netherlands for ex-
ample, about 80% of all education subsidies is collected by the richest half
of the population, SCP (1994).

Furthermore, inequality within birth cohorts increases since the high-
est ability youngsters that enroll in education receive education subsidies,
whereas their less able cohort fellows finance the higher education through
their contribution to general tax revenues. This is based on Arrow’s (1971)
notion that education subsidies are ‘input regressive’, those with higher abil-
ities receive more subsidies because they invest more in schooling. The con-
sequence is that outcomes are more regressive as well, see also Bruno (1976).

In contrast, Dur and Teulings (2001) argue that this unequal incidence is
exactly reversed through general equilibrium effects on wages in the spirit of
Tinbergen (1975). More equality in before tax wages results as a consequence
of higher subsidies on education since education subsidies increase the supply
of skilled relative to unskilled workers which compresses the wage distribu-
tion. Nevertheless, one could be sceptical about strong general equilibrium
effects on wages in a small open economy, as the Netherlands is. In that case
wage inequality between skilled and unskilled workers is determined in world
factor markets and local policies cannot affect factor prices if the economy is
small, see Katz and Autor (1999) and Topel (1999).

Heckman et al. (1998b,1998c) analyze the effects of tax and education
policies in a closed economy general equilibrium model and argue that gen-
eral equilibrium effects are so pervasive that education and tax policies hardly
have any effects in the long-run. In Heckman et al. (1999) an open econ-
omy version of this model is used but this model has somewhat strange
features. For example, there is apparently no international trade which may
lead to (imperfect) wage rate equalization, only interest rates are fixed in
international capital markets. Further, policies that stimulate human capital
formation in open economies would normally attract more capital and give
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Table 1.1: Overview thesis
Chapter

Features 2 3 4 5
Labor tax flat rate flat rate two bracket flat rate
Education subsidies no no yes yes
Capital tax no no yes no
Endogenous labor supply yes no yes no
Capital markets imperfect no yes no yes
Insurance markets imperfect no no no yes
Redistribution yes yes yes no

a larger steady state capital stock. One way or another, this is not the case.

1.5 Overview thesis

In this book we take a typical public finance perspective. We attempt to
answer questions on the optimal design of tax and education policies. These
questions are of interest because ‘first-best’ (perfect markets, no information
problems, no distributional issues, etc) is generally not attainable. There-
fore, second-best considerations become important and trade-offs between
policy objectives appear, such as the trade-off between equity and efficiency.
Moreover, second-best reasoning may actually explain some salient features
of current policies that cannot be understood by relying on first-best argu-
ments.

The central, normative question is how the government should design tax
and education policies. To answer this question we develop theoretical mod-
els very similar to the two period model described above and analyze various
sets of policies in various Chapters. Crucial to our exposition is that income
redistribution is the important justification for using distortionary tax instru-
ments since we rule out individualized lump-sum taxes (or Tinbergen’s talent
tax). The ultimate reason is that the government cannot observe ability or
earnings capacity, only earned income, see also Mirrlees (1971) and Stiglitz
(1982). Furthermore, we pay attention to the role of potentially important
non-market distortions arising from imperfect capital and insurance markets.

Table 1.1 contains the schematic overview of this thesis where the most
important ingredients of the models are given.
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Below we discuss in some more detail the contents of each Chapter. A
remark on the tax schedule is in order to avoid semantic confusion later
on. Throughout, both linear (flat rate) income taxes and non-linear (two
bracket) tax schedules are called progressive taxes in the sense that average
tax rates increase with income, although marginal rates can be constant as
in the linear case. This is caused by a non-individualized lump-sum transfer
(a negative income tax) that supplements the labor tax schedule.

Chapter 2 Optimal income taxation with endogenous human capi-
tal

One of the oldest questions in the studies of optimal taxation deals with
the design of the optimal tax system when the government prefers an equal
distribution of incomes if people differ in their abilities to earn income. If the
government cannot observe these abilities, but has to resort to observations
on earned income, the well known trade-off between equity and efficiency
appears. Achieving a more equal distribution of incomes comes along with
efficiency losses.

In Chapter 2 we add human capital accumulation to the standard model of
optimal linear income taxation, see e.g. Sheshinski (1972), Dixit and Sandmo
(1977). Workers decide not only upon the quantity of their labor supply, i.e.
hours worked, but also human capital accumulation. This is an important
second dimension of labor supply because it enhances the quality of labor
supply. Clearly, the distribution of earnings potentials is now endogenous
because agents both differ in their ability to learn and to earn incomes as
a consequence. This contrasts with the standard optimal taxation problem
where the distribution of earnings potentials is exogenously given, see e.g.
Mirrlees (1971), Stern (1976) or Atkinson and Stiglitz (1980).

We allow for two potential tax-distortions on learning efforts. Taxation
affects utilization rates of human capital as labor supply is affected. I.e. hu-
man capital is not effective in leisure. Furthermore, non-deductible costs of
education distort the learning decision. We do not allow for education sub-
sidies, capital taxes or market imperfections in capital or insurance markets
in this Chapter.

We derive an optimal tax formula that shows the trade-off between effi-
ciency costs of taxation and equity benefits of redistribution. Clearly, labor
supply and learning efforts are interacting: the more leisure agents wish to
consume, the lower are returns on human capital so that learning efforts are
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reduced. The reverse reasoning also holds: the less time agents spend learn-
ing, the lower their future wage rate per hour becomes, and, thus leisure time
becomes cheaper. Therefore, tax distortions in learning and leisure decisions
are mutually reinforcing. As a direct consequence, we derive that optimal
tax rates on labor income decline when human capital formation is taken
into account. Endogenous human capital accumulation makes the trade-off
between equity and efficiency more severe because the elasticity of taxable
labor earnings increases. Consequently, there is less redistribution of incomes
at the social optimum with endogenous human capital formation.

In order to quantify the strength of these potential distortions we per-
form numerical calculations in similar vain as in Stern (1976). Our quantita-
tive analysis indicates that distortions of taxation are substantially increased
when learning decisions are endogenized. This seems to be a robust result.
Consequently, the concern is vindicated that tax distortions are much more
important than suggested by the standard optimal taxation analysis which
ignores endogenous learning.

Chapter 3 Optimal taxation of human capital and credit constraints

Also Chapter 3 again studies optimal linear income taxation in the two period
model of learning. It does however allow for capital market imperfections,
which are the main theme of this Chapter. Borrowing money to finance in-
vestments in human capital is supposed to be impossible due to transaction
costs, collateral and information problems. Hence, a pre-existing non-tax
distortion exists in the economy. In order to reduce the complexity of the
analysis we assume that labor supply decisions are now exogenous. There-
fore, only non-deductible costs of learning cause a tax distortion on learning
margins. This may reflect the inability to observe learning efforts perfectly so
that education subsidies are imperfect instruments. Moreover, capital taxes
are absent.

We show that the optimal tax schedule is progressive even in the absence
of redistributional concerns, i.e. when agents are homogeneous. The intuition
for this result is that a more progressive tax system redistributes incomes
from the old (the rich) to the young (the poor). Credit constraints for the
young are relaxed by a more redistributive tax system so that investments
in human capital increase. This causes a first-order welfare gain because
the learning decisions were initially distorted. The tax, in contrast, initially
causes only second -order welfare losses, as there was no tax to begin with.
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Consequently, welfare can be improved as the distortionary tax corrects the
initial non-tax distortion in the capital market. Clearly, optimal marginal
taxes on income are not necessarily equal to zero in second-best situations,
even if lump-sum taxation is allowed for. Indeed, progressive taxes can be
justified on pure efficiency grounds, without reference to equity.

We also analyze the model with heterogeneous agents. Agents differ
across two dimensions: their initial (parental) wealth and their ability to
learn. Capital market imperfections reduce investments in human capital
especially for the poor and high ability agents. The latter are suffering more
from credit constraints because they intend to learn more. We show that
optimal linear tax rates on human capital are positive on account of the
redistributive preferences of the government which is the standard result.
However, the presence of credit constraints results in higher optimal tax
rates. Especially high ability agents from poor backgrounds benefit from a
progressive tax schedule since they suffer the most from credit constraints. In
addition also low ability agents with all backgrounds also tend to gain from
progressive taxes since they benefit most from redistribution. Rich agents
with high ability are the only ones who tend to loose from progressive taxes.

We present quantitative simulations for the importance of credit con-
straints in setting of the optimal tax schedule. We show that the presence
of credit constraints results in a substantially more progressive tax schedule,
than would be obtained in the absence of credit constraints. Although the
importance of credit constraints is still empirically disputed, the results sug-
gest that tax progression may be called for if only a relatively minor part of
the population (the 25% poorest agents) is credit constrained. This result is
robust to various modifications of the parameters of the model.

Chapter 4 Redistribution and education subsidies are Siamese twins

In Chapter 4 we analyze the use of education subsidies in order to alleviate
distortions associated with redistributive taxation. Clearly, redistribution is
an important reason for having distortionary taxes. Indeed, our analysis is
complementary to Van Ewijk and Tang (2000a) who justify distortionary
taxes by appealing to unions distorting the labor market. The central ques-
tion is whether subsidies on education are part of the optimal tax system.
We analyze the simultaneous setting of optimal education subsidies along
with the optimal progressive labor tax-schedule and capital taxes. We do
this in the ‘full’ model as laid out in this introductory Chapter extended
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with endogenous first-period demands for consumption and leisure. There
are three potential distortions of taxation. First, we allow for non-deductible
direct costs of education; second we allow for increasing marginal tax rates
on income, and; third, taxation reduces the return to learning if labor supply
is endogenous through a lower ‘utilization’ of human capital. We also allow
for capital income taxes which may distort both learning and inter-temporal
consumption decisions. There are no capital market imperfections and there
is no uncertainty.

We show that education subsidies are a powerful instrument to reduce
various tax distortions in the accumulation of human capital associated with
redistributive policies. In fact, under fairly general conditions, investment
in human capital should not be distorted. Education subsidies and redis-
tribution of incomes are thus like Siamese twins – even though the ones
who benefit from the subsidies enjoy relatively high lifetime incomes. The
more the government desires to help the unable, the more it should employ
education subsidies to offset the learning distortions associated with redis-
tribution. We show that a substantial part of existing education subsidies in
some important OECD countries can be justified on these grounds.

We also derive the optimal dual income tax system in case education
subsidies are absent. This is relevant if education subsidies are not a perfect
policy instrument, e.g. because education efforts are not perfectly observ-
able. In this case, we demonstrate that the capital income tax component of
a dual income tax is positive when non-deductible costs of education are im-
portant. In particular, the capital tax stimulates learning, thereby off-setting
distortions arising from redistribution.

Chapter 5 Optimal financing of education with imperfect capital
markets and risk

Chapter 5 addresses the setting optimal financing of education. We use a
stripped version of the two period model used throughout now extended to
analyze the role of both capital market imperfections and risks associated
with investments in human capital. Credit market imperfections arise be-
cause banks cannot observe the risks of the investments in human capital.
Further, idiosyncratic income risks cannot be insured because insurance con-
tracts cannot be written due to legal restrictions (non-slavery). Investment
in human capital is therefore sub-optimally low because interest rates are too
high and individuals require a risk premium on their investment in human
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capital.
In this Chapter, we do not pay much attention to the tax system and we

assume that labor supply is fixed. In order arrive at a tractable model with
asymmetric information and heterogeneous agents, we also fix the returns
to the investment in human capital. Further, we do not allow for capital
taxes. We do not analyze the problem of optimal redistribution of incomes.
Nevertheless, issues of income redistribution are present because we study
optimal insurance of income risks. Insurance requires redistribution from
the lucky to the unlucky people.

We show that the sources of under-investment in human capital are re-
lated to the fact that financial contracts cannot be made contingent upon the
returns of the investment in human capital. In a non-slave state insurance
and equity contracts cannot be executed by private parties. Therefore, only
debt financing of education is possible. Since banks face an information prob-
lem, regarding the risks of the investment in human capital interest rates are
above the level that ensures efficiency of investment in human capital. We
contribute to the credit rationing literature by showing that credit rationing
does not occur if individuals are sufficiently risk averse.

The government, however, can write equity and insurance contracts that
are dependent on the returns to the investment in human capital through the
tax system. The reason is that the government has the monopoly on power
so that it is the only legal authority to collect claims on (parts of) human
capital. Therefore, it can circumvent the barriers that private markets face.
The government provides students with the funds to finance education (to
finance costs of living and tuition) while enrolled in exchange for a claim on
the students’ future incomes. It is shown that a simple equity participation
scheme of financing education coupled to income insurance is indeed optimal
and restores social efficiency in investments in human capital. The reason is
that an equity participation scheme does not entail distortionary redistribu-
tions from low risk to high risk graduates whereas with debt financing this
distortion lies at the heart of the capital market failure.

A policy of subsidies on education to overcome market inefficiencies is
not optimal. Many countries give substantial subsidies (below cost tuition
fees and grants) to students in order to resolve problems with the absence of
insurance and well-functioning capital markets. These subsidies do not tackle
the real problems with capital and insurance market imperfections. As we
have shown, this requires equity plus insurance. Both the capital market
imperfection and the risk of the investment cannot be solved perfectly by
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means of subsidies. Furthermore, these subsidies have to be financed in
distortionary fashion.

Chapter 6 An investigation of education finance reform. Graduate
taxes and income contingent loans in the Netherlands

In this last, non-theoretical Chapter, we analyze the consequences of replac-
ing government subsidies on education with a graduate tax (GT) or income
contingent loans system (ICL) for the financing of higher education in the
Netherlands. As such it provides an illustration of the analysis in Chapter 5.
We constructed a simulation model to analyze loans, GT’s and ICL systems
of education finance based on estimated wage profiles of graduates. Further,
we examined the financing regimes with full pooling, or (partial) risk shifting
of default risks. If all risks are pooled among students, the lucky graduates
cover the costs of default for the unlucky graduates. If risks are shifted to
society, the costs of default are financed from general tax revenue.

We show that the switch to a GT or ICL system can significantly reduce
the income risks that graduates experience under a loan system. A reduction
in government outlays of about EUR 2.5 billion would result if education
subsidies are dropped to zero. The repayment rate under an GT would then
have to be about 6%. In an ICL system with full risk pooling the repayment
rate is higher, because the graduates who have repaid their debts no longer
contribute to the system. This is the fundamental difference with a graduate
tax where graduates never stop their payments. Moral hazard and adverse
selection considerations determine the extent to which income insurance can
take place. The more important these effects are, the more attractive an ICL
becomes relative to a GT.

If default risks are shifted to society the repayment rate may be lower,
but this goes at the cost of a smaller reduction in government outlays. Under
a risk shifting regime, the government faces a trade-off between reducing (ex
ante) subsidies on education subsidies and financing the costs of default (ex
post subsidies). Replacing ex ante subsidies with ex post subsidies makes the
resulting distribution of incomes more equal, but may also induce (modest)
moral hazard effects in labor supply, see next.

Moral hazard effects regarding labor supply are not very important quan-
titatively. Reducing the average duration of enrolment and the reduction of
drop-out rates turned out to make the system substantially more attractive
in terms of repayment conditions. Results are sensitive with respect to the
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assumptions regarding interest rates, default and risk premiums and growth
rates of wages.

1.6 Some methodological notes

Some may find that certain assumptions used throughout this thesis are un-
realistic, theoretically less sound, or otherwise. My defense is that more
research is needed. Nevertheless, I want to summarize some important as-
sumptions used in this book.

• Social welfare function – Throughout this thesis a Samuelson-Bergson
social welfare function defined over individual utilities is adopted to get
a social preference for redistribution of incomes. I am fully aware of
the drawbacks of this procedure, but I see no alternatives for two rea-
sons. Not using a social welfare function and simply ignoring matters
regarding the income distribution is in my opinion not justified since
the ultimate reason for having distortionary government interventions
has to do with the income distribution. Second, I am not aware of
theoretically more appealing alternatives that are just as easy to work
with. I refer the reader for more discussion on these matters to for
example Sen (1979), Atkinson and Stiglitz (1980), and Mirrlees (1986).

• Political economy – In this thesis I take a normative perspective rather
than a more positive approach based on political economy considera-
tions. Occasionally, the normative approach and the political economy
approach deliver identical results when political weights happen to be
equal to the weights attached to each individual in a social welfare func-
tion, see for example the discussions in Van Winden (1999) and Persson
and Tabellini (2000). I think that political economy aspects are very
relevant to this subject matter, but the political economy approach has
already been pioneered quite intensively. Based on important contribu-
tions by Persson and Tabellini (1992) and Alesina and Rodrik (1994),
the political system is explicitly introduced, generally by majority vot-
ing over government policies such as subsidies on education, taxation
of physical and human capital, private or public education, et cetera.
See e.g. Creedy and Francois (1990), Glomm and Ravikumar (1992),
Gradstein and Justman (1993), Galor and Zeira (1993), Perotti (1993),
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Saint-Paul and Verdier (1993), Fernàndez and Rogerson (1995), and
Bénabou (1998).

• Time-consistency – I assume that the government can pre-commit to
the setting of the policies such as taxes and subsidies and it is not al-
lowed to change policies after investments in human capital have been
made. However, most (tax-)policies discussed in this thesis have the
property that the government would renege on its announcement to set
a particular policy and may engage, for example, in excessive redistri-
bution because investments in human capital have become ‘sunk’. So
there is generally a time-inconsistency problem. See for early contribu-
tions Kydland and Prescott (1977) or Fischer (1980). Applications to
investments in human capital can be found in Boadway et al. (1996)
and Andersson and Konrad (2000). The analysis of time-consistent
policies (‘third-best’) is an interesting avenue for further research.

• Education as a signalling device – Arrow (1971), Spence (1973), and
Stiglitz (1975) suggested that (higher) education serves as a signalling
device. I.e. educated workers are not more productive because of their
education, but their education only signals their higher ability. We as-
sume that education is productive and not a signalling device. Groot
and Oosterbeek (1994) find empirical support for a rejection of the
screening hypothesis, based on the notion that drop-outs should not
earn a return on the years they spend in school, which is clearly re-
jected by the data. Moreover, growing evidence on the importance
of human capital to explain cross-country differences in output in for
example Krueger and Lindahl (2002), is not consistent with the sig-
nalling hypothesis, since in that theory education is non-productive
from a macro-perspective.

• General equilibrium effects – In this thesis we only consider models
where real interest rates and wage rates are exogenously given. This is
generally justified by appealing to small open economy considerations
where real interest and wage rates are determined in world capital and
labor markets, see for example Topel (1999) or Katz and Autor (1999).
Nevertheless, international factor price equalization is difficult to ob-
serve so that general equilibrium effects, especially on wage rates, may
affect the results and will in general cause transitional dynamics, see
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for example Heckman et al. (1998a). Moreover, tax and subsidy instru-
ments may serve multiple tasks. For example Dur and Teulings (2001)
show that education subsidies may reduce not only tax distortions, but
also pre-tax income differentials between skilled and unskilled workers
if skilled and unskilled workers are imperfect substitutes on the labor
market. The latter effect does not occur if there are perfectly equal-
izing differences on the labor market due to perfect substitutability of
workers and wage rates per unit of skill is equal for all skill levels.

• Dynamics – In all chapters we discuss two-period models. Multi-period
dynamics are therefore ignored. Dynamic general equilibrium effects
may be important as Heckman et al (1998a, 1998b, 1998c, 1999) have
shown. Dynamic effects are typically caused by general equilibrium ef-
fects on factor prices, i.e wage and interest rates, see also above on gen-
eral equilibrium issues. Furthermore, the intergenerational distribution
of welfare and the potential benefits of intergenerational risk-sharing
may be affected by policies, which is now abstracted from. We isolate
the intergenerational distribution from the intragenerational distribu-
tion by only employing policies that are ‘funded’ from the perspective
of each generation. This can be defended by appealing to ‘grandfather-
ing rules’ that protect old generations from being hit by new policies,
see also Nielsen and Sørensen (1997).
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Chapter 2

Optimal Income Taxation with
Endogenous Human Capital

“It has long been understood that the concept “labor supply” is
more general than “hours of work”. If one individual is healthier,
better educated and more highly motivated than another, then
presumably a given number of hours of work will lead to greater
effective labor supply for the former than for the latter. Thus,
studies on the effect of taxes on other dimensions of labor supply
are needed in order to asses the full impact of taxes on work
incentives.” Rosen (1980, p.171).

2.1 Introduction

The traditional literature on optimal income taxation with endogenous labor
supply assumes that labor supply is a one-dimensional variable reflecting the
amount of leisure people wish to consume, see e.g. Mirrlees (1971), Sheshinski
(1972), and Atkinson and Stiglitz (1980).1 However, as Rosen (1980) points
out, labor supply features many other dimensions. First, labor supply reflects
also participation decisions and not only work effort. This implies that, for
example, the amount of time people wish to spend in retirement is also a
dimension of labor supply. Second, the intensity of work effort may vary

1This Chapter is based on Jacobs (2001a). I thank Lans Bovenberg, Casper van Ewijk,
Hessel Oosterbeek, and seminar participants at CentER for comments and suggestions. I
further want to thank Edwin Leuven for his valuable help with Gauss.
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from one individual to another. Hours of work may not fully reflect the
intensity of work effort, although the latter variable is hard to measure.
And, third, effective labor supply increases not only by more hours of work,
i.e. the quantity of labor, but also by a higher quality of labor. Differences
in levels of education and health of workers are therefore also dimensions of
labor supply.

In this Chapter we analyze optimal income taxation when the learning
dimensions of labor supply are taken into account. Human capital theory
points out that earnings per hour are the result of investments aimed at
augmenting effective labor supply, see e.g. Becker (1964). If human beings
have different abilities to accumulate human capital, the distribution of in-
come is endogenously determined by learning decisions of agents, rather than
exogenously given.

The first contribution of this Chapter is to show analytically how optimal
linear tax rates are set when human capital accumulation is endogenous.
The tax system distorts not only labor supply decisions but also learning
decisions. Tax distortions arise in learning decisions due to the directs costs,
besides foregone earnings, that are associated with investments in human
capital. These costs originate from the use of market (or capital) goods
in the production of human capital, see e.g. Lord (1989), Rebelo (1991),
Trostel (1993), Pecorino (1993), Nerlove et al. (1993), Jones et al. (1993,
1997), Stokey and Rebelo (1995), Milesi-Feretti and Roubini (1998), and
Judd (1999). Consequently, future earnings are subject to a higher effective
rate of tax than total costs of investment because the direct costs remain
‘untaxed’.2

Furthermore, labor supply, which now encompasses both quantity and
quality dimensions, becomes more elastic if learning is endogenous. The
more leisure one wishes to consume, the lower are returns on human capital
since less time is spend working so that the utilization of human capital falls.
The reverse reasoning also holds: the more one learns, the more expensive
leisure time becomes as wage rates per hour increase. Learning and leisure
decisions are thus interdependent and the distortionary effects of taxation
increase, see also Kotlikoff and Summers (1979), Eaton and Rosen (1980),
and Driffil and Rosen (1983).3

We show theoretically that the trade-off between equity and efficiency is

2Even though costs of education are generally highly subsidized, tuition fees and other
direct costs are generally not deductible from the income tax.

3We do not allow for a non-linear tax schedule for reasons of analytical and compu-
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worsened due to the direct tax distortion on learning decisions and due to the
interaction of working and learning decisions. Labor supply - now defined in
a broad sense - becomes more elastic with respect to the tax. Consequently,
optimal linear taxes are lowered if human capital accumulation is endogenous.

The second contribution of this Chapter is to provide quantitative evi-
dence on the importance of endogenous learning decisions for the setting of
the optimal linear tax schedule. We compute optimal income taxes, along
the lines of Stern (1976). The traditional literature has found relatively high
optimal tax rates in models with solely an endogenous labor supply decision,
see e.g. Stern (1976), Tuomala (1990), Diamond (1998) and Saez (2001).
We derive that optimal tax rates are substantially lower compared to earlier
studies when taking into account human capital accumulation. This confirms
our theoretical predictions.

This Chapter is related to some earlier contributions on optimal taxation
when agents differ in their levels of education. Atkinson (1973) analyzes op-
timal linear income taxation in a model where agents decide upon their levels
of education. The distortion on learning stems from the fact that foregone in-
come while learning is not subject to the income tax, whereas income derived
from working after learning is. In contrast with Atkinson we allow for taxed
foregone earnings as one may argue that non-taxed foregone earnings are of
limited relevance. Furthermore, Atkinson (1973) does not pay attention to
the labor supply decision. Ulph (1977) and Hare and Ulph (1979) study the
problem of optimal taxation and education expenditures where redistribu-
tional and educational targets are simultaneously optimized. Ulph (1977)
allows for endogenous labor supply whereas Hare and Ulph (1979) assume
that labor supply is fixed and agents might opt for private education. In
both studies, however, the government simply sets the level of education for
each agent, so agents do not choose their levels of learning. Taxation does
therefore not influence learning decisions.4 Tuomala (1986) analyzes optimal
taxation in a model where learning and labor supply decisions are endoge-

tational tractability. However, this is an additional channel whereby taxation may harm
human capital formation if marginal tax rates on future incomes exceed marginal tax rates
on foregone earnings when learning, see e.g. Bovenberg and Van Ewijk (1997) and Nielsen
and Sørensen (1997).

4Here, the important assumption is made that ability to earn income is not observable
by the government, whereas ability to learn is. We assume that both the quantity (hours
worked) and the quality (education) of labor supply are not observable by the government,
only earned income.
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nous. However, Tuomala assumes that leisure is denoted in ‘effective’ leisure
time, i.e. effective labor supply increases linearly with the amount of human
capital, as in Heckman (1976). Consequently, separation between working
and learning decisions holds and taxes do not affect learning decisions by
assumption.

The rest of this Chapter is organized as follows. Section 2 describes the
model and individual behavior, Section 3 derives optimal fiscal policy, Sec-
tion 4 discusses the numerical examples, Section 5 presents some sensitivity
analyzes, and Section 6 concludes.

2.2 Model

We consider a two-period life-cycle model of human capital formation.5 In
the first period, agents choose between working and learning. We assume
without loss of generality that there is no consumption-leisure decision in
the first period.6 Additionally, there is a perfect capital market and agents
can save or borrow to finance costs of education.7 The second period is
devoted to working only and agents decide upon the amount of leisure time
(or retirement years) they want to consume.

A partial equilibrium model is chosen where the before-tax wage rates
and interest rates are taken as given. The model can also be thought of as

5Some authors have used multi-period models for analyzing the effects of taxation on
human capital accumulation, see e.g. Heckman (1976), Trostel (1993). However, these
papers impose strong restrictions on preferences that avoid corner solutions in the choice
of leisure. On a balanced growth path, either all time may be consumed as leisure, or
all time may be devoted to working, see also Weiss (1986). Moreover, the restrictions on
preferences that are often made in order to guarantee that a constant fraction of time
is spend on leisure eliminate a priori the potential distortionary effect of proportional
taxation on human capital formation as the utilization rate of human capital is unaffected
by taxation, since these restrictions imply that substitution and income effects in labor
supply due to a change in the level of human capital cancel out. King, Plosser and Rebelo
(1988) use a unitary elasticity of substitution between consumption and leisure. Heckman
(1976) uses preferences defined over consumption and ‘effective’ leisure so that the leisure
decision is independent of the level human capital.

6Given the perfect capital market no important insights are obtained by allowing for
first period consumption. Furthermore, allowing for first-period leisure, yields only the
standard labor supply distortion and learning decisions are not affected by introducing
first period leisure time. Therefore, inter-action effects with learning are absent.

7See Jacobs (2001b) for the consequences of imperfect capital markets for the optimal
taxation of income.
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describing the equilibrium of a small open economy in which perfect capital
mobility fixes the real interest rate. A mass of agents with unit measure
lives for two periods. Agents are heterogeneous with respect to ability to
learn α. Agents with a higher ability are more efficient in the production
of human capital. In addition we assume that ability α also affects wage
rates w independently of the amount of learning, so that w(α) where w′ > 0.
The reason for making this assumption is that not all income inequality can
be attributed to differences in learning behavior. Consequently, agents with
higher ability have a higher wage rate per unit of human capital as well. The
distribution of α is denoted by F (α). F has support [α,∞).

In the first period agents choose to spend their time learning or working.
Every agent has one unit of human capital at the beginning of its life. A
fraction x of total time in the first period is spend on education. The rest,
1− x, is devoted to working, where the total time endowment is normalized
at unity. Education requires, besides time, y market goods per year of ed-
ucation.8 φ is the production function for human capital with positive but
diminishing returns time x, and goods y invested in education:

φ(α;xα, yα) ≡ h(α)xγαy
υ
α, (2.1)

where we have h′(α) > 0. Agents with higher ability levels are assumed to
be more productive in using time and goods in human capital accumulation
since φαx > 0 and φαy > 0. It is further assumed that the production function
displays diminishing returns to scale in inputs (x, y) invested in education to
ensure an interior solution with a fixed real interest rate. In the remainder
we restrict the analysis to a Cobb-Douglas production function with constant
elasticities γ and υ, and γ + υ < 1. Given the lack of empirical evidence on
the precise shape of the production function for human capital, the Cobb-
Douglas function is used in almost the entire literature, see e.g. Ben-Porath
(1967), Weiss (1986), Trostel (1993).

Income derived from working equals (1 − t)w(α)(1 − x), where t is the
flat labor income tax rate. The tax authority is assumed to be unable to
distinguish between income from raw labor (the quantity or hours of work)
and human capital (the quality of work). The tax authority cannot observe α
either. The first assumption is equivalent to the commonly used assumption
that one cannot observe the wage rate and hours worked. So taxes on income

8Rather than using market goods in the production of human capital on may also use
capital goods in the production function. This yields qualitatively similar results.
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deriving from the quantity of labor and the quality of labor are both equal
to t. The second is the standard assumption that excludes individualized
lump-sum transfers.

Every agent might receive an uniform non-individualized lump-sum in-
come transfer g in both periods of its life. With positive transfers g the tax
system is progressive since the average tax rate increases with income. Sav-
ings s can be made to smooth consumption over time. Savings equal total
first period income minus the direct costs of education py. p denotes the unit
costs of direct expenditures on education. The first period budget constraint
is therefore given by:

pyα + sα = (1− t)w(α)(1− xα) + g. (2.2)

In the second period, human capital is supplied endogenously to the labor
market. Total time spend working equals lα, and the rest is consumed as
leisure 1− lα. One may also view leisure as years in retirement, see Kotlikoff
and Summers (1979). Income derived from accumulation of financial assets
is (1 + r)sα where r is the constant real interest rate. In the remainder
we assume that the real interest rate is zero. All income from human and
financial sources is used for consumption cα. There is no tax on consumption
and capital income.9 The consumption price is chosen as the numéraire.
Hence, the second period budget constraint is:

cα = (1− t)w(α)lαφ(α;xα, yα) + sα + g. (2.3)

We restrict the analysis to an iso-elastic utility function.10 Utility u is
given by:

u(cα, lα) ≡ ln

(
cα −

l
1+1/ε
α

1 + 1/ε

)
, (2.4)

where ε > 0 is the (un)compensated wage elasticity of labor supply. Since
ε > 0, we assume that labor supply is upward sloping. This utility function is
used as well by Diamond (1998) and Saez (2001). The analytical convenience

9See Nielsen and Sørensen and (1997) for an analysis on optimal dual income taxation
with endogenous learning with homogeneous agents. Bovenberg and Jacobs (2001) analyze
optimal dual income taxation in a similar model as presented in this Chapter.

10We were able to derive a general characterization of the solution with a general utility
function. This turns out to give very similar results, although the different roles played
by the tax distortions cannot be easily traced analytically.
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is twofold. First, there are no income effects on labor supply. Second, the
elasticity of labor supply is constant and equal for all households. This
allows us to aggregate easily over all households. If labor supply is exogenous
(ε = 0), then the pure human capital model applies, and agents simply
maximize life-time earnings. It is assumed that agents do not derive utility
from having human capital.11

Agents maximize utility by choosing consumption c, labor supply l, the
optimal amount of learning x and the goods invested in education y, subject
to their budget constraints, and the production function of human capital.
Manipulation of the first-order conditions gives the following labor supply
function - omitting the agent’s indices α:12

l = [(1− t)wφ(.)]ε. (2.5)

The higher the hourly wage rate, the larger is labor supply. From the last
equation can be seen that consumption and investment decisions cannot be
separated. Learning increases the hourly wage rate and thereby increases
labor supply. If one views leisure time as years in retirement, our model
can explain the relatively higher participation rates of older workers with
more education. The reason is that a higher level of human capital makes
retirement more expensive.

The marginal rate of technical substitution for the optimal choice of time
and goods invested in education reads as:

φx
φy

=
γy

υx
=

(1− t)w

p
. (2.6)

A higher price of time (goods) invested in education should be accompanied
by an increase in the marginal product of time (goods) invested in education,
and thus implies a lower use of time (goods) relative to goods (time) in the
production of human capital.

Finally, there is an arbitrage equation stating that both financial and
human savings should yield an equal return.

wlφx =
(1− t)wlφy

p
= 1. (2.7)

11Human capital can also be regarded as a consumption good, see Lazear (1977). Ad-
ditionally, having more human capital can enhance the effective productivity of leisure
in utility. This notion stems from Becker (1965) and has been applied to human capital
theory first by Heckman (1976). Both elements can be incorporated. However, this is
likely to yield untractable results unless we impose strong restrictions on preferences.

12An appendix to this Chapter contains all derivations.
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This equation pegs the amount of time and goods invested in human capital
accumulation. Arbitrage between financial and human capital investments,
ensures that an optimal plan is characterized by equal returns on both in-
vestments. If the rate of return on financial investments is lower, substitution
takes place to human capital investments, until rates of return are equalized
as a consequence of diminishing returns in human capital accumulation.

Since costs of education are not tax deductible, taxes directly distort
investments in human capital. A higher tax rate reduces the optimal amount
of goods invested in human capital, thereby lowering the productivity of time
invested. Investments in human capital fall accordingly. Loosely speaking,
foregone earnings and goods are less affected by changes in the tax rate, than
the returns, i.e. future earnings. If goods were fully tax deductible, the tax
rate would have no direct effect on investments in human capital since costs
and returns are equally affected by the tax.

Taxes also distort human capital investments indirectly since taxes affect
the amount of leisure chosen. Higher taxes on labor income reduce labor
supply, and thereby reduce investments in human capital. The reason is that
the effective utilization rate of human capital decreases so that returns on
investments in human capital are lowered.

First-order conditions are necessary but not sufficient. Additionally we
have to guarantee that the second-order conditions are fulfilled. The second-
order condition amounts to the following restriction on parameters:

µ ≡ (1 + ε)(γ + υ) < 1. (2.8)

The second-order condition states that the elasticity of labor supply is not
too high, and that the elasticities of time and goods invested in education
are not too high. Intuitively, if more time is spend learning, wage rates
per hour increase and substitution towards more labor supply is induced.
This, in turn, increases returns to investments in human capital so that more
time is spend learning, and so on. Due to this interaction between learning
and leisure decisions sufficiently decreasing returns to investments in human
capital (low γ and υ) or sufficiently decreasing marginal utility of leisure (low
ε) should guarantee that an interior solution is attained and corner solutions
with zero leisure time are avoided.

We can analytically solve for the optimal amount of time and goods in-
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vested in learning and labor supply:

x∗ = γ
1
µ
h

1+ε
µ w

ε+υ(1+ε)
µ

(
υ

γp

)υ(1+ε)
µ

(1− t)
ε+υ(1+ε)

µ
,

y∗ =
υ

γ

w(1− t)

p
x∗,

l∗ = h(α)ε(1− t)ε(1+υ)

(
υ

γ

)ευ
x∗ε(γ+υ).

Since w′(α) > 0 and h′(α) > 0 we derive that agents with higher ability invest
more time and and goods in human capital accumulation, i.e. ∂x/∂α > 0,
∂y/∂α > 0 and ∂l/∂α > 0 by virtue of the concavity of the production
function of human capital, the complementarity between inputs in production
of human capital and ability and due to the fact that high ability agents
supply more labor.

Note that the elasticities of x, y and l w.r.t. t are constant and given by:

εxt ≡ −
∂x

∂t

(1− t)

x
=

ε+ υ(1 + ε)

1− (1 + ε)(γ + υ)
> 0, (2.9)

εyt ≡ −
∂y

∂t

(1− t)

y
=

(1 + ε)(1− γ)

1− (1 + ε)(γ + υ)
> 0, (2.10)

εlt ≡ −
∂l

∂t

(1− t)

l
=

ε(1− γ)

1− (1 + ε)(γ + υ)
> 0. (2.11)

These are useful properties later on.

2.3 Optimal linear income taxation

The government collects taxes from the households to finance exogenously
given expenditures Λ. The government budget constraint therefore reads as:

t

∫ ∞

α

HαdF (α) = Λ +G, (2.12)

where G ≡ 2g and H ≡ w(α)(1 − xα) + w(α)lαφ(α;xα, yα) is the gross life-
time value of human capital. There are two instruments at the disposal
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of the government: the linear tax rate on labor income t and the negative
income tax G. The tax rates t and lump-sum transfers G are chosen so as to
maximize a social welfare function Γ:13

Γ =

∫ ∞

α

Ψ(Vα)dF (α), Ψ′ > 0, Ψ′′ ≤ 0, (2.13)

where Vα is the indirect utility function of the agents. Different assumptions
about Ψ yield e.g. a Rawlsian objective function or an utilitarian objective
function (Ψ′ = 1) , see also Atkinson and Stiglitz (1980).14

Form the first-order conditions for the lump-sum element G we derive the
net social marginal valuation of income in terms of government revenue, b,
see Atkinson and Stiglitz (1980):15

bα ≡
Ψ′λα
η

, (2.14)

where λ is the private marginal utility of life-time income and η is the La-
grange multiplier associated with the government budget constraint. The
term on the right-hand side denotes the direct social value of redistribution
to household α. We find that the average social value of income averaged
over all households is given by:

b = 1, (2.15)

where b̄ ≡
∫∞
α
bαdF (α) is the average of the marginal social value of incomes.

This expression states that social welfare is maximized if a unit increase in
the value of the lump-sum transfer given in both periods is equal to marginal
social utility averaged over all agents.

13We abstract from issues dealing with the dynamic consistency of the tax policies and
simply assume that the government can pre-commit. However, in models like the one
discussed here the government has always the incentive to renege on its announcement to
set a particular tax rate after the investments in human capital are made. The reason
is that human capital is accumulated and has become a ‘fixed’ factor that can be taxed
heavily without high distortionary costs. If the government cannot commit, agents under-
invest as a consequence, see for example Fischer (1980) and Boadway, Marceau, and
Marchand (1996).

14We assume in the theoretical derivations that the lump-sum transfer is never larger
than income derived from supply of human capital, i.e. G < H. This constraint precludes
that agents voluntarily decide to be unemployed. This constraint is always non-binding
in the numerical calculations.

15We used Roy’s lemma in the derivations: ∂V/∂G = λ, ∂V/∂t = −λH.
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In order to find an expression for the optimal tax rate we introduce the
distributional characteristic ξ that comprises the distributional impact that
human capital has on social welfare, see also Atkinson and Stiglitz (1976):

ξ ≡ −
(∫ ∞

α

(
Hα

H̄

)(
bα
b̄

)
dF (α)− 1

)
. (2.16)

The term in brackets is the normalized covariance of human capital16 and
the marginal social valuation of income. H̄ ≡

∫∞
α
HadF (α) stands for the

average supply of human capital. ξ can be interpreted as a ‘marginal measure
of inequality’, see Atkinson and Stiglitz (1980).

The distributional characteristic is positive (ξ > 0), because the normal-
ized covariance is negative. If human capital H increases, the marginal social
value of income b decreases as a consequence of the diminishing marginal
utility of income, and due to the fact that a larger weight is attached to
poorer agents (Ψ′′ < 0). i.e. it becomes socially less efficient to redistribute
resources to richer agents, given that the social welfare function features di-
minishing marginal social welfare in utility of the agents. As the marginal
social valuation of income decreases as earnings increase, the term in brackets
is negative.

If the government was not interested in redistribution, every agent has
the same social value of income: b = b̄, which yields ξ = 0 in that case.
The distributional characteristic increases if incomes become more unevenly
distributed, or if the government has a larger preference for income equality.

Straightforward manipulation gives the optimal tax on labor income:

t

1− t
=

ξ

ω(εlt + υεyt)
, (2.17)

where ω ≡
∫∞
α
wlφ(.)dF/

∫∞
α
wlφ(.) + w(1 − x)dF is the ratio of average

second period income in average total income. The optimum tax formula
clearly shows the trade-off between equity and efficiency considerations.17

16This can be seen by noting that ξ = −1
H̄b̄

(∫∞
α
HbdF −

∫∞
α
HdF

∫∞
α
bdF

)
= −cov(H,b)

H̄b̄
.

17This last formula is a similar way of expressing the optimal linear income tax as in
Dixit and Sandmo (1977). They use the non-normalized covariance to obtain expressions
that have distributional concerns in the numerator and efficiency costs of taxation in the
denominator. Tuomala (1985) uses the government budget constraint to obtain an optimal
tax formula where equity considerations enter in numerator the and efficiency costs are
captured by the denominator.
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First, the tax rate should be higher if the absolute value of the distribu-
tional characteristic ξ is higher, i.e. when the social value of redistributing
incomes is higher. This is the case if incomes are more unevenly distributed,
or if greater weight is attached to agents at the lower end of the distribution.
If all agents have identical abilities, the optimal tax rate on human capital
is zero. The reason is that every agent invests the same amount of resources
in human capital accumulation. H is therefore identical for all agents and
there is no income inequality. Consequently, the distributional characteristic
ξ = 0 and the optimal tax rate is zero.

Second, the numerator of the optimal tax formula shows two elasticities
associated with the two tax distortions in our model. The first elasticity
εlt is associated with the distortionary effect of taxes on labor supply. The
optimal tax rate on labor income should be lower if the elasticity of labor
supply is larger.

However, from the definition of the labor supply elasticity we can see
that the ‘true’ wage elasticity of labor supply - including the learning effects
- is larger than the ‘simple’ elasticity of labor supply (εlt > ε) that would
enter in the optimum tax formula in the absence of learning decisions, see
for example Atkinson (1995):

εlt
ε

=
1− (γ + υ)

1− (1 + ε)(γ + υ)
+

υ

1− (1 + ε)(γ + υ)
> 1. (2.18)

The first term in brackets is larger than 1 and the second term is positive. The
first term measures the interaction impact of learning and working decisions
and the second term measures the additional impact of the non-deductibility
of goods invested in education. Clearly, the interaction between learning and
labor supply decisions makes the labor supply response more elastic and is
driving the optimal tax rate downwards.

The second term in the denominator of the tax formula υεyt captures the
tax distortion associated with the non-deductibility of education expendi-
tures. The optimal tax should be lower if the tax-elasticity of goods invested
in education is larger εyt. The more elastic learning behavior responds to the
tax the lower should be the optimal tax.

It is easily seen that the tax elasticity of goods invested in education is
magnified by the elasticity of labor supply ε. Suppose that labor supply was
inelastic (ε = 0) then we have from our definition of εyt:

εyt|ε=0 =
1− γ

1− (γ + υ)
< εyt =

(1 + ε)(1− γ)

1− (1 + ε)(γ + υ)
. (2.19)
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Due to the inter action effect we see that the size of the tax elasticity of
learning is higher and the optimum tax should be lower accordingly.

From both definitions of the elasticities it is easily established that the op-
timum tax should decrease if either one of the elasticities γ, υ, or ε increases.
These effects are in conformity with standard Ramsey intuition.

The elasticities are weighed with the share of second period income in
total life-time income ω. The larger is second period income, the more elastic
total life-time income gets and the lower optimal linear taxes should be.

If goods invested were fully deductible, the optimum tax is given by:18

t

1− t
=

ξ

ωεlt
. (2.20)

The difference between the denominators in the optimum tax formulae with
and without deductible goods is the term associated with tax distortion of
non-deductible goods υεyt. This increases the optimum income tax as tax dis-
tortions associated with redistribution are smaller. Moreover, the elasticity
of labor supply is lowered:

εlt
ε

=
1− (γ + υ)

1− (1 + ε)(γ + υ)
> 1. (2.21)

Still the inter-action effect between learning and working remains. If the
elasticity of labor supply is zero as well, the optimum tax goes to infinity
(the denominator goes to zero) since all distortions are eliminated then.

Based on the last formulae on can get a quantitative idea on the increase
in the size of the elasticities when learning is endogenous. Suppose that
γ + υ = .6. These are the values suggested by Trostel (1993). Let the
elasticity of labor supply be equal to ε = .25 which is not an uncommon
figure in the literature, see also below. Then we find that the elasticity of
broad labor supply is equal to εlt = .4. In other words, the ‘true’ elasticity
is about 60% larger than the simple elasticity of labor supply. Now, suppose
that the simple elasticity of labor supply is ε = .5 , an upper bound in
the literature, then we find an elasticity of broad labor supply that is four
times (!) larger and equal to εlt = 2. Clearly, the interaction mechanism
between labor supply and learning decisions has a potentially big impact on
the elasticity of broad labor supply and optimum taxes should be lowered
accordingly.

18This follows from redoing the analysis with with (1 − t)p as the measure for direct
costs on the side of households and adding a cost tpy to the government budget constraint.
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2.4 Numerical examples

This section considers some numerical examples of the optimal tax rates.
The method employed here stems from Stern (1976). The distribution of
ability is assumed to be normal with mean µα, and standard deviation σα:

α ∼ N [µα;σα]. (2.22)

Ability has a mean µα = −1 which is a normalization. Wage rates are
assumed to be generated by following exponential wage equation:

w(α) = exp(α), (2.23)

so that a log-normal wage distribution results see also Mirrlees (1971), Stern
(1976) and Tuomala (1990). The standard deviation of log wages in these
papers is set at .39.19

The productivity of ability in human capital accumulation is also an ex-
ponential function:

h(α) = A exp(α)ψ. (2.24)

A is a general efficiency parameter denoting the productivity of learning.
If one assumes that ability follows a normal distribution, this specification
yields a log-normally distributed wage distribution of second period incomes,
since log second period income is linear in α. ψ denotes the elasticity of
ability in learning and is calibrated to give a realistic spread in the learning
distribution.

For the parameterization of the production function of human capital we
refer to Trostel (1993) for a very extensive discussion of plausible parameter
values. The share of time in production of human capital is set at γ = .3 and
the share of goods in production of human capital is set at υ = .1. So total
returns to private inputs are .4.20 Here, Trostel (1993) uses the values of

19We construct a data-set with 10 observations representing the deciles according to
ability. Within each decile we take the mean value of ability as a data-point. We have
constructed larger samples, but relatively small increases in precision of the computations
were obtained with a relatively large cost in terms of computation time.

20Davies and Whalley (1989) use a model with only time as an input in human capital
where returns to private inputs (γ + υ) are .5. Heckman (1976) and Haley (1976) find
that returns to private inputs are approximately .55. Rosen (1976) finds results that yield
private returns of .65, see also the references in Lucas (1990). Lucas (1990) uses private
returns to human capital accumulation equal to .8.
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γ = .45 and υ = .15. However, these high values turn out to give occasional
problems with the second-order conditions, see also equation (2.8).

The values γ = .3 and υ = .1 imply that direct costs of education are
1/4 of total expenditures in education, so that foregone earnings make up
3/4 of total costs of education. Becker (1964) and Boskin (1975) find that
the private costs shares of time and goods invested in education are 3/4 and
1/4.21

The social welfare function is a Samuelson-Bergson utility function with
a constant elasticity of inequality aversion ν:

Γ =

∫ ∞

α

V 1−ν − 1

1− ν
dF (α). (2.25)

If ν = 0 the social welfare function is utilitarian, if ν = ∞ the social welfare
function is Rawlsian, see also Atkinson and Stiglitz (1980). In the base case
scenario, the social welfare function is utilitarian, so that ν = 0. Taxes are
solely redistributive as the government revenue requirement is set at Λ = 0.

We use two types of utility functions. First, to make our model compara-
ble with the optimum tax literature we use the standard CES utility function
with a constant elasticity of substitution between consumption and leisure
as in Mirrlees (1971), Stern (1976), and Tuomala (1990):

u(c, l) =
(
β1−ζcζ + (1− β)1−ζ(1− l)ζ

)1/ζ
, (2.26)

The elasticity of substitution between second period consumption and leisure
equals σ ≡ 1/(1−ζ). We follow common practice by setting σ = .5 in the base
case scenario. Stern (1976) uses a value of σ = .4 and Tuomala (1990) uses
σ = .5 based on reviewing the literature, see e.g. Ashenfelter and Heckman
(1973).22

Recently, Atkinson (1990, 1995), Diamond (1998) and Saez (2001) have
adopted the iso-elastic utility function that was used in the theoretical deriva-
tion. This serves as the basis of our second specification:

u(c, l) = ln

(
c− θ

l1+1/ε

1 + 1/ε

)
, (2.27)

21The price of direct costs of education is arbitrarily set at p = .5.
22Again, second-order conditions require that parameters on preferences and production

elasticities are restricted, i.e. the elasticity of substitution or the production elasticities are
not too high. For the CES utility function this amounts to: [ψ(1−γ−υ)−σ(γ+υ)]−1 > 0,
and ψ ≡ wlφ(.)

c + l
1−l > 0, see also Jacobs (2000a).
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where we added a parameter θ denoting the preference for leisure. We set the
uncompensated wage elasticity of labor supply at ε = .25. The uncompen-
sated elasticity of .25 is in the middle of elasticities for men and women that
are encountered in the micro-econometric literature. For men, the elasticity
is slightly below 0, whereas significantly higher elasticities, ranging from .5
to 1, are reported for women, see Pencavel (1986), Killingsworth and Heck-
man (1986) or Hansson and Stuart (1985). An average value of .1 is found
in the latter study on the basis of reviewing the literature. In exercises with
dynamic growth models an uncompensated elasticity of .2 is commonly as-
sumed, see Lucas (1990), Stokey and Rebelo (1995), and Hendricks (1999).
In this model, the labor supply decision could also be thought of as the re-
tirement decision as in Kotlikoff and Summers (1979). A somewhat higher
elasticity of labor supply potentially also captures the effects taxes might
have on early retirement as these effects are generally ignored in empirical
estimates.

The last parameters are jointly calibrated to make the outcomes as real-
istic as possible. The last parameters are: the common learning technology
parameter A, the leisure share parameter β (θ), the elasticity of ability in
learning ψ and the standard deviation of ability σα We impose four identi-
fying conditions on the model at t = 0 and G = 0: mean working time is
1− l = .67, mean learning time is x = .67, the standard deviation of learning
time equals σx = .12, the standard deviation of the log of total income is .40.

The value of mean working time is taken from Stern (1976) and Tuomala
(1990). This implies that the average individual would work 2/3 of the day.
It could also correspond to a retirement period of 10 years if one regards each
period in life as during approximately 30 years.

A mean learning time of .67 implies that agents spend on average 20
years on learning in the first period of their lives, if each period in life lasts
30 years. This is high if one compares this with average time spend on
formal education. Harmon and Walker (1999) find that the mean is 11.90
years for the UK in the General Household Survey 1974-1994. Ashenfelter
and Krueger (1994) report an average of 13.1 schooling years of the US from
the 1990 Current Population Survey. However, on the job training (OJT) is
also a part of human capital formation. Mincer (1962) estimates that half of
total human capital formation is on the job. Computations by Heckman et al.
(1998a) suggest that the contribution by OJT is lower and in the range of one
quarter of total human capital formation. If we assume that approximately
1/3 of human capital formation is OJT, and 2/3 is formal education, then a
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mean of (2/3)2∗30 = 13.3 years of formal schooling results. This corresponds
with figures from reality.

If we proxy the learning distribution with a normal distribution, then
we are able to compute the spread in learning outcomes in years of formal
education from the model. Under the assumption that two thirds of hu-
man capital is acquired through formal education and each period takes 30
years, a standard deviation of .12 corresponds to a standard deviation in
learning time equal to 2.4 years. Harmon and Walker (1999) find that the
standard deviation equals 2.83 years. Ashenfelter and Krueger (1994) report
a standard deviation of 2.7 years.

The standard deviation of log incomes is calibrated at .4, since the distri-
bution of incomes is endogenous. In the models of optimum income taxation
without learning behavior similar inequality is assumed. Mirrlees (1971),
Stern (1976) and Tuomala (1990) use a standard deviation of log wages of
.39.

The calibration with the CES function yielded a productivity parameter
A = 7.4, a preference for leisure parameter β = .7, a standard deviation
of ability of σα = .31, and a value of the elasticity of ability ψ = .5. The
calibration with the alternative specification yielded values of A = 4.4, θ =
5.7, ψ = 0, and σα = .30.

We compare the outcomes of the two models in the simulations. A feature
of the two utility functions used here is that labor supply behavior is rather
different. In the CES case we have a backward bending labor supply curve
with σ < 1. The uncompensated wage elasticity of labor supply is negative
at zero non-labor income, see also Stern (1976). This implies that income
taxation induces agents to work more. And, as the utilization rate of human
capital increases, learning time increases as well. In the constant elasticity of
labor supply (CELS) case, labor supply is always upward sloping. Taxation
induces agents to work less, on account of a dominant substitution effect,
and they also learn less as a consequence.23

We derived optimal tax rates in the case where both learning and leisure
are endogenous and for the case where only labor supply is endogenous and
we fix the investments in human capital at the values that are obtained in
the calibration. The latter case provides the natural benchmark to show

23Moreover, the theoretical models cannot be consistently matched with the empirical
literature. A value of the elasticity of substitution between consumption and leisure smaller
than one cannot be reconciled with an upward sloping labor supply curve (if non-labor
income is zero). In the remainder we proceed by analyzing the two cases separately.
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the effects of endogenous learning decisions. Table 2.1 shows the results for
various elasticities of substitution or labor supply elasticities.

We find an optimum tax rate of 17.4% in the benchmark case of the
CES utility function with σ = .5. The corresponding value of the optimum
tax rate when learning is exogenous equals 29.8%. The CELS utility func-
tion with base case value of ε = .25 gives values of 16.1% and 28.2% when
learning is endogenous and when learning is exogenous respectively. Clearly
optimum taxes are much lower when learning is endogenous. In our calcula-
tions optimal taxes are reduced by almost one half when learning decisions
are taken into account. This result is robust to changes in the elasticities
of substitution σ or changes in the elasticity of labor supply. An assuring
aspect of our computations is that very similar results are obtained when
using the CES and CELS functions.

These tax rates are also lower than the optimal marginal tax rates that
are reported in the literature. Our findings of optimal linear taxes are always
lower than the ones obtained by Stern (1976) with the CES utility function
for various elasticities of substitution. Saez (2001) found marginal rates
far above 50% in the model with a CELS utility function. However, set
the revenue requirement by the government at .25 of production. For the
sake of comparison we have computed the optimum rates with this revenue
requirement (Λ = .23). For ε = .25 we derive an optimum tax t = 21.0%
and for ε = .50 we find t = 22.3%. These optimum taxes are substantially
lower than the ones from Saez (2001).

Using a CES utility function, Tuomala (1990, p.98) found optimal non-
linear marginal tax rates ranging from 65% in at the first decile of the income
distribution to 45% at the ninth decile of the income distribution, with a
marginal rate of tax of 59% at the median in the case where σ = .5. The
optimal marginal tax rate in our model is 17.4% at σ = .5 which is again a
considerably lower marginal tax rate. Using CELS utility functions, Diamond
(1998) and Saez (2001) find in non-linear versions of their models marginal
tax rates on income that are generally higher than 50%, even for the top
deciles. The reduction in the optimal marginal tax-rates in our model where
earnings potentials are endogenous is quite striking.

In the appendix we show robustness checks for various modifications to
technology, preferences or government parameters. The result that optimum
taxes are lower with endogenous human capital are not sensitive to the pa-
rameters used in the model.
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Table 2.1: Optimal tax rates (%)

CES CELS
Endogenous Exogenous Endogenous Exogenous

σ = .2 24.8 50.9 ε = .1 20.5 41.0
σ = .3 21.3 40.5 ε = .2 17.1 31.1
σ = .4 19.0 34.1 ε = .25 16.1 28.2
σ = .5 17.4 29.8 ε = .3 15.3 26.0
σ = .6 16.2 26.7 ε = .4 14.2 22.6
σ = .7 15.3 24.5 ε = .5 13.6 19.9
σ = .8 14.6 22.6

2.5 Conclusion

This Chapter augmented the theory of optimal income taxation with the
analysis of optimal taxation of human capital. To that end, a two period
life-cycle model of human capital accumulation, consumption and saving is
analyzed. Agents differ in their ability to earn income and to learn. This
makes the distribution of earnings potentials endogenous. Taxation does not
only distort the decision to supply hours of work, but also learning decisions.
As such, labor supply has both a quantity dimension - hours worked - and a
quality dimension - years spend on education.

Two tax distortions on learning are present. First, taxation affects de-
mand for leisure. Therefore, agents invest less in their human capital if
they consume more leisure since the returns of their investments have fallen.
Second, costs of education are not tax deductible, so that costs of learn-
ing (foregone wages and direct expenditures) are more affected than benefits
of learning (future wages). We derived a simple optimal tax formula that
shows the trade-off between efficiency costs of taxation and equity aspects of
redistribution.

Quantitative analysis showed that distortions in labor supply may sub-
stantially increase when learning decisions are endogenous. Our results sug-
gest that optimum marginal tax rates are significantly reduced when the
learning dimensions of labor supply are taken into account. As such, these
results vindicate Rosen’s (1980) idea that other dimensions of labor supply
matter. The analysis therefore underpins concerns with adverse incentives
that are associated with redistributive policies (e.g. the EITC) not only on
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labor supply but also on learning efforts. In addition, many Western coun-
tries face the consequences of a greying population. The results presented
here can also be interpreted as a case for lowering marginal taxes on labor in-
comes in order to stimulate the accumulation of human capital and to reduce
adverse incentives to retire early.

Appendix

Household optimization

Consolidating the household budget constraint yields:

c = (1− t)w(1− x)− py + (1− t)wlφ(.) + 2g.

Substitution of the household budget constraint in the utility function yields
and unconstrained maximization problem:

max
{l,x,y}

u = ln

(
(1− t)w(1− x)− py + (1− t)wlφ(.) + 2g − l1+1/ε

1 + 1/ε

)
.

This is equivalent to:

max
{l,x,y}

u∗ = (1− t)w(1− x)− py + (1− t)wlφ(.) + 2g − l1+1/ε

1 + 1/ε
.

First-order conditions are:

∂u∗

∂l
= (1− t)wφ(.)− l1/ε = 0,

∂u∗

∂x
= (1− t)wlφx(.)− (1− t)w = 0,

∂u∗

∂y
= (1− t)wlφy(.)− p = 0.

Rewriting yields:
l = [(1− t)wφ(.)]ε,

φx
φy

=
γy

υx
=

(1− t)w

p
,

lφx = 1.

56



Chapter 2 Optimal Taxation and Human Capital

We can solve for the optimal values of l,x, and y. First, use the marginal
rate of technical substitution for goods and time invested in education to get:

y =
υw(1− t)

γp
x.

Substitute the last result in the equation for labor supply then we get l as a
function of x only:

l =

(
υ

pγ

)ευ
h(α)ε (w(α)(1− t))ε(1+υ) xε(γ+υ).

Second, we have:
γlφ(.) = x,

which follows from the arbitrage condition. Use the expression for l to sub-
stitute l out and to arrive at the equation for x:

x∗ = γ
1
µ
h(α)

1+ε
µ w(α)

ε+υ(1+ε)
µ

(
υ

γp

)υ(1+ε)
µ

(1− t)
ε+υ(1+ε)

µ
.

y∗ and l∗ follow from plugging the value for x∗ into the equations for y and
l above.

To check the second-order conditions we first derive the utility function
as a function of x only. Then, we evaluate the second derivative of the utility
function at the optimum. If this second derivative is negative we know that
utility reaches a maximum in (x, y, l) space and we do not encounter a saddle-
point, since optimum values of y and l are positive transformations of x.
Substitution of the optimal values of y and l yields utility as a function of x
only:

v∗ = −(1− t)w(1− x)− p∆x+
1

1 + ε
[(1− t)wΦ(x)]1+ε + 2g.

Where we used y = υ
γ

(1−t)w
p

x ≡ ∆x, and 1
1+1/ε

l1+1/ε = 1
1+1/ε

((1− t)wφ(.))1+ε,

Φ(x) ≡ φ(x,∆x). The second derivative of the utility function at the opti-
mum values for y and l is:

∂2v∗

∂x2
= ((1− t)wΦ(x))ε

((1− t)w)2

1 + ε

(
ε
Φ2
x

Φ
+ Φxx

)
.
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For utility to reach a maximum this must be negative, i.e.

ε
Φ2
x

Φ
+ Φxx < 0.

since all other terms are positive. Next use the properties of Φ:

Φ = h(α)∆υxγ+υ,

Φx = h(α)(γ + υ)∆υxγ+υ−1,

Φxx = h(α)(γ + υ)(γ + υ − 1)∆υxγ+υ−2.

Upon substitution in the last equality we derive:

(1 + ε)(γ + υ) < 1.

I.e. the elasticity of labor supply must not be too high and the private returns
to inputs must not be too high.

Note further that the elasticities of x and y w.r.t. t are constant, εxt ≡
−∂x

∂t
(1−t)
x

= ε+υ(1+ε)
1−(1+ε)(γ+υ)

> 0, εyt ≡ −∂y
∂t

(1−t)
y

= (1+ε)(1−γ)
1−(1+ε)(γ+υ)

> 0. The elas-

ticity of labor supply is constant as well: εlt ≡ − ∂l
∂t

(1−t)
l

= ε(1−γ)
1−(1+ε)(γ+υ)

> 0.

(If goods are tax-deductible we would have the elasticities: εxt = εyt =
ε

1−(1+ε)(γ+υ)
> 0 and εlt ≡ ε(1−γ−υ)

1−(1+ε)(γ+υ)
> 0).

Derivation optimum tax rate

The Lagrangian for maximization of social welfare is given by:

L =

∫ ∞

α

(Ψ(V ) + η (twlφ(.) + tw(1− x)−G− Λ)) dF (α),

where η is the Lagrange multiplier associated with the government budget
constraint. First we have:

∂L
∂G

=

∫ ∞

α

(
Ψ′λ− η + ηt

∂H

∂G

)
dF = 0.

Note that there are no income effects on broad labor supply so that ∂H
∂G

= 0.
This equation can be rewritten using the definition of b:∫ ∞

α

(b− 1) dF = 0,

58



Chapter 2 Optimal Taxation and Human Capital

so that: ∫ ∞

α

bdF = b = 1.

Second, we have:

∂L
∂t

=

∫ ∞

α

−Ψ′ (wlφ(.) + w(1− x)) + η (wlφ(.) + w(1− x)) +

ηtwφ(.)
∂l

∂t
+ η

(
twl

(
φx
∂x

∂t
+ φy

∂y

∂t

)
− tw

∂x

∂t

)
dF = 0.

(If goods invested in education are deductible we would have an additional
−py ∂y

∂t
in the last term in brackets). Rewriting yields:

∂L
∂t

=

∫ ∞

α

(
−Ψ′

η
+ 1

)
(wlφ(.) + w(1− x)) +

twφ(.)
∂l

∂t
+ twl

(
φx
∂x

∂t
+ φy

∂y

∂t

)
− tw

∂x

∂t
dF = 0.

This formula can be simplified in four steps. First, use the definition of ξ to
rewrite the first term:∫ ∞

α

(
−Ψ′

η
+ 1

)
(wlφ(.) + w(1− x)) dF = ξ

∫ ∞

α

(wlφ(.) + w(1− x)) dF.

Second, rewrite the second term:∫ ∞

α

twφ(.)
∂l

∂t
dF =

t

1− t

∫ ∞

α

wlφ(.)
1− t

l

∂l

∂t
dF = − t

1− t
εlt

∫ ∞

α

wlφ(.)dF.

Third, note that

twlφx
∂x

∂t
− tw

∂x

∂t
= 0.

as a consequence of the first order condition for x. And, fourth, rewrite the
last term:∫ ∞

α

twl

(
φx
∂x

∂t
+ φy

∂y

∂t

)
− tw

∂x

∂t
dF =

∫ ∞

α

twlφy
∂y

∂t
dF

=
t

1− t

∫ ∞

α

wlφ(.)
φyy

φ(.)

1− t

y

∂y

∂t
dF = − t

1− t
υεyt

∫ ∞

α

wlφ(.)dF.
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Table 2.2: Optimal tax rates (%) - Changing production parameters

Base: γ = .3 CES CELS
End Ex End Ex

γ = .1 16.8 27.3 18.6 25.3
γ = .2 16.9 28.6 17.6 26.8
γ = .3 17.4 29.8 17.4 29.8
γ = .4 18.3 32.3 14.2 29.5
γ = .5 20.0 33.5 12.1 30.9
γ = .6 23.2 34.6 10.9 32.0

(If goods invested in education are deductible this term is zero). Collecting
all terms gives:

t

1− t
=

ξ

ω(εlt + υεyt)
,

where ω ≡
∫∞
α
wlφ(.)dF/

∫∞
α
wlφ(.) + w(1 − x)dF is the average ratio of

second period income in total income.

Sensitivity analysis

In Tables 2.2 and 2.3 we change production elasticities. Here, it must be
noted that the range over which the parameters can be varied is limited.
Too high values violate second-order conditions, so there are limits on the
returns to private inputs so as to rule out perverse behavior. From Tables
2.2 and 2.3 we can see that changing the elasticities of production yields only
small effects in the optimal tax rates. So the results are robust with respect to
the technology parameters of the production function of human capital. We
note that optimum taxes increase when the elasticity of time in production
of human capital increases for the CES utility function. This is somewhat
strange at first sight, but can be attributed to the backward bending labor
supply curve. Taxation induces agents to work more and rates of return to
investments in human capital rise. More time is spend learning, the tax base
increases, and costs of redistribution falls accordingly. This effect is stronger
if the elasticity is larger.

Finally, in table 2.4 we compute optimum income taxes in the cases where
either the revenue requirement of the government is increased or the elasticity
of inequality aversion. In both cases optimum tax rates increase as expected.
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Table 2.3: Optimal tax rates (%)- Changing production parameters

Base: υ = .1 CES CELS
End Ex End Ex

υ = .05 19.5 28.2 18.0 26.8
υ = .1 17.4 29.8 16.1 28.2
υ = .15 15.9 31.4 14.5 29.4
υ = .2 - - 13.0 30.5

Table 2.4: Optimal tax rates (%) - Changing government parameters

Base: ν = 0 CES Base: Λ = 0 CES CELS
End Ex End Ex End Ex

ν = .99 31.0 43.7 Λ = .1. 18.1 31.7 17.9 30.3
ν = 2 38.3 50.2 Λ = .3 19.8 36.1 23.3 35.9
ν = 3 42.9 54.2 Λ = .5 21.6 41.5 37.5 46.6

The earlier conclusion that optimum tax rates are lower with endogenous
learning decisions is also confirmed here.24

24The optimization routine was not able to compute optimum taxes for the CELS utility
function with positive inequality aversion as utility levels were negative for some agents
due to the scaling parameter θ. This gave the problem that that powers had to be raised
to negative numbers. Transformations of the utility function to overcome this problem are
not innocuous since the amount of redistribution depends on the cardinalization of the
utility function.
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Chapter 3

Optimal Taxation of Human
Capital and Credit Constraints

3.1 Introduction

Friedman and Kuznets (1945) were among the first to recognize that human
capital is illiquid and makes bad collateral.1 Therefore, lenders provide funds
only to a very limited extent to finance these investments. Investments in
human capital may be sub-optimally low as a consequence. Credit markets
imperfections can have adverse effects on the distribution of income, economic
growth and community formation as some important papers of more recent
times suggest.

Intergenerational mobility of human capital is reduced if parents invest
sub-optimally in their children when they cannot borrow the funds to finance
their children’s education, see Becker and Tomes (1979, 1986) and Loury
(1981). Not only inequality may be increased but also economic activity can
be reduced if capital markets fail. If economic growth depends in one way
or another on the level of human capital an economy accumulates, credit
market imperfects may reduce the rate of economic growth, see e.g. Galor
and Zeira (1993) and Perotti (1993). Capital market market imperfections

1This Chapter is based on Jacobs (2001b). I thank Lans Bovenberg, Casper van Ewijk,
Ruud de Mooij, Paul Tang, Peter Sørensen, and Coen Teulings for very helpful comments
and suggestions. I also benefitted from suggestions made by participants of seminars held
at the Tinbergen Institute Amsterdam, CPB Netherlands Bureau for Economic Policy
Analysis, and the 56-th conference of the International Institute for Public Finance held
in Seville, Spain, August 28-31, 2000.
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can also contribute to segregation of communities. Poor households may not
be able to leave their (poor) communities as their life-time levels of human
capital are too low as a consequence of sub-optimal investments in human
capital. Local externalities, taxes, and feedbacks of human capital add to the
persistence of income inequality, see e.g. Bénabou (1996a, 1996b), Durlauf
(1996), and Fernàndez and Rogerson (1996, 1998).

Empirical evidence on the importance of capital market imperfections is
based on the notion that when investments in human capital are constrained,
there should be a correlation between parental incomes and education of
children, see also Becker and Tomes (1979, 1986). This correlation is found
indeed, see for example Bishop (1977), Lazear (1983), Corcoran, Gordon,
Laren, and Solon (1992), Kane (1994), and the overview in Haveman and
Wolfe (1995). However, the correlation between parental incomes and chil-
dren’s education might not be the consequence of failing of credit markets,
but also numerous other factors such as the education of parents. After in-
strumenting for parental incomes to correct for this bias, Shea (2000) finds,
that parental incomes remain to exert an influence on children’s education in
the bottom quartile of the income distribution. Plug and Vijverberg (2000)
also find strong empirical support for the importance of credit constraints
after controlling for the endogeneity of parental incomes.2

Some papers suggest that redistributive policies are in general efficient if
capital markets fail, e.g. Bénabou (1996a, 1996b), Fernàndez and Rogerson
(1996, 1998). The idea is that redistributive polices allow poor agents to
invest optimally in human capital. However, the intuition for this result is less
well understood. Redistribution generally distorts economic decisions. As
stressed by the traditional optimal taxation literature redistribution entails
efficiency losses, see e.g. Mirrlees (1971). In this Chapter we answer the
question why it is so that redistribution is beneficial even if it goes along
with efficiency losses.

In this Chapter we analyze optimal income taxation when credit con-
straints are relevant. Many authors have analyzed the effects of taxation on
learning decisions see, for example, Stokey and Rebelo (1995), Milesi-Feretti
and Roubini (1998), Jones, Manuelli and Rossi (1993, 1997) and Judd (1999).
However, none of these papers paid attention to the consequences of credit

2This is not uncontroversial, however. Cameron and Heckman (1999) and Cameron
and Taber (2000) argue that borrowing constraints are not important.
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constraints.3 We augment the theory on optimal taxation of human capital
using a model in similar vain as the model in Eaton and Rosen (1980).

The first point of this Chapter is to show that even in the absence of
redistributional concerns the optimal tax schedule is progressive when credit
constraints are binding. The intuition is that a more progressive tax sys-
tem redistributes incomes from the old (the rich) to the young (the poor).
The young (parents) face credit constraints so that these are relaxed by a
more redistributive tax system and thereby increases investments in human
capital.4 The latter causes a first-order welfare gain as the learning deci-
sions were initially distorted. The tax, on the other hand, initially causes
only second -order welfare losses, as there was no tax to begin with. Con-
sequently, welfare can be improved as the distortionary tax corrects for the
initial non-tax distortion in the capital market.

The second contribution of this Chapter is to add redistributional con-
cerns to show that the pursuit of equality of incomes yields more equality
of opportunity. The latter is defined as the absence of credit market imper-
fections so that everyone with sufficient ability is able to invest in human
capital at the same conditions. Both low income agents and high ability
agents benefit from a progressive tax schedule. Although, high ability agents
are the potentially high income earners, they suffer the most from the credit
constraints, ceteris paribus. Therefore, they reap the highest efficiency gains
from a redistributive tax schedule. Bénabou (2000) analyzes the political
economy of redistributive policies in a model with human capital accumu-
lation, heterogeneous agents, and credit constraints. He derives that redis-
tributive policies that lead to efficiency gains, that is, alleviation of credit
constraints, can receive a majority support. The results presented in this
Chapter can be interpreted as the welfare economics counterpart of Bénabou
(2000).

The third contribution is that we provide quantitative evidence for the
importance of credit constraints for the setting of the optimal tax schedule.
Numerical calculations indicate that optimum income tax rates are signifi-
cantly higher when capital market imperfections are present compared with

3Nielsen and Sørensen (1997) is one of the few papers to analyze optimal taxation in a
model with human capital accumulation and liquidity constraints. Notwithstanding that
they reach ambiguous conclusions. The reason is that they study fiscal taxation rather
than redistributive taxation.

4The linear tax schedule is a progressive one as the average tax rate increases with
income.
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optimum tax rates derived under perfect capital markets.
This Chapter is related to the existing literature in a number of ways.

First, Hubbard and Judd (1986) have found a similar result in a model with-
out human capital formation. They numerically analyze the effects of tax
policies in a dynamic model where agents are liquidity constrained. They
find that taxing income progressively mitigates the adverse welfare effects of
credit market imperfections on savings. Second, the optimality of progres-
sive taxation in a second-best world has been found as well in Eaton and
Rosen (1980). Uninsurable risks of investments in human capital gives rise
to a non-tax distortion in the economy. Risk averse agents under-invest in
human capital from a social point of view as they require a risk-premium
on their investments in human capital. Progressive income taxation is opti-
mal because agents are partially insured against the uncertain outcomes of
investments in human capital. Third, the typical second-best result of the op-
timality of progressive taxation can also be related to the models of taxation
in labor markets with frictions, unions, or efficiency wages, see for example
Bovenberg and Van der Ploeg (1994), Pissarides (1998), and Sørensen (1999).
A progressive tax schedule in these imperfect labor markets moderates wages
and improves employment or welfare.

This Chapter is organized as follows. Section 2 describes the model and
individual behavior, in Section 3 optimal fiscal policy is derived, Section 4
discusses some numerical examples and Section 5 concludes.

3.2 Model

Consider a two-period life-cycle model of human capital formation. Wage
rates per unit of human capital and interest rates are taken as given.5 A mass
of agents with unit measure lives for two periods. Agents are heterogeneous
with respect to ability to learn α and an endowment ω that accrues to them
at the beginning of their lives. One may also view the endowment as a
parameter reflecting not only financial but also as a monetary short-cut for
the value of non-liquid assets such as the network of parents, or the presence
of collateral such as houses, that may reflect better access to the capital
market. Agents with a higher ability to learn are relatively more efficient in
the production of human capital. The higher is ω, the more favorable are

5The partial equilibrium model can nevertheless be thought of as the steady state of a
small open economy in which perfect capital mobility fixes the real interest rate.
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initial conditions. The cumulative joint distribution of α and ω is denoted
by F (α, ω). F has supports [α,∞) and [ω,∞).

In the first period agents decide to allocate their time between working
and learning, in the second period they work fully and consume their savings
(if they have any savings). We abstract from an endogenous labor supply
decision.6 Every agent has one unit of human capital at the beginning of its
life. A fraction x of total time in the the first period is spend on education,
the rest 1 − x is devoted to working, where the total time endowment is
normalized at unity. We assume that education requires, besides time, κ
market goods per year of education. For simplicity, we do not allow for
substitution between time and goods invested in education.7 Total human
capital h is a function φ of ability α and time x invested in education:

hαω = φ(α;xαω), (3.1)

with φα, φx > 0, φαα, φxx < 0, and φαx = φxα > 0. The subscript refers to
the argument of differentiation. There are positive, but diminishing returns
to ability and time invested in education. Agents with higher ability levels
are assumed to invest relatively more time and goods in human capital accu-
mulation as indicated by the positive cross-derivative. Diminishing returns
to investments in human capital ensure an interior solution with a constant
interest rate.

Income derived from working equals (1 − t)w(1 − x), where t is the flat
labor income tax rate, and w stands for the wage rate. We restrict the
analysis to linear tax rates only in order to reduce the analytical complexities
involved. Perfectly equalizing differences in wage rates are assumed so that
wages per unit of human capital are equal.

The tax authority is unable to observe α and ω so that individualized
lump-sum transfers are excluded. The non-observability of α is standard.
The non-observability of ω is not: we assume that the endowment is not
subject to the income tax. The analysis is qualitatively not affected by this

6Although the model becomes highly non-linear, we do not expect that qualitative
results change when labor supply is endogenous. We expect that effective labor supply
elasticities go up however. Jacobs (2001a) analyzes optimal income taxation with endoge-
nous human capital and labor supply with perfect capital markets and finds that optimal
taxes should be lower since tax distortions are increased by an endogenous labor supply
decision.

7Qualitative effects are not affected by allowing for substitution between goods and
time invested in education.
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assumption. Two reasons can be given for making this assumption. First,
parental incomes are usually already taxed before the children receive the
transfers and we do not model the role of parents explicitly. Second, as ω
also reflects non-monetary means, it is hard, if not impossible, for the tax-
authority to tax these. Furthermore, the tax authority cannot distinguish
between income from raw labor and human capital. The latter is the analogue
to the non-observability of wage rates and hours worked. Consequently, taxes
on both human capital and labor are both equal to t.

Every agent might receive a non-individualized lump-sum income trans-
fer, or negative income tax, g, in both periods of its life. With positive
transfers g the tax-system is progressive since the average tax rate increases
with income. Goods invested in education κx are non-tax deductible. Sav-
ings s equal total income minus first period consumption c1 and the direct
costs of education κx. The consumption price is chosen as the numéraire.
Consumption is not taxed. The first period budget constraint is therefore
given by:

c1αω + κxαω + sαω = (1− t)w(1− xαω) + ω + g, (3.2)

In the second period, income derived from accumulation of financial assets
is (1 + r)s where r is the constant real interest rate. Interest income is
untaxed.8 All income from human and financial sources is used for second
period consumption c2. Hence, the second period budget constraint is:

c2αω = (1− t)whαω + (1 + r)sαω + g. (3.3)

We assume that second period consumption is always higher than first period
consumption. This is in conformity with reality. The consequence of this
assumption is that the lump-sum transfer affects first period consumption
more than second period consumption, so that a progressive tax-schedule,
entails redistribution from the old (the rich) to the young (the poor).

Agents with low initial incomes are subject to credit market imperfections.
The credit market fails because human capital cannot serve as collateral for

8Taxes on savings encourage human capital formation because real interest costs are
lower, see Heckman (1976). We abstract from the analysis of optimal dual income tax-
ation where taxes on labor income and capital income are simultaneously optimized, see
e.g. Nielsen and Sørensen (1997) for a model with homogeneous agents and dual income
taxation. Bovenberg and Jacobs (2001) analyze optimal dual income taxation with het-
erogeneous agents in a comparable model without credit constraints. Eaton and Rosen
(1980) proceed in similar fashion.
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loans as individuals cannot sell claims on their future incomes to banks -
slavery is abandoned, see Friedman (1962). Moreover, the credit market is
likely to fail as well because of information asymmetries - causing problems
with moral hazard and adverse selection in credit markets. Credit market
imperfections can take various forms. For analytical tractability, the common
assumption is made that the credit market imperfection takes the form of a
non-negativity constraint on financial savings:9

sαω ≥ 0. (3.4)

Finally, we do not allow for education subsidies or loans, as in Eaton and
Rosen (1980).10 Of course, most governments give education subsidies and
loans on a large scale in most developed countries in order overcome problems
in imperfect capital markets. A priori there is no reason to exclude these as an
instrument. Nevertheless, we observe that, even in the presence of the highly
developed systems of education finance, there is empirical support for the
presence of liquidity constraints for the poor agents. We could therefore set
the level of subsidies at some prefixed level, that is insufficient to eliminate all
credit constraints, but this would not affect our main argument. Additionally,
our argument gains relevance in less developed countries where systems of
education finance are not that well developed, and we can expect that credit
constraints impose large restrictions to agents to invest optimally in human
capital.

Moreover, Mincer (1962) and Heckman et al. (1998a) suggest that a large
part of human capital formation can be attributed to on-the-job-training.
Since these training efforts are generally not verifiable, subsidies on on-the-
job training are hard to target efficiently due to the moral hazard and adverse
selection problems induced by non-verifiable efforts, see also Van Ewijk and
Tang (2000a). Training subsidies may therefore not be so effective so as to
eliminate all credit constraints.

Utility u is a concave twice differentiable utility function with positive
but diminishing marginal utility of consumption in both periods:

u(c1αω, c2αω), (3.5)

9It requires a complex model to allow explicitly for uncertainty and asymmetric infor-
mation. See for example Stiglitz and Weiss (1981) for the analysis of credit rationing in
markets with imperfect information.

10See Bovenberg and Jacobs (2001) for an analysis of the simultaneous setting of optimal
taxes and education subsidies in a similar model as the one presented here.

69



Public Finance and Human Capital

and uc1 , uc2 > 0, uc1c1 , uc2c2 < 0, uc1c2 = uc2c1 ≥ 0.
Agents maximize utility by choosing consumption c1, c2, and the optimal

amount of learning x, subject to their budget constraints, the production
function of human capital and the non-negativity constraint on savings. Since
the optimization problem is well-behaved, first order conditions are both
necessary and sufficient. Manipulation of the first order conditions gives the
Frisch demand equations (see also the appendix):

c1αω = c1 [λ1αω, λ2αω] , (3.6)

c2αω = c2 [λ1αω, λ2αω] , (3.7)

λ1αω = (1 + r)λ2αω, sαω ≥ 0,

λ1αω + µαω ≥ (1 + r)λ2αω, sαω < 0, (3.8)

with c1,λ1 , c2,λ2 < 0, c1,λ2 = c2,λ1 ≥ 0, where the subscript refers to the
argument of differentiation. λ1 and λ2 stand for marginal utility of income
in periods 1 and 2 respectively. µ is the Lagrange multiplier associated with
the non-negativity constraint on savings. It is positive if the constraint is
binding, and equal to zero if the constraint is slack. In the last case, the
price of period 1 consumption relative to period 2 consumption is simply
equal to 1+r. If the non-negativity constraint is binding, the marginal value
of income in period one increases, so that the price of consumption in period
one relative to period two satisfies λ1 + µ ≥ (1 + r)λ2.

Conditional demand for investment inputs x in the production of human
capital is written as:

xαω = x

[
λ1αω((1− t)w + κ)

λ2αω(1− t)w
;α

]
, (3.9)

with ∂x
∂R

< 0, R ≡ λ1αω((1−t)w+κ)
λ2αω(1−t)w , since φ′′ < 0. By virtue of the concavity of

the production function of human capital and the complementarity between
ability and x in the production of human capital we may sign ∂x/∂α > 0.
More talented agents learn more as their productivity of time invested in
human capital accumulation is higher (φxα > 0).

If the non-negativity constraint is slack, i.e. when λ1/λ2 = 1 + r, the
optimal choice of inputs is not affected by initial conditions as a result of the
separation between optimal investment and consumption decisions. Conse-
quently, we may sign the partial ∂x/∂ω = 0 if s ≥ 0. Agents with an initial
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endowment ω ≥ ωo ≡ cu1αω + κxuαω − (1 − t)w(1 − xuαω) − g are not credit
constrained in the first period. cu, and xu denote optimal first period con-
sumption and time devoted to human capital accumulation if savings are
positive. Time invested in human capital is thus equal for every agent with
the same ability α if agents are unconstrained, although ω may differ.

Since binding credit constraints prevent agents to invest optimally in
human capital, we can establish that ∂x/∂ω > 0 if s < 0. Agents have to
sacrifice future consumption for their investments in human capital. This
becomes increasingly more expensive in terms of utility as a consequence
of diminishing marginal utility. As such, the lower are initial incomes, the
higher is the relative price of future income, and the lower are investments
in human capital. From the definition of ωo is clear that, either if agents
are very poor (low ω) or have high ability (high α) and learn a lot, credit
constraints become more important.

Note further that taxes distort investments in human capital. A higher
tax rate decreases investments in human capital since total costs - foregone
earnings and goods invested - are less affected by changes in the tax rate,
than the returns, in the form of future earnings. If goods were not an input
in production of human capital, or were fully tax deductible, the tax rate
would have no effect on investments in human capital since costs and returns
are equally affected by the tax.11

3.3 Optimal taxation

3.3.1 Optimal taxation without redistribution

First, we show that optimal linear tax rates are positive even in the absence
of redistributive preferences and the use of lump-sum transfers. However,
these transfers are not age-dependent which is crucial for our exposition. To
that end we consider a model with a representative agent. There are two

11Alternatively, we could introduce a (similar) tax distortion on learning decisions by
employing a tax schedule where marginal rates on tax on second period income are higher
than marginal rates on first period income as in Nielsen and Sørensen (1997). We could
also allow for endogenous labor supply in the second period so as to get a tax distortion on
learning through the utilization of human capital as in Eaton and Rosen (1980). If taxation
induces agents to work less, returns on investments human fall as the utilization rate of
human capital decreases. Both modifications complicate the analysis without altering the
main conclusions of this Chapter.
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instruments at the disposal of the government: the linear tax rate on labor
income t and the negative income tax g. The government collects taxes to
finance the negative income tax and a revenue requirement Λ.12 We assume
that the government can indeed borrow funds at real interest rate r to satisfy
the inter-temporal budget constraint. The reason is that the government has
a claim on all human capital stocks through the tax system as it is able
to enforce tax payments. Therefore it can circumvent the capital market
constraint that individuals face.

The government budget constraint reads as:

Λ +G = tH, (3.10)

where G ≡ g(2+r), and H(x) ≡ w(1−x)+wφ(x)/(1+r) stands for the life-
time value of human capital discounted at rate r. It’s analytically convenient
to work with H(x) as a measure for human capital (or labor income).

Note that ∂H/∂G = 0 if the agent is not constrained, since the invest-
ment decision is not affected by taxes. ∂H/∂G > 0 if the agent is liquidity
constrained, since a relative increase in first period income relaxes the credit
constraint, so that learning time increases. Due to the progressive tax sched-
ule, the government allows the agent to transfer resources from second period
to the first period of its life. Moreover, the lump-sum element has distor-
tionary effects as the relative price of current in terms of future consumption
(λ1/λ2) is affected by G.

Further, ∂H/∂t < 0 if the agent is not liquidity constrained. ∂H/∂t is
assumed to be negative for liquidity constrained agents.13 The tax rates t
and lump-sum transfers G are chosen so as to maximize the indirect utility
function of the representative agent V (t, G) ≡ u(c∗1, c

∗
2), subject to the first

order condition for optimal learning and the government budget constraint.
The Lagrangian is:

L = V + η(tH −G− Λ), (3.11)

12Revenue requirements are not necessary for our exposition, but we follow common
practice here.

13There are two opposing effects operative here. First, there is the negative effect due
to the tax distortion. Second, taxing income affects second period income relatively more
than first period income. Therefore, λ1/λ2 decreases and learning time increases. We
make the (technical) assumption that the first effect dominates the second effect. The
optimization program for the government would not be well defined otherwise, i.e. when
∂H/∂t > 0. See the appendix for the derivations of the comparative statics.
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where η is the Lagrange multiplier associated with the government budget
constraint. The first-order condition for the lump-sum element G is:

∂L
∂G

= λ1 − η + ηt
∂H

∂G
= 0, (3.12)

where Roy’s lemma is used: ∂V/∂G = λ1. From this follows that the
marginal costs of public funds (MCPF ), defined as η/λ1, are larger than
unity since ∂H

∂G
> 0:

MCPF ≡ η

λ1

=
1

1− t∂H
∂G

> 1. (3.13)

If there were no credit constraints, we have ∂H
∂G

= 0, and the MCPF equals
unity. The marginal costs of funds increase if human capital reacts more
sensitively to an increase in the lump-sum taxation, i.e. when ∂H

∂G
increases.

The reason is that credit constraints become more tight when the government
employs lump-sum element to generate revenues. The last expression reveals
that lump-sum finance is distortionary.

The first-order condition for the tax rate is given by:

∂L
∂t

= −λ1w(1− x)− λ2wφ(x) + ηH + ηt
∂H

∂t
= 0, (3.14)

where Roy’s lemma gives: ∂V/∂t = −λ1w(1− x)− λ2wφ(x). We rewrite the
last expression:

−λ1w(1− x)− λ2wφ(x) = −λ1H(1− q), (3.15)

where q ≡
(

1
1+r

− λ2

λ1

)
χ > 0, and χ ≡ wφ(x)/H is the share of second period

income in total human capital. q denotes the welfare loss due to the presence
of the liquidity constraint. q is strictly non-negative, since with liquidity
constraints we have λ2/λ1 < 1/(1+r). Using the last result in the first-order
condition gives the optimal linear tax rate:

t

1− t
=

1

ε

(
1− 1

MCPF
+

q

MCPF

)
, (3.16)

where ε ≡ −∂H
∂t

1−t
H

> 0 is the uncompensated elasticity of life-time earnings
with respect to the tax rate. This expression has an intuitive interpretation.
First, the larger the elasticity of the labor income tax base with respect to
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the tax rate, the lower should the optimal tax be, because taxation causes
efficiency losses.

Second, the first two terms in the brackets measure the costs of employing
the lump-sum element in revenue raising. 1 − 1/MCPF is positive due to
the fact that the MCPF are larger than unity. The higher are the MCPF ,
the more costly it is to raise revenues with the lump-sum element as credit
constraints become more tight. Therefore, the government relies more on the
tax rate to finance revenues accordingly.

Third, the last term measures the extent to which the credit constraint
calls for redistributive taxation. If credit constraints are more tight, q in-
creases, so that the optimal tax rate on labor income increases. By increasing
the tax rate the government allows the agent to transfer future income to
the first period of its life.

The intuition for the fact that a progressive tax system is always optimal
if there are credit constraints is as follows. Since there is a non-tax distor-
tion (credit constraint) in the economy in the absence of taxation, it is always
optimal to reduce this distortion through G with the distortionary tax, be-
cause the latter initially only causes second order welfare losses, since there
was initially no tax, whereas the relaxation of the credit constraint causes a
first-order welfare gain since the learning decision was already distorted as a
consequence of the credit constraint.

If there are no credit constraints, the lump-sum element can be employed
in non-distortionary fashion and MCPF equals unity. q is zero as well in
that case. Hence, in the absence of credit constraints, the optimal tax rate
on labor income is zero

Proposition 1 In the absence of redistributive motives, the optimal tax rate
is strictly positive if credit constraints prevent agents to invest opti-
mally in human capital. The optimal tax rate t should be higher if:
i) the MCPF are higher, that is, when the transfer G is less suited
to raise revenues as this instrument aggravates credit constraints; ii)
credit constraints are more important, i.e. q is larger; iii) the uncom-
pensated elasticity of human capital ε w.r.t. the tax rate is lower. If
credit constraints are not binding, the MCPF = 1, and q = 0, so that
t = 0.
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3.3.2 Optimal taxation with redistribution

In this section we turn to the more general case of optimal income taxation
with heterogeneous agents so that redistributive motives of the government
explicitly enter through the social welfare function. The arguments derived
in the previous section can be applied in straightforward fashion to this case.
The appendix contains the derivation. The government budget constraint
now reads as:

Λ +G = t

∫ ∞

α

∫ ∞

ω

HαωdF (α, ω), (3.17)

where H(xαω) ≡ w(1− xαω) + wφ(α;xαω)/(1 + r).
The tax rate t and lump-sum transfers G are chosen so as to maximize a

social welfare function Γ over individual utilities:

Γ =

∫ ∞

α

∫ ∞

ω

Ψ(Vαω)dF (α, ω), Ψ′ > 0, Ψ′′ ≤ 0, (3.18)

where Vαω is the indirect utility function of the agents, subject to the first
order condition for optimal learning and the government budget constraint.
Different assumptions about Ψ yield e.g. a Rawlsian objective function or an
utilitarian objective function (Ψ′ = 1), see also Atkinson and Stiglitz (1980).

From, the optimum condition for G we can derive the marginal costs of
public funds, which is now given by η/λ, where λ ≡

∫∞
α

∫∞
ω

Ψ′λ1dF is the
average of the marginal social valuation of income:

MCPF ≡ η

λ
=

1

1−
∫∞
α

∫∞
ω
t∂H
∂G
dF

> 1. (3.19)

The interpretation of MCPF is the same as before. The lump-sum element
has costs in terms of revenue raising because credit constrained agents learn
less as G is increased. Therefore, G is distortionary finance.

To find an implicit expression for the optimal tax rate we define the
weighted average uncompensated elasticity of life-time earnings with respect
to the tax rate:

ε̄ ≡
∫∞
α

∫∞
ω
εαωHαωdF∫∞

α

∫∞
ω
HαωdF

> 0, (3.20)

where the weights are the income levels of the agents. Elasticities of agents
with higher income levels are weighted more because the average distortion
of taxation increases if agents have higher incomes.
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Further, we introduce the distributional characteristic ξ that comprises
the distributional impact that human capital has on social welfare, see also
Atkinson and Stiglitz (1976):

ξ ≡ −
(∫ ∞

α

∫ ∞

ω

(
Hαω

H̄

)(
Ψ′λ1αω)

λ

)
dF (α, ω)− 1

)
> 0. (3.21)

The term in brackets measures the normalized covariance of human capi-
tal and the marginal social valuation of income. H̄ ≡

∫∞
α

∫∞
ω
HαωdF (α, ω)

stands for the average human capital, and λ is the average social marginal
value of income. The distributional characteristic is positive: ξ > 0. The
reason is that Ψ′λ1αω decreases if human capital earnings Hαω increase as a
consequence of diminishing marginal utility of income. i.e. it becomes so-
cially less efficient to redistribute resources to richer agents, given that the
social welfare function features diminishing marginal social welfare in utility
of the agents. Consequently, the term in brackets is negative.

If the government was not interested in redistribution, every agent has
the same marginal social value of income: Ψ′λ1 = λ, which yields the result
that ξ = 0 in that case. The distributional characteristic increases if incomes
become more unevenly distributed, or if a greater weight is given to agents
at the lower end of the income distribution.

The optimal tax rate follows after manipulation of the first order condition
for t:

t

1− t
=

1

ε̄

(
ξ +

(MCPF − 1)

MCPF
+
( q

MCPF

))
, (3.22)

where 1/MCPF ≡
∫∞
α

∫∞
ω

Ψ′λ1HdF/ηH̄ > 0 is the income weighted in-
verse of the MCPF . This term weights the welfare losses from employing
the lump-sum element with the levels of income. The more high income
earners, i.e. the agents with the high abilities, react to decreasing the lump-
sum element, the more the average inverse of MCPF falls, and vice versa.(

q
MCPF

)
≡
∫∞
α

∫∞
ω

Ψ′λ1qHdF/ηH̄ > 0 is the income weighted social welfare
loss associated with the capital market imperfection. The more the high
income earners suffer from the credit constraints, the higher the average
marginal social welfare loss is above the non-weighted average welfare loss.

Also this optimum tax formula has an intuitive interpretation. Again, the
optimal tax rate on labor income should be lower if the average compensated
elasticity of human capital with respect to the wage rate is higher as indicated
by ε̄.
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The first term, ξ, measures the extent to which the government wants
to redistribute incomes. The larger is the spread in incomes, and the more
concave is the social welfare function, the larger is the distributional char-
acteristic. Hence, the government sets a higher optimum tax if ξ is larger.
The formula clearly shows the trade-off between equity (ξ) and efficiency (ε)
considerations.

The second term measures the distortionary aspects of using the lump-
sum element in raising revenues. The more distortionary lump-sum taxes
are, i.e. when the MCPF are higher above 1, the higher the government
should set the tax rate, in order to off-set the distortions associated with
the lump-sum element. Since the high ability agents suffer relatively more
from credit constraints, for given ω, because they learn more, the average
inverse of the MCPF falls relatively more than the MCPF increases. This
makes that the distortionary impact of employing the lump-sum element in
revenue raising is increased. In other words, if more high-ability agents are
credit constrained, everything else equal, the government uses less lump-sum
finance and the optimum tax should be higher.

The third term measures the welfare costs of the capital market imper-
fections. The higher is the average welfare loss, the higher the government
should set the tax. A more progressive tax therefore alleviates credit con-
straints. Again, the marginal welfare loss, is aggravated if the relatively high
income earners (due to high ability) are also the ones suffering from credit
constraints. This makes that income weighted loss of credit constraints in-
creases more than the non-weighted welfare loss as credit constraints are
more severe.

If there is a strong correlation between initial income endowments and
ability, which is the empirically plausible case, the distortionary effects of
credit constraints are lower. The reason is that ceteris paribus high ability
agents suffer the most from credit constraints. If these high ability agents are
also better endowed, the role of the capital market imperfections is reduced.
This results both in a decline in average MCPF and a decline in the average
welfare loss due credit constraints. the last two terms in the tax formula.
Consequently, optimal tax rates could be lower if the correlation between
ability and endowments increases. However, a stronger correlation between
initial incomes and ability increases the distributional characteristic, so that
optimal tax rates increase on that account. If there were no distortions due
to capital market imperfections, a higher correlation between endowments
and abilities would of course result in higher optimum taxes as only the
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distributional characteristic is affected.
If there is no income inequality (H equal for all agents), the government

places the same value of income on every agent, ξ = 0. In that case, the wel-
fare weighted inverse of theMCPF coincides with the inverse ofMCPF , and
the welfare weighted loss of the capital market imperfection equals q/MCPF
for all agents. In this case we have the formula that we obtained earlier in
the case of a representative agent, see equation (3.16).

If the capital market imperfection is absent, there are no income effects
of lump-sum transfers, so that MCPF = 1.14 Moreover, in that case, q = 0

so that
(

q
MCPF

)
= 0 and the optimal tax rate equals:

t

1− t
=
ξ

ε̄
. (3.23)

This is a familiar looking expression in linear taxation models showing the
trade-off between equity and efficiency, see e.g. Dixit and Sandmo (1977),
Atkinson and Stigitz (1980), or Tuomala (1985). The numerator gives the
normalized covariance of the marginal utility of income and earnings and the
denominator gives the average compensated elasticity. In contrast with the
case of a representative agent, the optimum tax remains to be positive even if
capital markets are perfect. The reason is that there is still income inequality
due to differences in ability, so that the government wants to redistribute
incomes.

Proposition 2 In the presence of redistributive motives, the optimal tax
rate is strictly positive, whether credit constraints prevent agents so in-
vest optimally in human capital or not. The optimal tax rate t should
be higher if: i) the MCPF are higher, that is, when the transfer G is
less suited to raise revenues as this instrument aggravates credit con-
straints; ii) credit constraints are more severe, i.e. q is large; iii) the
average uncompensated elasticity ε̄ of human capital w.r.t. the tax rate
is lower; iv) if the government attaches greater weight to income equal-
ity, so that ξ is higher. If credit constraints are not binding for all
agents we have that MCPF = 1, and q = 0, so that the tax rate t is

14It might seem surprising that in the last case the MCPF are unity even if taxation is
distortionary. There is, however, nothing intrinsically special to this case. In Atkinson’s
(1995) analysis where optimal linear taxation of income is analyzed in a model with en-
dogenous labor supply, and preferences are such that income effects are absent - as in our
analysis in the absence of credit constraints -, the MCPF are unity as well.
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determined only by the distributional characteristic ξ and the elasticity
ε̄.

3.4 Numerical examples

This section considers some numerical examples of the optimal tax rates. The
main focus in our calculations is on effects of credit constraints on optimum
tax rates. The method employed here stems from Stern (1976). At forehand
must be noted that these results should be interpreted with caution since
there is a large number of (unknown) parameters involved.

We make two simplifying assumptions so as to solve the model analytically
for the consumers in the cases where capital market imperfections are either
present or absent, see the appendix.15 First, we assume that the tax code
is such that only in the first period a lump-sum transfer is given. This
assumption can be justified if the share of the second period transfer in total
second period income is low, which is not unreasonable. Second, the utility
function is logarithmic, i.e. with an elasticity of substitution equal to unity:

u(c1, c2) = ln c1 + ln c2, (3.24)

The production function of human capital is assumed to be Cobb-Douglas:

φ(α, x) = Aαβxγ, (3.25)

where A > 0 is the exogenous productivity of learning. The Cobb-Douglas
function is used in almost the entire human capital literature, see e.g. Weiss
(1986) or Trostel (1993). β is the elasticity of ability in learning and is
calibrated to give a realistic spread in learning time.

The social welfare function is a Samuelson-Bergson utility function with
a constant elasticity of inequality aversion υ:

Γ =

∫ ∞

α

∫ ∞

ω

V 1−υ − 1

1− υ
dF (α, ω). (3.26)

If υ = 0 the social welfare function is utilitarian, if υ = ∞ the social welfare
function is Rawlsian, see also Atkinson and Stiglitz (1980).

15This is done for computational convenience because the model may very easily become
very complex to solve numerically.
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The joint density of ability and endowment incomes is assumed to be
bivariate log-normal with means µα, µω, standard deviations σα, σω, and
correlation ραω:

(lnα, lnω) ∼ N [µα, µω, σα, σω, ραω]. (3.27)

The reason for assuming this distribution is that the income distribution is
approximately log-normal. In order to generate a log-normal income distri-
bution, abilities must be log-normally distributed.16 Initial endowments are
also likely to be drawn from a log-normal income distribution since parental
incomes are also approximately log-normally distributed. Moreover, the joint
normal distribution allows us to construct an artificial data-set in an easy
way: for each pair (α,ω) we can compute the density f(α, ω) by conditioning
ω on α.17

Each period is thought of lasting 30 years. The interest rate is set at
r = 5 which corresponds to approximately 5.4% per year. Wage rates per
unit of human capital w are harmlessly normalized at unity. Taxes are solely
redistributive because the government revenue requirement is set at Λ = 0.
The pure rate of time preference ρ is set at zero. The social welfare function
is utilitarian, so that υ = 0.

Direct costs of education are set at κ = .5 which is half of the wage rate.
Therefore, direct costs make up for 1/3 of total costs per year of education.
Becker (1964) and Boskin (1975) argue that direct costs make up for 1/4 of
total costs of education. We use a somewhat higher value here.18

The elasticity of time in learning is set at γ = .4. After reviewing the
literature extensively, Trostel (1993) sets this elasticity at .45. The elasticity
of ability is set at β = .5. If the elasticity of ability in the production
function for human capital is higher, investments in human capital rapidly
diverge between ability groups; varying other parameters often give corner
solutions which we want to avoid.

16Alternatively, one may draw ability from a normal distribution and write the produc-
tion function for human capital as: φ(α, x) = A exp[α]βxγ .

17We constructed an artificial data-set based on 10x10=100 observations representing
the deciles for ability and initial income endowments.

18A reason to justify this value is that we ignored an endogenous labor supply decision
that might affect incentives to learn. If taxation reduces labor supply, returns on invest-
ments in human capital fall, so that taxation reduces the utilization rate of human capital.
By increasing the value of the direct cost parameter we potentially correct for a too low
impact of taxation on learning incentives due to ignored labor supply effects.
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Table 3.1: Optimal tax rates (%)

µω = −2.5 µω = −1.25 µω = 0
γ tu tc tu tc tu tc

0.1 39.4 39.4 40.5 40.5 43.0 43.0
0.2 29.4 34.3 30.3 31.0 35.2 32.2
0.3 23.7 34.1 24.4 29.5 25.8 25.8
0.4 19.8 33.8 20.4 29.1 21.4 22.4
0.5 17.1 35.0 17.5 30.7 18.2 21.5
0.6 15.2 35.2 15.4 31.7 15.7 22.9

The other parameter for the the human capital technology (A) is cali-
brated so that the lowest 10 percentile ability agents spend 20% (6 years) in
the first period to learning and the highest 10 percentile ability agents spend
80% (24 years) of their time to learning. This results in A = 17.5.

The distribution parameters are set as follows. Following e.g. Mirrlees
(1971) and Stern (1976), and Tuomala (1990), the mean of the logarithm of
ability µα is equal to -1 which is a normalization. The standard deviation
of ability σα is assumed to follow the standard deviation of the income dis-
tribution which is roughly 0.4. The same standard deviation is assumed for
the initial endowments. The mean of the initial distribution is calibrated so
that 26% of the agents are constrained in the absence of taxes and trans-
fers. Shea (2000) finds that credit constraints are relevant for at least the
25% poorest agents. The correlation coefficient between endowments and
ability is set at .4. Kremer (1997) and Shea (2000) find that the correlation
between children’s educational attainment and parental educational attain-
ment is approximately .4. If parental education is a good proxy for initial
log endowments a correlation of .4 seems reasonable.

Optimal tax rates under perfect capital markets tu and under credit mar-
ket imperfections tc are derived separately. The reason is that by doing so
one can judge the relative importance of credit market imperfections and the
implications for optimal policies. Table 3.1 shows optimal tax rates for differ-
ent distributional assumptions when the elasticity of the production function
γ is varied. Tax rates are derived for different means of initial income endow-
ments. The middle column gives the base-case. In the left column, initial
income endowments are lowered, whereas in the right column, they are in-
creased.
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In the base case scenario where γ = .4 and µω = −1.25, the optimal
tax rate equals 20.4%. Given the assumptions used, something similar as
Stern (1976) found in the case of endogenous labor supply was to be ex-
pected. Stern finds an optimal tax rate on labor income of 22.3% when the
elasticity of substitution between consumption and leisure equals .4. Tax
rates increase if the elasticity of learning time in production of human cap-
ital decreases. The reason is that taxes become less distortionary. Similar
reasoning holds for increasing the elasticity. With elasticities higher than .6,
highest ability agents get into corner solutions as they invest their maximum
time endowment in learning.

If the capital market is perfect, optimal tax rates are lower if mean en-
dowments are decreased. The reason is that there is less inequality. The
reverse holds for an increase in initial endowments. The changes in optimum
tax rates due to changes in endowments are small however. The reason is
twofold. Income endowments are not taxed, and endowments only constitute
a small fraction of life-time incomes.

If credit markets are imperfect, optimal tax rates are significantly higher
than under perfect capital markets. For the base-case the optimal tax rate
equals 29.1% which is almost half as high as with perfect capital markets.
If initial income endowments are lowered, the tax rate increases to 33.8%,
whereas if initial incomes are increased, the optimal tax rate almost equals
the tax rate under perfect capital markets (22.4%). The last finding implies
that for mean income endowments that are high enough, credit constraints
become non-binding.

Apparently, costs of imperfectly functioning capital markets are signifi-
cant in terms of welfare compared to the welfare costs of taxation. This result
is reinforced when the elasticity of learning increases. The optimal tax rates
under perfect capital markets decrease because costs of taxation increase.
Under imperfect capital markets, the tax rate increases with the elasticity of
the learning function. The reason is that efficiency gains of taxation increase
as the marginal returns on human capital increase when the elasticity is
higher. Costs of taxation therefore increase less than the benefits of taxation
as the elasticity rises. Note also that the tax rate varies non-monotonically
with γ. A finding that is due to the fact that H is non-monotonically varying
with γ.19

19Stern (1976) found a similar non-monotonic pattern when varying the elasticity of
substitution between leisure and consumption in a model with endogenous labor supply.

82



Chapter 3 Optimal Taxation and Credit Constraints

Table 3.2: Optimal tax rates (%)

µα = −2 µα = −1 µα = 0
γ tu tc tu tc tu tc

0.1 38.4 38.4 40.5 40.5 42.3 43.2
0.2 27.5 27.5 30.3 31.0 32.7 42.0
0.3 21.0 21.1 24.4 29.5 27.3 44.0
0.4 16.5 16.5 20.4 29.1 23.9 46.0
0.5 13.0 13.0 17.5 30.7 21.8 49.2
0.6 10.2 10.2 15.4 31.7 20.6 52.3

Mean ability is changed in table 3.2. If mean ability is lowered, optimal
taxes under perfect capital markets are decreased from 20.4 to 16.5% (γ = .4)
because the distribution of income becomes less unequal. The reverse holds
if ability increased: taxes increase from 20.4 to 23.9%. Changes in optimal
tax rates are relatively small when mean ability changes. Note, however,
that increases in ability are accompanied by significant increases in optimal
tax rates when there are credit constraints: from 29.1 to 46.0%. Increasing
ability make more agents suffer from credit constraints because they learn
more. Consequently, efficiency gains from redistributive taxation are high.
When ability is decreased the optimal tax rate is sufficient to remove all
credit constraints, so that it is equal to the tax rate under perfect capital
markets (16.5%).

The first column of table 3.3 shows optimal tax rates if the elasticity of
ability in the production function for human capital β is changed. Under
perfect capital markets the tax rate tends to zero. The reason is that income
inequality vanishes - see also proposition 1. An interesting feature is that the
optimal tax rate under imperfect capital markets remains largely constant
for a large range of parameter values. The optimal tax rate first declines and
then increases at high levels of the of the ability elasticity.

The second column gives the optimal tax rates when fixed costs of learn-
ing κ are changed. When direct costs are lowered, costs of taxation fall, be-
cause taxation becomes less distortionary. Consequently, optimal tax rates
increase. This holds for both the tax rates under perfect and imperfect credit
markets. The optimal tax rate is almost 50% under perfect capital markets
when costs of education are small (κ = 0.1).

In the third column the interest rate increases from 4 to 12% per year.
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Table 3.3: Optimal tax rates (%)

β tu tc κ tu tc r tu tc ραω tu tc

.1 2.8 33.8 .1 49.2 49.7 3.32 22.8 41.1 .1 18.6 30.0

.2 7.5 31.0 .2 35.9 42.2 4.48 21.1 32.7 .2 19.2 29.7

.3 12.3 29.4 .3 28.4 36.8 6.05 19.1 23.5 .3 19.8 29.6

.4 16.7 28.9 .4 23.7 32.5 8.17 17.1 17.1 .4 20.4 29.1

.5 20.4 29.1 .5 20.4 29.1 11.02 15.2 15.2 .5 21.0 28.8

.6 23.5 30.5 .6 17.9 26.5 14.88 13.5 13.5 .6 21.6 28.2

.7 26.2 31.3 .7 16.1 24.1 20.09 12.2 12.2 .7 22.2 27.6

.8 28.4 32.4 .8 14.7 22.3 27.11 11.3 11.3 .8 23.0 26.9

.9 30.4 32.9 .9 13.5 20.6 36.60 10.6 10.6 .9 23.8 26.9

Higher interest rates reduce optimal investments in human capital. Hence,
credit constraints become less important. When the interest rate is 7% or
higher, tax rates under perfect and imperfect capital markets coincide as
credit constraints cease to be important.

The correlation between initial incomes and ability is varied in the fourth
column. Under perfect capital markets, optimal tax rates vary only little
with the correlation: there is only a difference of about 5 percentage points
in the tax rate when the correlation is increased from .1 to .9. One may
conclude that, although there might be a lot of skewness in initial conditions
– those with high talents are likely to have good backgrounds – the tax system
cannot alter this skewness via the taxes on human capital. The reason is
again twofold. First, most variation in the distribution of income is due to
education choices. Second, initial endowments are non-taxed. Optimal tax
rates remain almost constant as well under imperfect capital markets. The
optimal tax rates decline when correlations between ability and endowments
increase. In this case the distortionary costs of taxation increase because
credit constraints become less important. The reason is that increasing the
correlation relaxes credit constraints especially for the high ability agents,
who suffer most from capital market imperfections. Hence, the scope for
progressive taxes to correct capital market failures decreases. This increase in
the distortionary costs of taxation is apparently not off-set by increases social
benefits of taxation since there is more inequality with larger correlations
between endowments and ability.

In table 3.4 we have calculated optimal tax rates on human capital where

84



Chapter 3 Optimal Taxation and Credit Constraints

Table 3.4: Optimal tax rates (%)

Λ tu tc υ tu tc

.18 (10%) 21.4 32.5 0 20.4 29.1

.36 (20%) 22.5 36.0 .99 28.9 32.9

.54 (30%) 23.8 40.0 2 34.2 35.9

.72 (40%) 25.3 44.8 3 37.8 38.2

.90 (50%) 27.1 49.6 ∞ 59.1 59.1

the government requires some revenues Λ. Every .18 point of revenue corre-
sponds to a 10% of total human capital income in the base case scenario. As
expected, optimal tax rates increase with Λ. However, with imperfect capi-
tal markets, increases in tax rates are much larger than with perfect capital
markets. The reason is that the poll subsidy is less suited to raise revenues
under imperfect capital markets. Therefore, the government relies more on
the distortionary tax to raise revenues if capital markets are imperfect.

Preferences of the social welfare function are changed in the last column
of table 3.4. The coefficient of relative inequality aversion υ is increased.
Interestingly, at high enough levels of inequality aversion, i.e. with ‘Rawl-
sian’ social preferences, optimal tax rates under perfect and imperfect capital
markets are equal. The reason is of course that a greater weight on equity
induces a more progressive tax-system, but alleviates credit constraints as
well. At high levels of inequality aversion no one is rationed and investments
in human capital are efficient.

A final remark with regard to the optimum tax rates under credit con-
straints can be made. Inspection of tables 3.2, 3.3, and 3.4 reveals that
optimum tax rates are quite similar - around 30% - when the elasticity of
ability β, the costs of education κ, and the correlation between ability and
endowments ραω are changed. Moreover, even if there is almost no inequality
due ability differences, i.e. when β goes to zero, optimum tax rates are still
around 30%. These findings echo the Diamond and Mirrlees (1971) result
that in an optimal tax-system there should be production efficiency – given
the availability of sufficient instruments. In the current, second-best, setup
instruments are not sufficient to achieve production efficiency. Nevertheless,
it seems that the government corrects for the capital markets imperfection
as much as possible. Apparently, this is the case when optimum taxes are
around 30%.
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3.5 Conclusion

This Chapter augmented the theory of optimal income taxation by endoge-
nizing earnings through investments in human capital. Special attention was
devoted to the presence of credit market imperfections that prevent (poor)
agents to invest optimally. It is shown analytically that the optimal tax
schedule is progressive even if redistributional concerns are absent. The rea-
son is that by means of redistribution of resources both from rich to poor
and from old to young, credit market imperfections are alleviated. By al-
lowing for redistributional motives, the case for a progressive tax-schedule is
strengthened. Notably, both agents with low and high ability gain from redis-
tribution. Low ability agents experience an equity gain. High ability agents
suffer more from imperfections on the credit market than low ability agents
because they learn more. They consequently experience efficiency gains as
their credit constraints are loosened by means of redistribution. These re-
sults are confirmed in numerical calculations of optimal tax rates on human
capital. The most important finding is that optimal taxes on human capital
are significantly increased when credit market imperfections are present.

Appendix

Household optimization

Households maximize their utility function subject to the budget constraints
in both periods and the production function for human capital. The La-
grangian for the problem is given by - suppressing the agent’s indices α and
ω:

L = u(c1, c2) + λ1((1− t)w(1− x) + ω + g − κx− c1 − s)

+ λ2((1− t)wφ(.) + (1 + r)s+ g − c2)− µs,

where λ1, λ2, and µ denote the Lagrange multipliers of the first and the
second period budget constraint, and the non-negativity constraint on savings
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respectively. First-order conditions (FOC’s) are given by:

∂L
∂c1

= uc1 − λ1 = 0,

∂L
∂c2

= uc2 − λ2 = 0,

∂L
∂x

= −λ1((1− t)w + κ) + λ2(1− t)wφ′(.) = 0,

∂L
∂s

= −λ1 − µ+ (1 + r)λ2 ≤ 0, s ≥ 0, s
∂L
∂s

= 0,

∂L
∂λ1

=
∂L
∂λ2

= 0,

∂L
∂µ

≥ 0, µ ≥ 0, µ
∂L
∂µ

= 0,

where we assumed implicitly that c1, c2 ≥ 0. The first two FOC’s state that
marginal utility of consumption in both periods should equal their marginal
value as reflected in shadow prices λ1 and λ2. The third FOC that marginal
costs and benefits of learning must be equalized in an optimal solution. In
the fourth FOC and last FOC, the Kuhn-Tucker conditions are given for an
optimal choice of s, where either savings are 0 if the constraint is binding - the
marginal value of a relaxation of the constraint, as measured by µ, is positive
- or savings are positive if the constraint is non-binding - the marginal value of
a relaxation of the constraint is zero, i.e. µ = 0. The complementary slackness
condition, the last term, captures both these elements for an optimal choice.
The fifth FOC restates that the two budget constraints must hold as strict
equalities for an optimal choice.

We can rearrange the FOC to arrive at the marginal rate of inter-temporal
substitution in consumption:

uc1
uc2

=
λ1

λ2

.

Inversion of this equation yields the Frisch demand equations given in the
text. The demand for inputs invested in education follows from inversion of:

(1− t)wφ′(.)

(1− t)w + κ
=
λ1

λ2

≥ 1 + r.
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Derivation of partial derivatives ∂H
∂G and ∂H

∂t

First, note that ∂H
∂t

= ∂H
∂x

∂x
∂t

and ∂H
∂G

= ∂H
∂x

∂x
∂G

. From the definition for H ≡
w(1− x) + wφ(α;x)/(1 + r) follows:

∂H

∂x
= w

(
φx(α;x)

1 + r
− 1

)
= w

(
λ1/λ2

1 + r

(
1 +

κ

w(1− t)

)
− 1

)
> 0,

where we substituted the first order condition for learning. Since λ1/λ2 ≥
1 + r and κ > 0 the first term in brackets is always larger than 1. Next we
need to determine the signs of ∂x

∂t
and ∂x

∂G
.

Unconstrained consumers

The first-order condition for learning is:

(1− t)wφx(α, x) = (1 + r)((1− t)w + κ).

It is immediately clear that ∂x
∂G

= 0. Linearizing the first-order condition
yields:

x̃ = − ωκ
εφφ

t̃,

where x̃ ≡ dx/x and t̃ ≡ dt/(1− t) denote relative changes in learning time
and the tax rate, εφφ ≡ −xφ′′/φ′ > 0 is the elasticity of marginal productivity

of learning, and ωκ ≡
(

κ
w(1−t)+κ

)
> 0 is the share of direct costs in total costs

of education. From the fact that x̃/t̃ < 0, follows that ∂x/∂t < 0, and, hence,
∂H
∂t
< 0.

Constrained consumers

Here, the derivation is more complicated. The first-order condition for learn-
ing is given by:

(1− t)wφx(α, x) =
uc1
uc2

(w(1− t) + κ).

Combined with the two budget constraints the level of x is determined. Lin-
earizing the first order condition yields:

1

σ
(c̃2 − c̃1) = −εφφx̃− ωκt̃,
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where σ ≡ d ln(c2/c1)
d ln(uc1/uc2 )

is the inter-temporal elasticity of substitution in con-

sumption, and c̃1 ≡ dc1/c1, and c̃2 ≡ dc2/c2 denote the relative changes in
consumption. Linearizing the first period budget constraint gives:

c̃1 = −γ1t̃− γxx̃+ γg1g̃,

where γ1 ≡ (1−t)w(1−x)/c1 is the share of first period labor income in total
income, γx ≡ ((1− t)w + κ)x/c1 is the share of outlays on education in first
period income, γg1 ≡ g/c1 is the share of the lump-sum transfer in first period
income, and g̃ ≡ dg/g. Note that γ1 + γx + γg1 + γω = 1, where γω ≡ ω/c1 is
the share of the transfer in first period consumption. The linearized second
period budget constraint is given by:

c̃2 = γ2(εφx̃− t̃) + γg2g̃,

where εφ ≡ xφ′/φ is the elasticity of the production function for human
capital, γ2 ≡ (1− t)wφ(.)/c2 is the share of second period income in second
period consumption and γg2 ≡ g/c2 denotes the share of the transfer in
second period consumption (γ2 + γg2 = 1). Solving for x̃ gives:

x̃ = −
(

γ1 − γ2 + σωκ
γ2εφ + σεφφ + γx

)
t̃+

(
γg1 − γg2

γ2εφ + σεφφ + γx

)
G̃.

where G̃ = g̃. It is clear that ∂x
∂G

> 0 in this case, since x̃
G̃

∣∣∣
t̃=0

> 0 due to

γg1 − γg2 > 0 because second period consumption is larger than first period
consumption. Therefore, ∂H

∂G
> 0. The sign of ∂x

∂t
is derived as follows. First

note that γ1 − γ2 = γg2 − (1 − γ1). We assume that γ1 − γ2 + σωκ > 0.
There is a positive effect of taxation on learning since the share of second
period income is higher than first period income, γ1 < γ2. The intuition
for this is effect is that the marginal value of second period income is more
affected by taxation, than the marginal value of first-period income. λ1/λ2

decreases, and more time is spend on learning. We assume that the first
effect dominates the second effect, otherwise the problem is ill defined (both
taxation and the transfer exert a positive effect on learning). Consequently,
∂H
∂t
< 0.

Derivation optimal tax formula with heterogeneous agents

The first order conditions for the government are:

∂L
∂G

=

∫ ∞

α

∫ ∞

ω

(
Ψ′∂V

∂G
− η + ηt

∂H

∂G

)
dF = 0,
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∂L
∂t

=

∫ ∞

α

∫ ∞

ω

(
Ψ′∂V

∂t
+ ηH + ηt

∂H

∂t

)
dF = 0.

Use Roy’s lemma to establish that ∂V
∂G

= λ1 and ∂V
∂t

= −λ1(w(1 − x)) −
λ2wφ(α;x). The last expression can be rewritten so as to get:

∂V

∂t
= λ1

wφ(α;x)

1 + r
− λ1H + λ2wφ(α;x)

− λ1H

(
1− wφ(α;x)

H(1 + r)
− λ2

λ1

wφ(α;x)

H

)
= −λ1H

(
1− χ

(
1

1 + r
− λ2

λ1

))
= −λ1H(1− q),

where χ ≡ wφ(α;x)/H is the share of second period income total income,

and q ≡ χ
(

1
1+r

− λ2

λ1

)
> 0 measures the welfare loss due to the capital

market imperfection. Substitution in the first order condition for G yields
the marginal costs of public funds (MCPF ≡ η/

∫∞
α

∫∞
ω

Ψ′λ1dF ):

MCPF =
η∫∞

α

∫∞
ω

Ψ′λ1dF
=

1

1−
∫∞
α

∫∞
ω
t∂H
∂G
dF

> 1.

Substitution of Roy’s lemma in the first-order condition for the optimal tax
rate gives:

− t

1− t

∫ ∞

α

∫ ∞

ω

(1− t)

H

∂H

∂t
HdF

= −
∫ ∞

α

∫ ∞

ω

Ψ′λ1H

η
dF +

∫ ∞

α

∫ ∞

ω

HdF +

∫ ∞

α

∫ ∞

ω

Ψ′λ1Hq

η
dF.

Define the average weighted elasticity of life-time earnings w.r.t. the tax rate
as follows:

ε̄ ≡
−
∫∞
α

∫∞
ω

(1−t)
H

∂H
∂t
HdF∫∞

α

∫∞
ω
HdF

> 0.

90



Chapter 3 Optimal Taxation and Credit Constraints

Further, define the normalized covariance between the marginal social value
of income λ = Ψ′λ1and earnings H:

ξ ≡
∫∞
α

∫∞
ω

Ψ′λ1dF
∫∞
α

∫∞
ω
HdF −

∫∞
α

∫∞
ω

Ψ′λ1HdF∫∞
α

∫∞
ω

Ψ′λ1dF
∫∞
α

∫∞
ω
HdF

=
−cov[Ψ′λ1, H]∫∞

α

∫∞
ω

Ψ′λ1dF
∫∞
α

∫∞
ω
HdF

> 0.

Due to the concavity of utility and social welfare functions, the covariance is
negative so that the distributional characteristic ξ > 0, see Dixit and Sandmo
(1977).

Using these definitions, we can rewrite the expression for t:

− t

1− t
ε̄ = 1−

∫∞
α

∫∞
ω

Ψ′λ1

η
HdF

H̄
+

∫∞
α

∫∞
ω

Ψ′λ1

η
HqdF

H̄

=
λH̄

λH̄
−
∫∞
α

∫∞
ω

Ψ′λ1HdF + (η − λ)
∫∞
α

∫∞
ω

Ψ′λ1

η
HdF

λH̄

+

∫∞
α

∫∞
ω

Ψ′λ1

η
HqdF

H̄

=
λH̄ −

∫∞
α

∫∞
ω

Ψ′λ1HdF

λH̄
+

(MCPF − 1)
∫∞
α

∫∞
ω

Ψ′λ1

η
HdF

H̄

+

∫∞
α

∫∞
ω

Ψ′λ1Hq
η

dF

H̄

=
−cov[Ψ′λ1, H]

λH̄
+

(MCPF − 1)

MCPF
+
( q

MCPF

)
,

where H̄ ≡
∫∞
α

∫∞
ω
HαωdF (α, ω), 1

MCPF
≡
∫∞
α

∫∞
ω

Ψ′λ1

η
HdF/H̄ > 0 is the

income weighted inverse ofMCPF, and
(

q
MCPF

)
≡
∫∞
α

∫∞
ω

Ψ′λ1

η
qHdF/H̄ > 0

is the income weighted marginal social welfare loss associated with the capital
market imperfection. The optimal tax rate satisfies:

t

1− t
=

1

ε̄

(
ξ +

(MCPF − 1)

MCPF
+
( q

MCPF

))
.

Solution Cobb-Douglas case

The solution of the pair of endogenous variables (c1, c2, x, s) for the unre-
stricted agents (s ≥ 0) is (note that g = G since g is set at 0 in the second
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period):

xu =

(
γAαβ

(1 + r)(1 + κ/(1− t)w)

) 1
1−γ

,

su =
1

2
((1− t)w + ω +G)− 1

2γ
(1 + γ)((1− t)w + κ)xu,

cu1 =
1

2
((1− t)w + ω +G) +

1

2γ
(1− γ)((1− t)w + κ)xu,

cu2 =
1

2
(1 + r)((1− t)w + ω +G) +

1

2γ
(1− γ)(1 + r)((1− t)w + κ)xu,

where a superscript u denotes a solution in the unconstrained case. Further,
the solution (c1, c2, x, s) for the constrained agents is:

xc =
γ

1 + γ

(
(1− t)w + ω +G

(1− t)w + κ

)
,

sc = 0,

cc1 =
(1− t)w + ω +G

1 + γ
,

cc2 = (1− t)wAαβ(xc)γ,

where a superscript c denotes a solution in the constrained case.
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Chapter 4

Redistribution and Education
Subsidies are Siamese Twins

4.1 Introduction

Most OECD countries heavily subsidize (higher) education.1 These educa-
tion subsidies are typically justified on the basis of the perceived positive
external effects of human capital accumulation and capital market imperfec-
tions. Positive external effects of higher education, however, are difficult to
establish empirically (see, e.g., Heckman and Klenow, 1997; Acemoglu and
Angrist, 1999; Krueger and Lindahl, 2002). Moreover, capital market imper-
fections do not seem to be very important (see, e.g., Shea, 2000; Cameron
and Taber, 2000).2 Why, then, is education subsidized?

We provide a case for education subsidies on the basis of redistributional
considerations rather than externalities and capital market imperfections.
Although the able benefit more than proportionally from education subsidies,
we show that education subsidies play a crucial role so as to alleviate the
distortions in human capital accumulation that are induced by redistributive

1This Chapter is based on Bovenberg and Jacobs (2001). I gratefully thank Michael
Reiter, Søren Bo Nielsen, Peter Sørensen and participants of the CEPR/EPRU conference
on Dynamic Aspects of Public Expenditures, September 28-30 2001, Copenhagen, Den-
mark for their comments and suggestions. I benefitted also from comments by participants
of seminars held at CPB Netherlands Bureau of Economic Policy Analysis and the Dutch
Central Bank.

2In any case, loans rather than subsidies are the most direct way to address liquidity
constraints.
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policies. Indeed, our calculations show that these arguments go a long way
towards explaining the level of education subsidies in OECD countries.3

This Chapter explores the interaction between public spending and tax
policies by viewing education and tax policies as interdependent instruments
aimed at redistribution.4 The tax literature on the dynamic effects of taxa-
tion on the incentives to accumulate human capital5, in contrast, has typically
abstracted from both public spending and distributional considerations. The
tax literature may therefore have overstated the costs of distortionary taxa-
tion in terms of reduced accumulation of human capital and understated the
benefits of these taxes in terms of distributional benefits.

We investigate how the availability of education subsidies affects the op-
timal income tax system. In this connection, we consider both the optimal
mix of labor and capital taxation and the optimal progression in marginal
tax rates on labor income. We demonstrate that education subsidies make
the optimal labor tax more progressive. Moreover, education subsidies elim-
inate the case for a positive capital income tax as an instrument to stimulate
learning. Education subsidies ensure that neither human capital investments
nor financial investments are distorted, even though the labor tax is progres-
sive. These subsidies thus eliminate tax distortions on the production side of
the economy (see also Diamond and Mirrlees (1971)). Moreover, with sep-
arable preferences, the optimal tax on capital income is zero, even allowing
for distributional concerns.6

3An alternative explanation for education subsidies is offered by Boadway et al. (1996)
and Andersson and Konrad (2000). They argue that education subsidies are called for if
the government cannot commit and engages in excessive redistribution after investments in
human capital have been made. We show that education subsidies are part of an optimal
redistributional policy mix even if the government can commit to announced policies.

4This Chapter extends earlier research by Ulph (1977) and Hare and Ulph (1979). They
study the problem of optimal non-linear taxation and education expenditures. In both
studies, however, the government simply sets the level of education for each agent, so that
agents do not choose their levels of learning. Taxation therefore does not distort learning
decisions. This contrasts with our analysis in which tax distortions on learning provide
the argument for subsidizing education.

5See for the literature, e.g., Boskin (1975), Heckman (1976), Kotlikoff and Summers
(1979), Eaton and Rosen (1980), Driffil and Rosen (1983), Lord (1989), Nerlove et al.
(1993), Pecorino (1993), Trostel (1993), Jones et al. (1993, 1997), Stokey and Rebelo
(1995), Bovenberg and Van Ewijk (1997), Nielsen and Sørensen (1997), Milesi-Feretti and
Roubini (1998), Hendricks (1999), and Judd (1999), amongst others.

6This is a familiar result from infinite horizon models (see, e.g., Chamley (1986), Jones
et al. (1997), and Judd (1999)) and life-cycle models with separable preferences and
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In order to study optimal education subsidies along with optimal progres-
sive labor and flat capital taxes, we formulate a two-period life-cycle model
of human capital accumulation with heterogeneous agents.7 Leisure demand
is elastic in both periods of the life cycle. In the first period, agents supply
unskilled labor and take out education which allows them to supply skilled
labor in the second period. Compared to the less able, the more able agents
supply more skilled and less unskilled labor and thus concentrate their la-
bor supply more in the second phase of their life cycle. In the first period,
they concentrate on acquiring skills rather than supplying unskilled labor.
In the second period, the human capital that has been acquired stimulates
labor supply because human capital is productive only in work and not in
leisure. Indeed, the quantity and quality of second-period labor supply are
interdependent.

Our model is closely related to that of Nielsen and Sørensen (1997), who
explore the role of progressive taxation as an instrument to offset the ex-
cessive learning incentives produced by a positive capital income tax. We
extend their model in several directions. First, we allow for heterogeneous
households. Accordingly, we do not have to exclude uniform lump-sum taxes
as a government instrument to make the optimal tax problem interesting.
Indeed, it is hard to make sense of (dual) income taxation in the absence
of redistributive motives. Moreover, in order to justify progressive taxation
in the presence of endogenous leisure demand, we do not have to resort to
the assumption that unskilled labor supply is more elastic than skilled labor
supply. Instead, the progressive nature of the labor tax system follows imme-
diately from the redistributive motives of the government. More generally,
we extend results on the optimal tax structure of capital and labor income
taxes in dynamic economies (see, e.g. Atkinson and Sandmo (1980), Nielsen
and Sørensen (1997), Jones et al. (1993, 1997), and Judd (1999)) by allowing
for heterogeneous agents and distributional concerns.

Second, in contrast to Nielsen and Sørensen (1997), we allow for non-
deductible pecuniary outlays (e.g. tuition fees). We show that, in the absence
of education subsidies, these non-deductible expenses8 make a dual income

homogeneous agents (see Bernheim (1999)).
7We focus on intra- rather than intergenerational distribution by employing debt policy

to off-set intergenerational inequities.
8Non-deductible expenses explain why flat taxes on labor income harm human capital

accumulation in several growth models (see, e.g., Pecorino (1993), Stokey and Rebelo
(1995), or Milesi-Firetti and Roubini (1998)). In these models, capital goods, which are
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tax (with a progressive labor tax and a positive capital income tax) optimal.
The optimal capital income tax is thus positive – even though preferences are
additively separable. Given this preference structure, Nielsen and Sørensen
(1997) have to rely on the exogenous assumption that the government is
committed to a positive tax on capital income to justify a positive capital
income tax. Accordingly, if education subsidies are restricted, we provide a
stronger underpinning for a dual income tax.

The third extension of Nielsen and Sørensen (1997) is that we allow for
education subsidies. We demonstrate that education subsidies eliminate the
case for a dual income tax with positive capital taxes if preferences are ad-
ditively separable. The case for dual income taxation thus depends heavily
on restrictions on the use of the instrument of education subsidies.

This Chapter is related also to Lommerud (1989), Van Ewijk and Tang
(2000a) and Dur and Teulings (2001). In Lommerud (1989), the government
taxes labor income in order to internalize the negative externalities from sta-
tus seeking but employs education subsidies to restore incentives to undertake
education. In Van Ewijk and Tang (2000a), the government employs progres-
sive taxes to punish wage demands of unions and to raise employment, but
this discourages learning efforts. Education subsidies allow the government
to set progressive labor taxes without distorting human capital accumulation.
Dur and Teulings (2001) analyze the optimal setting of education subsidies
and redistributive income taxes where workers are imperfect substitutes in
production. Education subsidies now not only correct tax distortions arising
from redistribution, but also exert positive distributional effects by reducing
wage differentials between skilled and unskilled workers through an increase
in the relative supply of skilled workers.

We extend these papers in a number of important ways. First, we allow for
a richer tax code with capital income taxes. Indeed, positive capital income
taxes may play a role in encouraging learning, thereby alleviating inadequate
learning on account of redistributive taxes on skill. Second, we incorporate
non-deductible costs of education, which are observed in many OECD coun-
tries. These costs provide an argument for positive capital income taxes if
education subsidies are constrained. The introduction of endogenous leisure
demand is another extension compared to Van Ewijk and Tang (2000a) and
Dur and Teulings (2001). We demonstrate that endogenous first-period la-
bor supply is an important factor in explaining: first, the progressive nature

non-deductible for the labor tax, enter the production function of human capital.
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of optimal labor taxes; second, the value-added of education subsidies over
taxes on unskilled labor as an instrument to alleviate learning distortions
due to redistributive policies; and, third, the optimality of a positive capital
income tax in the absence of education subsidies.

Many countries have reduced taxes on unskilled labor in recent years in
order to encourage unskilled workers to participate in the labor market. This
suggests that policy makers are indeed concerned about the adverse employ-
ment impact of high taxes on low skilled labor. However, lowering taxes on
the unskilled, thereby making the tax system more progressive, harms in-
centives to acquire skills. We show that the government may want to move
the tax burden from the labor market towards the capital market or to intro-
duce education subsidies to offset tax distortions on human capital formation
without heavily burdening the employment prospects of the unskilled.

The rest of this Chapter is structured as follows. Section 2 presents the
model. The optimal tax problem is set up in section 3. Section 4 defines
distributional characteristics of various tax bases and shows that differences
in learning behavior drive heterogeneity in behavior. We study optimal re-
distributive policies in three steps. First, section 5 investigates optimal labor
income taxation if capital income taxes and education subsidies are exoge-
nously given. Subsequently, section 6 turns to optimal dual income taxation
by also allowing the government to optimally set capital income taxation. Fi-
nally, section 7 introduces education subsidies as an additional instrument.
This section investigates how the availability of the instrument of education
subsidies affects optimal tax structures. Section 8 investigates to what extent
our model can explain existing education subsidies in several OECD coun-
tries. Section 9 concludes. The appendix contains several technical proofs.

4.2 Private behavior

We consider a two-period life-cycle model. Before-tax wage rates and interest
rates are exogenously given.9 A mass of agents with unit measure lives for
two periods. In the first period, agents devote their time endowment to
supplying unskilled labor, learning, or enjoying leisure. In the second period,
the agents spend their time on leisure, which can be interpreted as retirement,

9The model can thus be viewed either as a partial equilibrium model of a closed economy
or a model of a small open economy in which the international capital market fixes the
interest rate.
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and supplying skilled labor. Income can be transferred across the two periods
through the accumulation of both financial assets (i.e. financial saving) and
human capital (i.e. learning). Capital markets are perfect, so that agents do
not suffer from liquidity constraints. Agents are heterogeneous with respect
to their ability to learn. The cumulative distribution of the ability to learn α
is denoted by F (α). F has support [α,∞). The government knows only the
distribution of these abilities, but cannot observe the type of each individual.
Accordingly, the government can not levy individual-specific lump-sum taxes,
but has to rely on distortionary taxes to redistribute incomes.

In each period of their lives, agents are endowed with one unit of time.
They start their lives with one efficiency unit of labor. In the first period,
a fraction eα of the time endowment is spent on education and a fraction
h1α on leisure, so that a fraction l1α = 1 − eα − h1α is left for (unskilled)
work. The accumulation of human capital requires not only time, but also
commodities. Unit costs of goods per unit of time spent learning amount
to k.10 Education is subsidized at rate s per unit of time spent on learning.
The before-tax wage rates per efficiency unit of human capital, as well as the
price of consumption, are normalized at unity in both periods.11

Following Nielsen and Sørensen (1997), we model a labor tax schedule
with two brackets. Below an exogenous threshold χ, labor income is subject
to a tax rate t1. Above this threshold, a tax rate t2 applies. In addition, each
agent collects a non-individualized lump-sum transfer, or negative income
tax, g. If t2 > t1 the tax system features increasing marginal tax rates on
labor income. We assume that first-period labor income (i.e. income from
unskilled work) falls only in the first tax bracket. First-period labor income
l1α = 1− eα−h1α < χ is thus taxed at a marginal rate of t1. Goods invested
in education are not deductible from the labor income tax.12 Savings aα are
given by after-tax labor income in the first period, minus consumption and
the goods invested in learning (net of subsidies):

aα = (1− t1)(1− eα − h1α)− c1α − (k − s)eα. (4.1)

10We thus do not allow for substitution between goods and time in the accumulation
of human capital. Introducing substitution would merely complicate the analysis without
generating additional insights.

11Workers earn the same gross wage per unit of human capital, so that workers with
different skills are perfect substitutes on the labor market. See Dur and Teulings (2001)
for optimal education policies and redistribution in a general equilibrium model in which
various skills are imperfect substitutes in demand.

12Tax deductible expenses can be modelled by setting s = t1k.
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In the second period, human capital is supplied to the labor market in the
form of skilled labor. φ(α; eα) is the production function for human capital
and measures the number of efficiency units of human capital resulting from
learning efforts in the first period eα. The production function is given by
the following functional form:

φ(α; eα) ≡ αeβα. (4.2)

This production function features positive but diminishing returns to time
invested in education (i.e. φe > 0 and φee < 0). Furthermore, ability facil-
itates learning (i.e. φα > 0), while high ability agents are relatively more
efficient in the production of human capital (i.e. φeα > 0). In the second
period, a fraction h2α of the time endowment is devoted to leisure, while the
rest (i.e. l2α = 1 − h2α) is spent working. Before-tax labor income (from
skilled work) l2αφ(α; eα) exceeds the tax threshold χ, so that it is subject to
a marginal tax rate of t2, i.e. l2αφ(α; eα) > χ ∀α.13 Income from skilled work
can thus be taxed at a different marginal rate than income from unskilled
work (if t1 6= t2).

Income derived from accumulation of financial assets is (1 + r(1− τ))aα,
where r stands for the exogenous real interest rate and τ denotes the tax
rate on capital income. All income from human and financial sources is
spent on consumption c2. Second-period consumption is untaxed.14 Hence,
the second-period budget constraint amounts to:

c2α = (1− t2)l2αφ(α; eα) +Raα + (t2 − t1)χ+ g, (4.3)

where R ≡ 1 + (1− τ)r.
Households derive utility from consumption and leisure according to the

following quasi-linear utility function:

u(c1α, h1α, c2α, h2α) = (1 + ρ)

(
c
1−1/εc

1α

1− 1/εc
− (1− h1α)

1+1/ε1

1 + 1/ε1

)
(4.4)

+c2α −
(1− h2α)

1+1/ε2

1 + 1/ε2

,

13This assumption puts a lower bound on ability α to avoid bunching induced by the kink
in the private budget constraint if the second-period income tax t2 exceeds the first-period
income tax t1 (i.e. t2 > t1). See below.

14The tax system can be normalized in a different way, but this does not affect the
optimal allocation.
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where ρ represents the pure rate of time-preference and εc, ε1, ε2 > 0 are
parameters. The specific utility function implies that income effects in labor
supply and first-period consumption are absent.15 Furthermore, our addi-
tive structure implies that various cross-substitution effects drop out. This
particular specification of utility does not affect our main results but is used
for ease of exposition. Indeed, the appendix shows that the result that ed-
ucation subsidies eliminate learning distortions (derived in section 7) does
not depend on the specific utility function (4.4), but holds also with a gen-
eral utility function u(c1α, h1α, c2α, h2α) that allows for cross-substitution and
income effects.16

Agents maximize utility by choosing eα, c1α, l1α, c2α, l2α and aα, taking
the instruments of the government as given. Indeed, the government is as-
sumed to set policy before agents determine their behavior.17 The first-order
condition for optimal learning of the private household amounts to:

(1− t2)l2αφe(.) = (1 + r(1− τ))(1− t1 + k − s). (4.5)

The condition states that marginal benefits of an hour’s learning, i.e. the
marginal increments in after-tax second-period income (see the left-hand side
of (4.5)), should be equal to the marginal costs of learning (i.e. the second-
period value of foregone earnings plus out-of-pocket education expenses (net
of subsidies) in the first period, see the right-hand side of (4.5)). The positive
cross derivative φeα implies that high-ability agents choose to learn more than
low-ability households do.

The first-order condition for learning can also be interpreted as an arbi-
trage condition between the returns on investing a unit of time in learning
(i.e. the left-hand side of (4.5)) and the returns on investing a unit of time
in financial capital (by working and investing the rewards – including the

15When studying optimal non-linear income taxation in a static model of labor supply,
Diamond (1998) adopts a similar approach by assuming that income effects are absent in
labor supply.

16In contrast to Heckman (1976), this specification of the utility function implies that
human capital is not productive in leisure time. Human capital is an investment rather
than a consumption good.

17In view of its distributional preferences, the government faces an incentive to renege on
its promises after the private sector has accumulated human and financial capital. We thus
have to assume that the government has access to a commitment technology (e.g. due to
reputational considerations). For the case for education subsidies in case the government
cannot commit, see Boadway et al. (1996) and Ansersson and Konrad (2000).
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saved out-of-pocket expenditures on education (net of subsidies) k − s – in
the capital market, i.e. the right-hand side of (4.5)).

The first-order conditions for consumption and leisure yield the following
solutions for first-period consumption and leisure in both periods:

c1 =

(
1 + ρ

1 + r(1− τ)

)εc

, (4.6)

h1 = 1−
(

(1 + r(1− τ))(1− t1)

1 + ρ

)ε1
, (4.7)

h2α = 1− ((1− t2)φ(.))ε2 . (4.8)

Demand for first-period consumption increases with the capital income tax
τ , as the intertemporal substitution effect of the lower after-tax interest rate
dominates the absent income effect. Similar intertemporal substitution ef-
fects cause a higher capital income tax to boost the demand for first-period
leisure. This demand is also increased by a substitution effect on account of
a higher marginal tax rate on first-period labor income t1. In the absence
of income effects, all agents demand the same amount of consumption and
leisure in the first period, since everybody faces the same net interest rate
and first-period wages. Second-period leisure, in contrast, is lowest for high-
ability agents, who benefit from higher second-period wage rates (1− t2)φ(.)
on account of their higher learning efforts in the first period.

Solving (4.5) and (4.8) for learning eα and second-period labor-supply
l2α = 1− h2α by using the functional form (4.2) for the production function
for human capital, we arrive at closed-form solutions for eα and l2α:

18

eα =

(
α1+ε2β(1− t2)

1+ε2

R(1− t1 + k − s)

)1/(1−β(1+ε2))

, (4.9)

l2α = (1− t2)
ε2
(
αeβα
)ε2

. (4.10)

Second-period labor income l2αφ(.) rises with ability. Indeed, this income

18We assume that the parameters are such that eα < 1− h1 =
(

(1+r(1−τ))(1−t1)
1+ρ

)ε1

.

101



Public Finance and Human Capital

from skilled labor is proportional to learning:19

l2αφ(.) = µeα, (4.11)

where the proportionality factor µ ≡ R(1−t1+k−s)
β(1−t2)

does not depend on skill α.
These solutions imply also that the elasticities of learning and second-period
labor supply with respect to the policy instruments are the same for all
agents. In contrast to second-period labor supply (i.e. skilled labor supply),
first-period labor supply l1α = 1−eα−h1 (i.e. unskilled labor supply) declines
with ability – as all agents demand the same leisure h1 but high ability agents
spend more time on learning eα. Whereas able agents tend to concentrate
labor supply at the end of their lives, less able agents work relatively more
in the beginning of their lives. The proportionality factor between after-
tax labor income (from unskilled labor) in the first period, (1 − t1)l1α, and
learning eα is given by −(1− t1) and thus also independent of skill.

The second-order condition for a maximum requires (see appendix):

β(1 + ε2) < 1, (4.12)

so that learning and second-period labor supply decline with the second-
period tax rate. The second-order condition guarantees an interior solution
for learning by ensuring that the returns to learning decline if more time is
devoted to learning. The positive feedback effects between human capital and
second-period labor supply imply that decreasing returns in the production
function of human capital (i.e. β < 1) are not sufficient for this second-order
condition to be met. In particular, more learning raises second period labor
supply (if ε2 > 0), which in turn makes learning more attractive. This pos-
itive feedback effect, which depends on the wage elasticity of second-period
labor supply ε2, should be offset by sufficiently strong decreasing returns in
the production function of human capital to prevent corner solutions.

The positive feedback effects between learning and labor supply makes
both the learning decision and the labor supply response more elastic. In
particular, the interaction between the quality and quantity of second-period

19This linear relationship follows immediately from (4.5) and the Cobb-Douglas learn-
ing function (4.2) and thus does not depend on the specification of utility (see also the
appendix). (4.11) together with (4.9) implies that the no-bunching constraint l2αφ(.) > χ

can be written as µ
(

α1+ε2β(1−t2)
1+ε2

R(1−t1+k−s)

)1/(1−β(1+ε2))

> χ. This constraint implies a lower
bound on α.
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labor supply raises the absolute value of the after-tax wage elasticity of
second-period labor supply from ε2 in a model without learning (i.e. β = 0) to

ε2
1−β(1+ε2)

.20 Similarly, endogenous second-period labor supply makes learning

more sensitive to the second-period wage rate (the wage elasticity of learning

is − (1+ε2)
1−β(1+ε2)

compared to an elasticity of only −1
1−β in a model with exogenous

labor supply (i.e. in which ε2 = 0)).
Second-period leisure can be interpreted as retirement. The solutions

thus reveal an important interaction between human capital accumulation
and retirement behavior. On the one hand, early retirement discourages the
accumulation of human capital because it reduces the returns on learning.
On the other hand, a lack of schooling encourages early retirement on account
of low labor productivity. Indeed, the quantity and quality of labor supply
are closely related.

4.3 Government

The government collects taxes to finance exogenously given expenditures in
the second period, Λ, the education subsidy s, and the uniform lump-sum
transfer g. The government budget constraint therefore reads as:∫ ∞

α

[t1(1 + r)(1− eα − h1) + t2(1− h2α)φ(α; eα)] dF (α) (4.13)

+

∫ ∞

α

τraαdF (α) =

∫ ∞

α

[(1 + r)seα + (t2 − t1)χ+ g + Λ] dF (α).

Employing the definition of private savings (4.1), we can rewrite the gov-
ernment budget constraint in terms of the bases of the labor taxes:∫∞

α
[t1 (R(1− eα − h1) + χ) + t2 ((1− h2α)φ(α; eα)− χ)] dF (α)(4.14)

+
∫∞
α
τr(1− c1 − (1 + k)eα − h1)dF (α) =

∫∞
α

[Rseα + g + Λ] dF (α).

For each generation, the government’s budget is fully funded. In contrast to
an approach that maximizes steady-state social utility subject to a steady-
state government budget constraint (see e.g. King (1980) and Sandmo (1985)),

20Hence, if in the absence of learning the wage elasticities of labor supply are the same
in both periods (ie. ε ≡ ε1 = ε2), endogenous learning increases the wage elasticity of
labor supply in the second period above the corresponding elasticity in the first period.
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this procedure does not ignore the welfare effects of generations living through
the transition to a new tax system. Our specification of the government
budget constraint implies that the government can not raise the welfare of
steady-state generations by transferring resources away from generations liv-
ing through the transition. We thus not only clearly isolate efficiency im-
pacts from effects on the intergenerational distribution of resources, but also
model grandfathering schemes in actual tax reforms protecting agents that
have not been able to anticipate the change in the tax rules (see also Nielsen
and Sørensen (1997)).21

The government maximizes a social welfare function Γ:

Γ =

∫ ∞

α

Ψ(vα)dF (α), Ψ′ > 0, Ψ′′ ≤ 0, (4.15)

where vα stands for the indirect utility function of an agent with skill α. The
concavity of Ψ reflects the strength of the redistributive preferences of the
government. If Ψ is linear, the government maximizes a utilitarian social
welfare function. Together with the quasi-linear private preferences (4.4),
this implies that the government features no distributional concerns.

4.4 Distributional characteristics

The interpretation of the optimal policy rules is facilitated by defining dis-
tributional characteristics of the various tax (and subsidy) bases. The dis-
tributional characteristic of a tax base is given by the negative normalized
covariance between the welfare weight the government attaches to life-time
income of a particular skill bα (which is non-increasing with the skill level
α) and the marginal contribution of agent α to the tax base yα(see, e.g.,
Atkinson and Stiglitz (1980)):

ξy ≡ −

(∫∞
α
yαbαdF (α)−

∫∞
α
yαdF (α)

∫∞
α
bαdF (α)

)
∫∞
α
yαdF (α)

∫∞
α
bαdF (α)

. (4.16)

A positive distributional characteristic thus implies that the tax base is larger
for high skills (which feature low welfare weights) than for low skills, so that

21Indeed, the government is assumed to have access to enough instruments to insulate
the current generations from the reform. Debt policy suffices for this purpose in our two-
period life cycle model. However, if generations would live for more than two periods, the
government would have to levy age-specific taxes to be able to protect current generations.
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taxing this base generates positive distributional benefits. The magnitude
of a distributional characteristic depends both on the correlation between
skills and the tax base and the strength of the redistributive preferences as
reflected in the negative correlation between skills and the welfare weights.22

Indeed, a distributional characteristic of zero may indicate either that the
government is not interested in redistribution (so that all skills feature the
same welfare weight) or that the marginal contribution to the tax base is the
same for all skills.

The distributional characteristics are closely related because the tax (and
subsidy) bases are all linearly related to learning ea. In particular, first-period
labor income (which is subject to t1) is given by 1− h1 − eα, second-period

labor income (which is subject to t2) by R(1−t1+k−s)
β(1−t2)

eα (see (4.11)), and savings

(which is subject to τ) by (1− t1)(1− h1)− c1 − (1− t1 + k − s)eα. Hence,
in the second period, more able agents enjoy higher labor income than less
able agents do because they earn higher wages and work more hours. In
the first period, in contrast, the least able agents earn the highest labor
incomes, and therefore save most, because they spend less time learning
(and all agents enjoy the same amount of consumption c1and leisure h1).
Using these relationships, we arrive at the following lemma describing the
relationships between the various distributional characteristics. Here, the
subscripts 1, 2, e and a represent first-period labor income (i.e. income from
unskilled labor), second-period labor income (i.e. income from skilled labor),
learning and savings, respectively.

Lemma ξ ≡ ξ2 = ξe = −ξ1
∫∞

α (1−eα−h1)dF (α)∫∞
α eαdF (α)

= − ξa
(1−t1+k−s)

∫∞
α aαdF (α)∫∞
α eαdF (α)

> 0.

Proof: see appendix.

The distributional characteristics of learning and second-period labor in-
come (i.e. ξ2 and ξe respectively) are positive because the richest agents (i.e.
the most able) learn more and earn more second-period labor income. Since
these agents save less and earn less first-period labor income, the correspond-

22The strength of this negative correlation depends not only on the concavity of the
function Ψ, but in general also on inequality in life-time incomes. In particular, the
government attaches a higher priority to redistributing incomes if life-time incomes become
more unequal, since marginal utility of income declines with income. However, in the
current set-up, all distributional motives enter through Ψ since marginal utility is constant
and equal to unity for all agents because of the quasi-linear utility specification.
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ing characteristics for financial savings23 and first-period labor income (i.e.
ξa and ξ1 respectively) are negative.

4.5 Optimal labor income taxation

The Lagrangian for maximization of social welfare is given by:

L =

∫ ∞

α

Ψ(vα)dF (α)

+ η

∫ ∞

α

[t1 (R(1− eα − h1) + χ) + t2 ((1− h2α)φ(α; eα)− χ)] dF (α)

+ η

∫ ∞

α

τr(1− c1 − (1 + k)eα − h1α)dF (α)

− η

∫ ∞

α

[Rseα + g + Λ] dF (α),

where η represents the Lagrange multiplier associated with the government
budget constraint. This section explores the case in which the government
can freely set the parameters of the labor-income tax (i.e. g, t1 and t2) for a
given capital income tax, τ , and a given learning subsidy s.

4.5.1 Optimal lump-sum transfer

The first-order condition for the optimal lump-sum element g amounts to:24∫ ∞

α

bαdF = 1. (4.17)

where bα ≡ Ψ′/η stands for the welfare weight of marginal life-time income of
each of the agents normalized by the marginal value of government revenue.
In deriving (4.17), we used ∂vα/∂g = 1 (i.e. Roy’s identity) and the fact
that income effects are absent in first-period consumption, leisure demands
and learning so that these variables do not depend on the lump-sum transfer

23This assumes that economy-wide saving is positive. If saving is negative, the distribu-
tional characteristic is positive – even though the negative covariance is negative because
the denominator of the normalized covariance is negative.

24The rest of this Chapter drops the index α whenever convenient.
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(i.e. ∂c1/∂g = ∂h1/∂g = ∂h2/∂g = ∂e/∂g = 0, see also (4.6), (4.7), (4.8),
(4.9)). Expression (4.17) shows that in the optimum the benefits of higher
uniform lump-sum transfers (averaged over all agents, see the left-hand side
of (4.17)) should equal the costs in terms of additional government spending
(i.e. the right-hand side of (4.17)).25

4.5.2 Optimal tax on unskilled labor

The first-order condition for the optimal labor tax in the first period (i.e.
the marginal tax rate on unskilled labor), t1, amounts to (using ∂c1

∂t1
= 0 (see

(4.6) and ∂vα/∂t1 = −R(1− eα − h1)− χ (Roy’s identity)):∫ ∞

α

(bα − 1)
(
(1− eα − h1) +

χ

R

)
dF

=
∆

R

∫ ∞

α

∂e

∂t1
dF −

(
t1 +

τr

R

)∫ ∞

α

∂h1

∂t1
dF +

∫ ∞

α

(
t2φ(α; eα)

R

∂l2
∂t1

)
dF,

where (t1 + τr/R) stands for the subsidy wedge on first-period leisure and

∆ ≡ (1−t1+k−s)R
1−t2 − (1 + r)(1 + k) represents the tax wedge on learning (i.e.

the first-order effect of learning eα on the government budget constraint).
Substituting (4.17), we arrive at:

ξe

∫ ∞

α

eαdF −
∆

R

εet1
(1− t1)

∫ ∞

α

eαdF

= −
(
t1 +

τr

R

) ε(1−h1)t1

(1− t1)
(1− h1) +

t2
R

εl2t1
(1− t1)

∫ ∞

α

l2αφ(α; eα)dF,

where we have used the fact that the following elasticities do not depend on
skill: εet1 ≡ ∂e

∂t1

(1−t1)
e

= (1−t1)
(1−β(1+ε2))(1−t1+k−s) (the last equality follows from

(4.9)), ε(1−h1)t1 ≡ ∂h1

∂t1

(1−t1)
(1−h1)

= ε1 (the last equality follows from (4.7)), and

εl2t1 ≡ ∂l2
∂t1

(1−t1)
l2

= βε2(1−t1)
(1−β(1+ε2))(1−t1+k−s) (the last equality follows from (4.8)).

Employing (4.11) to eliminate economy-wide skilled labor income, we arrive
at

ξe +
(
t1 +

τr

R

) E1t1

(1− t1)
=

∆

R

εet1
(1− t1)

+
t2
R

µεl2t1
(1− t1)

, (4.18)

25In the absence of income effects, the marginal costs of public funds, which can be
defined by 1/[

∫
bαdF ], thus equals unity.
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where E1t1 ≡ ε(1−h1)t1
(1−h1)∫∞
α eαdF

= ε1
(1−h1)∫∞
α eαdF

> 0. Intuitively, raising the tax

on unskilled labor, t1, imposes distributional losses (the first term on the
left-hand side of (4.18)) and yields a first-order welfare loss by worsening the
distortions in first-period leisure demand (assuming that (t1 +τr/R) > 0; see
the second term on the left-hand side of (4.18)). At the optimal tax rate, the
distributional and efficiency costs should be equal to the efficiency benefits
of raising the tax rate on unskilled labor. These benefits consist of first-order
welfare gains due to more learning (assuming that ∆ > 0; see the first term
on the right-hand side of (4.18)) and to higher skilled labor supply (assuming
that t2 > 0; see the second term at the right-hand side of (4.18)). Intuitively,
skilled and unskilled labor supply are substitutes. Hence, by acting as a
subsidy on skilled labor, a tax on unskilled labor alleviates distortions in the
market for skilled labor by boosting learning and the supply of skilled labor.

In the absence of other taxes (i.e. t2 = τ = 0) and with tax deductible
education expenses (i.e. s = t1k), unskilled labor is subsidized:

t1
1− t1

=
−ξ

[E1t1 + 1
1−β(1+ε2)

]
. (4.19)

The reason for this subsidy on unskilled labor is that it helps to alleviate
the inequities in lifetime incomes. The subsidy rises with the distributional
characteristic ξ and falls with the elasticities in labor supply E1t1 and learning

1
1−β(1+ε2)

.

4.5.3 Optimal tax on skilled labor

The first-order condition for the second-period labor tax rate (i.e. the mar-
ginal tax rate on skilled labor), t2, is given by (using ∂c1

∂t2
= ∂h1

∂t2
= 0 (see (4.6)

and (4.7), respectively) and Roy’s identity ∂vα/∂t2 = −l2αφ(α; eα) + χ)):

∫ ∞

α

(−bα + 1) (l2αφ(α; eα)− χ) dF + ∆

∫ ∞

α

∂e

∂t2
dF

= −
∫ ∞

α

(
t2φ(α; eα)

∂l2
∂t2

)
dF.
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Substituting (4.17), we arrive at:

ξ2

∫ ∞

α

l2αφ(α; eα)dF −∆
εet2

(1− t2)

∫ ∞

α

eαdF

= t2
εl2t2

(1− t2)

∫ ∞

α

l2αφ(α; eα)dF.

where we have used the fact that εet2 ≡ − ∂e
∂t2

(1−t2)
e

= 1+ε2
1−β(1+ε2)

(the last equal-

ity follows from (4.9)) and εl2t2 ≡ − ∂l2
∂t2

(1−t2)
l2

= ε2
1−β(1+ε2)

(the last equality

follows from (4.9) and (4.10)) do not depend on skill α. Employing (4.11) to
eliminate economy-wide learning

∫∞
α
eαdF , we find:

ξ2 =
∆

µ

εet2
(1− t2)

+ t2
εl2t2

(1− t2)
. (4.20)

The distributional benefits of a higher tax rate (i.e. the left-hand side of
(4.20)) should correspond to the additional first-order welfare losses as a
result of the high tax rate (i.e. the right-hand side of (4.20)). These welfare
losses are the sum of the impact on the learning distortion ∆ (∆ > 0 if
additional learning yields a first-order gain in welfare) and the distortion in
second-period labor supply t2. In case other tax and subsidies are absent (i.e.
t1 = τ = s = 0, so that ∆

µ
= βt2), we can employ (4.20) to solve for t2 (by

using the definitions of the elasticities εet2 ≡ 1+ε2
1−β(1+ε2)

and εl2t2 ≡ ε2
1−β(1+ε2)

):

t2
1− t2

=
ξ

ε̄
, (4.21)

where ε̄ ≡ ε2+β(1+ε2)
1−β(1+ε2)

denotes the combined elasticity of learning and skilled
labor supply with respect to the reward of supplying skilled labor. In accor-
dance with the standard Ramsey intuition, the optimal tax rate on skilled
labor declines with this combined elasticity ε̄ and rises with the effective-
ness of the tax on skilled labor in alleviating life-time income inequality (as
captured by the distributional characteristic ξ).

4.5.4 Optimal labor tax schedule

Substitution of (4.18) into (4.20) to eliminate the distributional characteris-
tics ξ2 = ξe (and using

µεl2t1

R(1−t1)
=

εl2t2

(1−t2)
and

εet2

µ(1−t2)
=

εet1

(1−t1)R
β(1 + ε2)) yields:(

t1 + τr
R

1− t1

)
E1t1 =

∆

R(1− t1 + k − s)
. (4.22)
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Substituting this back in (4.20) to eliminate the learning wedge ∆, we arrive
at:

ξ2 =
β(1 + ε2)

1− β(1 + ε2)

(
t1 +

τr

R

)
E1t1 + t2

εl2t2
(1− t2)

. (4.23)

Together with (4.22), (4.23) determines the optimal tax structure. In the
specific case that education expenses are tax deductible (i.e. s = t1k), we
can solve for t1, t2, and the learning wedge ∆/(R(1 − t1)(1 + k)) (see the
appendix):

t2
1− t2

=
ξ

ε∗
, (4.24)

t1 + τr
R

1− t1
=

t2
1− t2

1

(1 + E∗
1t1

)
=

ξ

(1 + E∗
1t1

)ε∗
, (4.25)

∆

R(1− t1)(1 + k)
=

E∗
1t1
ξ

(1 + E∗
1t1

)ε∗
, (4.26)

where ε∗ ≡ ε2+β(1+ε2)E1t1/(1+E1t1 )

1−β(1+ε2)
and E∗

1t1
= E1t1/(1 + k).

In interpreting the optimal labor tax structure, we first turn to the case
in which first-period leisure demand is fixed (i.e. E∗

1t1
= 0) and the capital

income tax is absent (i.e. τ = 0).26 In this case, a flat tax is optimal (i.e.
t1 = t2). Such a flat tax acts like a pure cash-flow tax on human capital
investment. The inframarginal returns on skill are taxed without distorting
the incentives to accumulate human capital. Indeed, in the presence of such
a pure profit tax on skill, learning is not distorted (i.e. ∆ = 0). As a
direct consequence, ceteris paribus the distributional characteristic ξ, the
tax rate on skilled labor can be higher than in the absence of an instrument
to offset learning distortions (compare (4.21) and (4.24) and note that ε̄ >
ε∗ ≡ ε2

1−β(1+ε2)
if learning is endogenous (i.e. β > 0)).

Unskilled labor is taxed (i.e. t1 > 0) even though it is subsidized in
the absence of other taxes (compare (4.19) and (4.25)) Indeed, unskilled
labor is taxed although this hurts equity. The reason is that the tax rate
on skilled labor t2 is a more efficient instrument to even out the lifetime
income distribution, while the tax rate on unskilled labor is most efficient
at alleviating the learning distortions induced by the redistributive tax on
skilled labor. In line with the targeting principle, therefore, the skilled tax

26The interpretation of the optimal labor tax schedule is equivalent when education
expenses are not deductible, even though there is not a closed form solution.
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is aimed at correcting the income distribution, while the unskilled tax deals
with offsetting the learning distortion.

The presence of a positive capital income tax (i.e. τ > 0) affects neither
the optimal tax on skilled labor t2 nor the result of a zero learning distortion

∆
R(1−t1)(1+k)

. However, it reduces the optimal tax on unskilled labor t1 below

the tax rate on skilled labor, so that marginal taxes rise with income (i.e.
t2 > t1). Intuitively, the capital income tax favors human capital investment
over other types of saving. A progressive labor income tax27 that taxes
skilled labor relatively heavily offsets this distortion in favor of learning. In
the context of a model with homogeneous households, Nielsen and Sørensen
(1997) employ this argument to argue in favor of a dual income tax in which
labor income is taxed at progressive marginal rates if the government is
committed to taxing capital income at positive rates. We show that this
argument holds also in a setting with heterogenous households (implying
vertical equity considerations) and relatively elastic skilled labor supply.

Our results both strengthen and weaken the results of Nielsen and Sørensen
(1997). We weaken their results by showing that progressive taxation is called
for only if households are heterogeneous and the government features redistri-
butional preferences (so that the distributional characteristic ξ is positive).28

With homogeneous households, the government does not have to employ the
distortionary labor income tax to change the income distribution, but can
rely only on the non-distortionary lump-sum tax (i.e. the instrument g) to
finance all its expenditures.

Nielsen and Sørensen (1997) can establish their main result that labor
taxation should be progressive only of unskilled labor supply is more elastic
than skilled labor supply (in terms of the parameters of our model this implies
that ε1 is large compared to ε2). We strengthen their result by demonstrating
that the result holds true even if the elasticity of unskilled labor supply ε1

is small compared to the elasticity of skilled labor supply ε2. In the context

27A progressive tax is often defined as a tax under which average tax rates rise with
taxable income. We, in contrast, use the term to mean that marginal tax rates increase
with taxable income.

28Also non deductable education expenses (i.e. k > 0, s = 0) weaken the case for
progressive taxation as an instrument to offset the excessive learning incentives on account
of the capital income tax. The reason is that these non-deductable expenses already
help to reduce the incentives to accumulate human capital. Education subsidies (s >
t1k), in contrast, encourage agents to train themselves, thereby strengthening the case for
progressive labor taxation.
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of the model developed by Nielsen and Sørensen (1997), inelastic unskilled
labor supply would provide an argument for levying a relatively heavy tax
on unskilled labor (i.e. first-period labor supply). In our model, in contrast,
the tax rate on unskilled labor does not exceed the tax rate on skilled labor
if unskilled labor supply is relatively less elastic because not only efficiency
but also distributional considerations determine optimal tax policy. In par-
ticular, whereas a high tax on unskilled labor imposes less distortions on
labor supply, it also widens inequities in life-time incomes. Our model thus
provides stronger arguments for progressive taxation.

Education subsidies (i.e. s > 0) have similar effects as the capital income
tax on the optimal progression of the labor income tax. In particular, with
exogenous first-period leisure demand, learning is not distorted and the opti-
mal tax system is progressive (i.e. t1 = t2−s if τ = k = 0, see (4.22) and use

the definition of ∆ ≡ (1−t1+k−s)R
1−t2 −(1+r)(1+k) with τ = k = 0) as the educa-

tion subsidy takes over the role of the tax on unskilled labor in offsetting the
learning distortion imposed by the tax on skilled labor. If education expenses
k are not tax deductible, the optimal labor income tax may be regressive.
Indeed, in the absence of a capital income tax, the tax rate on skilled labor
is given by t1 = (1 + k) t2 − s if first-period leisure demand is exogenous

(see (4.22) and use the definition of ∆ ≡ (1−t1+k−s)R
1−t2 − (1 + r)(1 + k) with

τ = s = 0). Accordingly, the optimal labor tax is regressive if education sub-
sidies are small, non-deductible expenses are important, and distributional
considerations are important (so that the optimal tax on skilled labor is
large). Intuitively, if the labor tax does not allow deductibility of education
expenses, the tax on unskilled labor becomes a less effective instrument to
boost learning. Hence, the tax on unskilled labor needs to be raised more to
offset the learning distortions on account of the redistributive tax on skilled
labor.

Even in the absence of capital income taxes and education subsidies, the
labor income tax is progressive if first-period leisure demand is endogenous
(E1t1 , E

∗
1t1

> 0). Elastic first-period leisure demand models the concerns
of many policymakers that taxes on unskilled labor harm the incentives of
unskilled workers to seek employment. These concerns strengthen the case
for progressive labor taxes. The reason is that with endogenous first-period
leisure demand a tax on unskilled labor induces agents to spend more time
not only learning but also enjoying leisure. In this way, the tax not only
corrects for inadequate incentives to accumulate human capital, but also in-

112



Chapter 4 Redistribution and Education Subsidies

duces excessive leisure demand so that the tax implies both favorable and
unfavorable substitution effects. As a direct consequence, the government
no longer has access to a non-distortionary instrument to offset the learning
distortion implied by the tax on skilled labor. It thus has to trade off dis-
tortions in learning against distortions in first-period leisure demand. This
implies that human capital accumulation is distorted in the optimum (see
(4.26) with E∗

1t1
> 0). Moreover, ceteris paribus the distributional charac-

teristic ξ, the government optimally sets a smaller tax rate on skilled labor
t2 than with exogenous leisure demand because it no longer can costlessly
offset the learning distortions implied by this tax (see (4.24) and note that ε∗

rises with E∗
1t1

). Indeed, (4.24) implies that the optimal tax on skilled labor
declines with the learning elasticity β and the elasticities of leisure demands
in both periods (i.e. ε1 and ε2).

Proposition 1 (Optimal labor income taxation) The optimal labor tax is
progressive ( t2 > t1) if first-period leisure demand is elastic ( ε1 > 0),
the capital income tax is positive ( τ > 0), or education subsidies are
positive ( s > 0). The tax system is flat ( t1 = t2) if first-period leisure
demand is inelastic ( ε1 = 0), the capital income tax is zero ( τ = 0),
and if direct costs are deductible ( s = t1k). The optimal labor tax
structure eliminates tax distortions in learning (∆ = 0) only if first-
period leisure demand is exogenous ( ε1 = 0) or redistributional motives
are absent ( ξ = 0).

4.6 Optimal dual income taxation

Until now we have assumed that the capital income tax τ was exogenously
fixed. This section allows the government to freely employ this tax to opti-
mize social welfare. This allows us to investigate the optimal mix between
capital income taxation and a labor income schedule with two brackets.
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4.6.1 Optimal capital income tax

The first-order condition for the optimal tax on capital income τ is given by
(using Roy’s identity ∂vα/∂τ = raα = r[(1−t1)(1−h1)−c1−(1−t1+k−s)eα]):∫ ∞

α

(bα − 1) aαdF −∆

∫ ∞

α

∂e

r∂τ
dF

= −τr
∫ ∞

α

∂c1
r∂τ

dF − (t1R + τr)

∫ ∞

α

∂h1

r∂τ
dF +

∫ ∞

α

t2φ(α; eα)
∂l2
r∂τ

dF.

Substituting (4.1) to eliminate aα and (4.11) to eliminate l2αφ(α; eα) while
using (4.17), we arrive at:

ξe(1− t1 + k − s)

∫ ∞

α

eαdF +
τr

R
εc1τc1 (4.27)

= −
(
t1 +

τr

R

)
ε(1−h1)τ (1− h1) +

∆

R
εeτ

∫ ∞

α

eαdF +
t2
R
µεl2τ

∫ ∞

α

eαdF,

since the following elasticities are independent of skill: εeτ ≡ ∂e
r∂τ

R
e

= 1
1−β(1+ε2)

(the second equality follows from (4.9)), εc1τ ≡ ∂c1
r∂τ

R
c1

= εc (the second

equality follows from (4.6), ε(1−h1)τ ≡ ∂h1

r∂τ
R

(1−h1)
= ε1, and εl2τ ≡ ∂l2

r∂τ
R
l2

=
βε2

1−β(1+ε2)
. Expression (4.27) shows that, at the optimum capital income tax,

the marginal costs of raising the tax should equal the benefits of doing so.
The three terms at the left-hand side of the expression stand for the costs:
distributional losses (as the lifetime poor save more because they learn less
and thus concentrate more of their work effort in the beginning of their lives)
and the worsening of distortions in the intertemporal allocation of consump-
tion (assuming that τ > 0) and first-period leisure demand (assuming that
(t1 + τr/R) > 0). The two terms on the right-hand side of (4.27) represent
the benefits of raising the capital income tax, namely first-order welfare gains
due to more learning (assuming that ∆ > 0) and higher skilled labor supply
(assuming that t2 > 0).

In the absence of other taxes and subsidies (i.e. t1 = t2 = s = 0 so that
∆ = −(1 + k)τr), capital income is subsidized:

τr

R
=

−ξ[
εc

c1
(1+k)

∫∞
α eαdF

+ ε1
1−h1

(1+k)
∫∞

α eαdF
+ 1

1−β(1+ε2)

] . (4.28)
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This subsidy helps to alleviate the inequities in lifetime incomes. Indeed,
the subsidy rises with the distributional characteristic ξ. The three terms
in the denominator of (4.28) correspond to the three decision margins that
are distorted by the capital income tax: first-period leisure and consumption
demands and learning.

4.6.2 Optimal taxes on capital and unskilled labor

If the government can freely set τ and t1, we can substitute (4.18) into (4.27)
to eliminate the distributional characteristic ξ to arrive at (by using E1t1 =
ε(1−h1)τ (1−h1)∫∞

α eαdF
, εeτ

(1−t1+k−s) =
εet1

(1−t1)
,and

εl2τ

(1−t1+k−s) =
εl2t1

(1−t1)
):

(k − s)

(
t1 + τr

R

1− t1

)
ε1(1− h1) =

τr

R
εc1τc1. (4.29)

If non-deductible expenses and education subsidies are absent (i.e. k = s =
0), first-period leisure demand is inelastic (i.e. ε1 = 0) and taxes on skilled
labor are not available to pursue distributional objectives (i.e. t2 = 0),
unskilled labor is subsidized (see (4.19)) while capital remains untaxed. If not
all education expenses are deductible to determine the base of the unskilled
labor subsidy (i.e. k > 0 while s = 0), the capital subsidy becomes a
more efficient instrument to redistribute in favor of the poor as the higher
educational expenses of the able no longer narrow the base of the labor
subsidy. This distributional benefit of the capital income subsidy has to be
weighted against the additional distortion of the capital income subsidy on
the intertemporal allocation of consumption.

4.6.3 Optimal dual income tax

If the government can freely determine all parameters of a dual income tax
(i.e. g, t1, t2, and τ), we can combine (4.22) and (4.29). The optimal tax on
capital income is zero if first-period leisure demand is exogenous (see (4.29)
with ε1 = 0) or all education expenses are deductible from the labor-income
tax in the first period.29 With exogenous first-period leisure demand, the
optimal labor tax is flat (i.e. t1 = t2). Hence, the learning decision is not

29With deductable expenses, (4.24), (4.25), and (4.26) determine the optimal tax struc-
ture with τ = 0 (see the appendix).
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distorted, so that there is no role for capital income taxation in offsetting
this distortion. With endogenous first-period leisure demand, the optimal
labor tax is progressive, thereby discouraging agents to accumulate human
capital. If all education expenses are deductible, however, the capital income
tax still plays no role in offsetting the learning distortion. The reason is that
the first-period tax rate on labor is a more efficient instrument to stimulate
learning. Compared to the capital income tax, the tax on unskilled labor
imposes the same distortions on first-period leisure demand but, in contrast
to the capital income tax, it does not distort the intertemporal allocation of
consumption.30

The optimal capital income tax is positive if not all education expenses
are deductible from the labor income tax (i.e. k > 0, s = 0) and first-
period leisure demand is endogenous (see (4.29) with k − s > 0 and ε1 > 0).
Intuitively, if the labor tax does not allow education expenses to be deducted,
the first-period labor tax becomes a less effective instrument to stimulate
learning. As a direct consequence, the tax on unskilled labor would have
to be raised substantially to offset the learning distortion due to the tax
on skilled labor t2 > 0. Such a large first-period labor tax would impose
serious distortions in the first-period labor market by encouraging agents to
substitute leisure for working time. To contain these distortions in the labor
market, the government relies on the capital income tax to offset the learning
distortions on account of the redistributive tax on skilled labor. In contrast
to the tax on unskilled labor, however, the capital income tax distorts the
intertemporal allocation of consumption. Hence, the optimal mix of taxes
on unskilled labor and capital income balance distortions in the labor and
capital markets.

We thus find conditions for a dual income tax with a positive capital in-
come tax and a progressive labor tax to be optimal as a redistributive tax
system.31 The tax on capital income plays an important role in the optimal

30The result that the optimal capital income tax is zero if all education expenses are
tax deductible depends on the specific utility function (4.4) in which leisure demands are
weakly separable from consumption. If leisure demands would not be separable from the
intertemporal allocation of consumption, the government would like to employ the capital
income tax to reduce distortions in the labor market.

31The optimal capital income tax eliminates learning distortions if first-period con-
sumption demand is inelastic (i.e. εc = 0). A subsidy on unskilled labor then offsets the
distortions on first-period labor supply: t1 = −τr/R. If εc, ε1 > 0, the learning distortion
is positive in equilibrium (if s = 0).
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tax system and the labor tax becomes more progressive if the capital income
tax is a relatively efficient instrument to boost learning (because it does not
distort the intertemporal allocation of consumption much, i.e. εc is small)
while the tax on unskilled labor is relatively inefficient (because it encour-
ages the unskilled to substantially raise leisure demand, i.e. ε1 is large, and
it does not allow substantial education expenses to be deducted). The tax
on capital also becomes a more important tax instrument if distributional
considerations become more prominent. This may seem counterintuitive be-
cause the capital income tax is actually a regressive tax since the low skilled
save more than the high skilled do. The reason why this regressive tax is
nevertheless used more intensively if the government wants to redistribute
more is that the tax on skilled labor is a more efficient instrument for redis-
tribution than the capital income tax, which is targeted solely at offsetting
the learning distortions from the redistributive tax on skilled labor. Indeed,
a positive capital income tax allows for a more progressive labor tax system.
Education subsidies reduce the potential role of capital taxes in offsetting
learning decisions, but also make the labor tax system more progressive.

Proposition 2 (Optimal dual income taxation) The optimal tax on capi-
tal income is zero ( τ = 0) if first-period leisure demand is exogenous
( ε1 = 0) or all education expenses are deductible from the labor-income
tax in the first period ( s = t1k). If not all education expenses are de-
ductible from the labor income tax ( s < t1k) and first-period leisure
demand is endogenous ( ε1 > 0), the optimal tax on capital income is
positive ( τ > 0). The capital income tax becomes larger and the labor
tax schedule becomes more progressive if the intertemporal substitution
effects in consumption are small ( εc small), unskilled labor supply is
elastic ( ε1 large), and education subsidies are low ( s small).

4.7 Education subsidies

This section allows the government to employ the instrument of education
subsidies to optimize social welfare. This allows us to investigate the impact
of this additional policy instrument on the optimal tax structure.
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4.7.1 Optimal education subsidies

The first-order condition for education subsidies s amounts to (using ∂c1
∂s

=
∂h1

∂s
= 0 (see (4.6) and (4.7), respectively) and Roy’s identity ∂vα/∂s = Reα):∫ ∞

α

(bα − 1) eαdF +
∆

R

∫ ∞

α

∂e

∂s
dF +

∫ ∞

α

(
t2φ(α; eα)

R

∂l2
∂s

)
dF = 0.

Employing (4.17) and using (4.11) to eliminate economy-wide labor income
in the second period, we find:

ξe =
∆

R

εes
(1− s)

+
t2
R

µεl2s
(1− s)

, (4.30)

where we have used εes ≡ ∂e
∂s

(1−s)
e

= (1−s)
(1−β(1+ε2))(1−t1+k−s) (the last equality fol-

lows from (4.9)) and εl2s ≡ ∂l2
∂s

(1−s)
l2

= βε2(1−s)
(1−β(1+ε2))(1−t1+k−s) (the last equality

follows from (4.8)), which do not depend on skill. The distributional costs
of higher educational benefits (i.e. the left-hand side of (4.30)) should cor-
respond to the additional first-order welfare benefits of the higher subsidies
(i.e. the right-hand side of (4.30)). These welfare benefits consist of the
impact on the learning distortion ∆ (assuming ∆ > 0) and the distortion
in second-period labor supply t2 (assuming t2 > 0). In case taxes are absent
(i.e. t1 = t2 = τ = 0 so that ∆/R = −s), we can employ (4.30) to solve for
s (by using the definitions of the elasticities εes):

s

1 + k − s
= −ξ(1− β(1 + ε2)). (4.31)

Without any other instruments to tax skill, taxes on education (i.e. s < 0)
are used to reduce inequities in lifetime incomes.

4.7.2 Optimal tax on unskilled labor

If the government can freely set not only the education subsidies but also the
tax on unskilled labor t1, we can substitute (4.30) into (4.18) to eliminate the
distributional characteristic ξe to find that (using εes

(1−s) =
εet1

(1−t1)
and

εl2s

(1−s) =
εl2t1

(1−t1)
) the distortion in first-period leisure demand is zero (i.e. t1+τr/R = 0).

An optimal subsidy on unskilled labor:

t1 = −τr
R
,
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thus corrects for the impact of a positive capital income tax on the con-
sumption of first-period leisure. Without an education subsidy, the tax on
unskilled labor could not be aimed solely at offsetting the distortions on first-
period labor supply since this tax must be used also to offset the learning
distortions implied by the redistributive tax on skill. An optimal education
subsidy takes care of the second task so that the first-period tax can be
targeted at removing distortions in the labor market in the first period.

4.7.3 Optimal taxes on unskilled labor and capital

If the government can also set the capital income tax optimally, expression
(4.29) implies that both the capital income tax and the tax on unskilled labor
are absent, i.e.:

τ = t1 = 0.

Intuitively, a tax on education is a more efficient instrument to tax skill
than subsidies on capital income or unskilled labor are because a tax on
education does not distort first-period leisure demand. In this case, the
optimal education subsidy is given from (4.30) (with τ = t1 = 0):

s

1 + k − s
=

t2
1− t2

(1 + ε2)− ξ(1− β(1 + ε2)).

Despite their adverse distributional consequences, education subsidies may
be used to offset the adverse impact of second-period taxes (i.e. t2 > 0) on
learning and on skilled labor supply. Indeed, ceteris paribus the distributional
characteristic ξ, education subsidies rise with the elasticities of learning β and
second-period leisure demand ε2 (assuming that t2 > 0).

4.7.4 Optimal tax on skilled labor

If the government can simultaneously tax skilled labor supply and provide
education subsidies, we find (from substituting (4.30) into (4.20) to eliminate
the distribution characteristic ξe = ξ2 and using that

µεl2s

R(1−s) =
εl2t2

(1−t2)
and

εes

R(1−s) >
εet2

µ(1−t2)
) that education subsidies are set so that the learning wedge

∆ is zero. Taxes on skill are aimed at reducing inequities, while the education
subsidies eliminate distortions in learning. Irrespective of the income taxes
in the first period t1 and τ, the optimal tax on skill is given by:

t2
1− t2

=
ξ

εl2t2
=
ξ(1− β(1 + ε2))

ε2

. (4.32)
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Comparing (4.32) with (4.21), we observe that the additional instrument of
the education subsidy (ceteris paribus the distributional characteristic ξ) al-
lows for a higher tax on skilled labor. Intuitively, education subsidies offset
the learning distortions implied by the tax on skill, so that the tax on skilled
labor distorts only second-period labor supply. In this way, the combination
of the tax on skilled labor and the education subsidy allows the government to
tax the inframarginal rents (i.e. pure profits) from learning without distort-
ing the marginal incentives to learn.32 This improves the trade-off between
equity and efficiency considerations. Indeed, in equilibrium, the presence of
optimal education subsidies allows the government to be more successful in
combatting inequities, which reduces the distributional characteristic ξ.

In order to ensure that learning is not distorted (i.e. ∆ = 0), the optimal
education subsidy amounts to:

s = (1 + k)

(
1− (1− t2)(1 + r)

(1 + r(1− τ))

)
− t1, (4.33)

where t2 is given from (4.32), while the other taxes τ and t1 are exogenously
given.33 In order to interpret this expression, we consider several special
cases in turn.

The first case assumes that the capital income tax is zero (τ = 0), while
direct costs of education are absent (k = 0). In that case, the optimal edu-
cation subsidy corrects for learning distortions on account of the progression
in the labor income tax (i.e. s = t2 − t1). If the tax system is flat (i.e.
t ≡ t2 = t1) and the capital income tax is zero (τ = 0), the optimal subsidy
offsets the impact of non-deductible education expenses on the incentive to
learn (i.e. s = tk). This implies that these expenses have effectively become
deductible against the labor income tax. A third special case is when educa-
tion expenses are absent (k = 0) while the tax system is flat (i.e. t ≡ t2 = t1).
In that case, a positive capital income tax implies that, in addition to finan-
cial saving, also human capital accumulation must be taxed on a net basis
(i.e. s = − rτ(1−t)

1+r(1−τ)) < 0) in order to prevent a distortion in the portfolio
choice between human and financial capital.

32Note that endogenous learning (i.e. β > 0) still reduces the optimal tax on skilled
labor by raising the elasticity of second-period labor supply ε2/(1− β(1 + ε2)).

33This expression continues to hold if τ and t1 are set optimally in the presence of
general preferences (see the appendix).
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4.7.5 Optimal dual income tax

If the government can optimally set all tax instruments and education sub-
sidies, the tax in skill t2 is given (4.32), while unskilled labor and capital
income remain untaxed. Hence, a special dual tax system emerges: labor in-
come is taxed at a rate t2 with a large tax-free allowance χ, whereas capital
income is tax free. The labor tax thus resembles an earned income tax credit
(EITC), where labor income of unskilled labor goes largely untaxed.

The instrument of education subsidies thus has important effects on the
optimal dual income tax. In particular, it makes the labor tax more pro-
gressive by raising t2 and reducing t1. The elasticity of first-period leisure
demand determines the contributions of a higher t2 and a lower t1 to the more
progressive labor tax. Elastic first-period labor demand tends to raise the
positive response of the tax on skilled labor to the availability of education
subsidies (compare (4.32) with (4.24)). Intuitively, education subsidies are
more efficient than taxes on unskilled labor in ensuring that inframarginal
rents on learning are taxed because they do not distort the demand of leisure
by unskilled workers. The tax on unskilled labor is thus reduced, thereby
making the tax system more progressive. A more sensitive leisure margin
in the first period reduces the drop in the unskilled tax rate in response to
the availability of education subsidies because it makes the unskilled tax rate
an unattractive instrument to correct the learning margin even if education
subsidies are absent.

With seperable preferences, the presence of education subsidies elimi-
nates the case for a positive capital income tax as an instrument to stimulate
learning in the presence of non-deductible education expenses and endoge-
nous first-period leisure. The reason is that education subsidies are a more
efficient instrument to deal with the learning distortion than capital income
taxes, which distort also first-period consumption of leisure and commodi-
ties. In the presence of additively separable preferences, we thus no longer
have a case for a positive capital income tax. The education subsidies ensure
that neither human capital investment nor financial investment are distorted,
even though the labor tax is progressive.34

In the absence of first-period income and capital taxes, the optimal edu-

34The optimal zero capital income, however, tax depends crucially on the assumed
additive preference structure and the availability of government debt as an instrument to
correct the intergenerational distribution of resources (see Bernheim (1999)).
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cation subsidy is given by:

s = (1 + k)t2 =
(1 + k)ξ(1− β(1 + ε2))

ε2 + ξ(1− β(1 + ε2))
. (4.34)

This expression reveals that education subsidies become more important if
distributional concerns become more prominent, as indicated by a larger dis-
tributional characteristic ξ. Clearly, education subsidies and redistribution
are Siamese twins since the government employs education subsidies to offset
the adverse impact of taxes on the incentives to accumulate human capital.
Indeed, education subsidies are zero if redistributional considerations are ab-
sent (i.e. ξ = 0).

Proposition 3 (Optimal education subsidies) Optimal education subsidies
ensure that investment in human capital is efficient in a world where
distortionary taxes are used to generate revenues and to redistribute
incomes. The optimal subsidy increases with distributional concerns
( ξ large) and non-deductible direct costs of education ( k large). It
decreases with the elasticity of skilled labor supply ε2 and learning β.
If preferences are separable, optimal education subsidies allow capital
income and unskilled labor income to go untaxed (i.e. τ = t1 = 0) while
skilled labor income is taxed ( t2 > 0).

4.8 Are education subsidies optimally set?

This section explores whether the current levels of education subsidies in
several OECD countries are efficient. To compute optimal education sub-
sidies, we employ (4.33) and use observed values of the tax parameters t1,
t2, and τ. We then compare these optimal subsidies with the actually ob-
served education subsidies in several OECD countries. We confine ourselves
to subsidies to higher education because compulsory schooling laws ensure
that progressive taxes do not reduce participation in basic education.

Table A1 in the Appendix contains the required data.35 Since the data
sources do not fully cover all OECD countries, we limit our calculations

35Our measures for wages and subsides apply to 1997 and 1995 while the tax figures
apply to 1997 and 2000. Since education policies and tax schedules are rather stable over
time, this should not cause serious problems.
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to eight countries: Canada, Denmark, Finland, Germany, Italy, the Nether-
lands and the United States. We employ the marginal rate in the tax bracket
containing foregone earnings (minus general exemptions) and including local
taxes as a measure for t1. Similarly, the marginal tax rate in the tax bracket
containing the income of a college educated worker (minus exemptions) and
including local taxes is used as a measure for t2. As a proxy for foregone earn-
ings, we take the average yearly gross wage of a male worker with less than
15 years of education. The wage of an educated worker is the average yearly
gross wage of a male worker with more than 15 years of education. With this
definition, 20% of the overall sample consists of higher educated workers.36

Internationally comparable data on earnings are taken from the International
Adult Literacy Survey by OECD/Statistics Canada (1995). Data from the
International Bureau for Fiscal Documentation (IFBD, 1997; IFBD, 2000)
provide the required information on statutory income tax structures.

As regards the effective tax rate on capital income, countries tax various
sources of capital income in a non-uniform fashion. In order to capture the
potential influence of capital income taxes on learning decisions, we employ
the average effective rate on capital income as reported in OECD (2000b).
In addition, we present calculations in which capital taxes are set at zero.
The term (1+r)

(1+r(1−τ)) in (4.33) from our two-period model is derived from the
effective yearly interest rate δ by assuming that students are enrolled for five
years in education between ages ao = 18 and a′ = 23 and then enter the
labor market until the age of a∗ = 65. Hence, the first-order condition for
optimal learning reads as follows:

(1− t2)l2φe(.)

∫ a∗

a′
exp[−δ(1− τ)v]dv

= (1− t1 + k − s)

∫ a′

ao

exp[−δ(1− τ)v]dv,

where the left-hand side corresponds to the marginal return from the hu-
man capital investment (assumed to be constant over time). The right-hand
side measures the discounted value of the learning costs. Straightforward

36We thus assume that income differences between skilled and unskilled workers are
attributable to education. Table A1 in the Appendix reveals that the returns on education
implied by our assumption are close to micro-econometric estimates correcting for ability
bias (see e.g. Ashenfelter et al. (2000)).
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manipulation yields the following:

1 + r

1 + r(1− τ)
=

(
exp[δ(a′ − ao)]− 1

1− exp[δ(a′ − a∗)]

)(
1− exp[δ(1− τ)(a′ − a∗)]

exp[δ(1− τ)(a′ − ao)]− 1

)
.

Our calculations assume an effective interest rate of 2% per annum (i.e.
δ = .02).

If the first-period wage rate (measuring foregone earnings) are w1 rather
than unity (as assumed in the theoretical model), the optimal subsidy formula
reads as:37

s∗

w1

=

(
1 +

k

w1

)(
1− (1− t2)

(1 + r)

1 + r(1− τ)

)
− t1.

We measure the subsidy s∗

w1
as total public expenditure per student per year

divided by gross foregone earnings. Direct costs k
w1

are total (i.e. public and
private) direct expenditures on education divided by gross foregone earn-
ings. Actual subsidies and expenditures on higher education are provided
by OECD (2000a). The wage data are denominated in the various curren-
cies. Therefore, we used the OECD PPP-deflator to transform the education
expenditures and subsidies back to original currencies.

Table 4.1 contains the actual and optimal education subsidies as a per-
centage of foregone earnings. Actual subsidies are relatively low in Denmark
because foregone earnings are high due to a compressed wage distribution.
The reverse holds true for the United States and Canada, where low-skilled
wages are relatively low. Even if we employ the positive average effective
rates on capital income as reported in OECD (2000b), optimal education
subsidies are positive and range from 6-27%. Hence, a significant part of ac-
tual education subsidies can be justified on pure efficiency grounds. Without
any positive capital income taxes38, optimal education subsidies are consid-
erably larger. In fact, for most countries, the optimal subsidies are close to
the actually observed subsidies. In view of the problematic measurement of

37This expression, which contains only policy variables without any preference param-
eters, requires only that s and t2 are set optimally. Indeed, the appendix shows that this
expression holds for a general utility function with arbitrary (i.e. not necessarily optimal)
values for the other policy parameters t1 and τ.

38Gordon and Slemrod (1988) argue that this is in fact the relevant case. In their
view, observed tax revenues from capital income taxes are in fact taxes on rents. With
preferences that are intertemporally separable, zero capital income taxes would actually
be optimal in our model.
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Table 4.1: Actual and optimal subsidies (% of foregone earnings)

actual optimal optimal (τ = 0)
Canada 50 25 42
Denmark 25 25 32
Finland 37 10 16
Germany 39 13 23
Italy 29 6 18
Netherlands 40 27 35
Sweden 75 7 24
United States 43 23 40

capital income tax, the two alternative calculations of optimal subsidies serve
as lower and upper bounds for the optimal subsidies.

4.9 Conclusion

This Chapter has studied the optimal setting of a progressive labor tax, a
flat capital income tax and education subsidies. We showed that education
subsidies are a powerful instrument to eliminate distortions in the accumu-
lation of human capital associated with redistributive policies favoring the
unskilled. Education subsidies and redistribution of incomes are thus like
Siamese twins – even though the ones who benefit from the subsidies enjoy
relatively high lifetime incomes. The more the government desires to help
the unable, the more it should employ education subsidies to offset the learn-
ing distortions associated with redistribution. We showed that a substantial
part of existing education subsidies in some important OECD countries can
be justified on these grounds.

In the absence of education subsidies, we demonstrated that the capital
income tax component of a dual income tax may be positive, even if pref-
erences are separable. With these preferences, however, a positive capital
income tax requires the presence of non-deductible education expenses. We
showed also that the labor income tax component of a dual income tax is
progressive, even if skilled labor supply is relatively elastic compared to un-
skilled labor supply. The introduction of education subsidies reduces the case
for a positive capital income tax, but increases the optimal progression of the
labor income tax.
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In future research we would like to introduce non-tax distortions, such as
positive externalities from human capital accumulation, liquidity constraints,
wage rigidities, and other labor-market distortions (such as union power and
efficiency wages). Since these non-tax distortions can be viewed as implicit
tax wedges, the results in this Chapter provide already some insights. In
particular, positive externalities from human capital accumulation can be
viewed as an implicit tax on learning, liquidity constraints as an implicit
subsidy on capital income, and downward wage rigidities and union power
as an implicit tax on labor. Furthermore, following van Ewijk and Tang
(2000a), we may introduce non-verifiable training efforts so that education
subsidies are no longer a costless instrument to alleviate learning distortions.
The results in this Chapter in which education subsidies are exogenously
given rather than optimally set provide already some insights in this case. In
particular, if training efforts are completely non-verifiable, the cases without
any education subsidies become relevant.

Appendix

Second-order conditions

Substituting (4.1) and (4.3) into (4.4), we find the following unconstrained
optimization problem - suppressing the indices α:

max
e,h1,l2,c1

u = (1 + ρ)

(
c
1−1/εc

1

1− 1/εc
− (1− h1)

1+1/ε1

1 + 1/ε1

)
+ (1− t2)l2φ(.)

+R [(1− t1)(1− e− h1)− c1 − (k − s)e]

+(t2 − t1)χ+ g − l2
1+1/ε2

1 + 1/ε2

.

The first-order conditions are given by:

∂u

∂e
= (1− t2)l2φe(.)−R(1− t1 + k − s) = 0,

∂u

∂h1

= (1 + ρ)(1− h1)
1

ε1 −R(1− t1) = 0,

∂u

∂l2
= (1− t2)φ(.)− l

1
ε2
2 = 0,
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∂u

∂c1
= (1 + ρ)c

− 1
εc

1 −R = 0.

Manipulation of these first-order conditions (and using (4.2)) yields (4.5),
(4.6), (4.7), and (4.8).

The second-order partial derivatives of the optimization are ordered in
the Hessian matrix:

H ≡


(1− t2)l2φee 0 (1− t2)φe 0

0 − (1+ρ)
ε1

(1− h1)
1

ε1
−1

0 0

(1− t2)φe 0 − 1
ε2
l

1
ε2
−1

2 0

0 0 0 − (1+ρ)
εc

c
− 1

εc
−1

1

 .

The four leading principal minors of H are respectively:

(1− t2)l2φee < 0,

−(1− t2)l2φee
(1 + ρ)

ε1

(1− h1)
1

ε1
−1
> 0,

(1− t2)l2φee
(1 + ρ)

ε1

(1− h1)
1

ε1
−1 1

ε2

l
1

ε2
−1

2 +
(1 + ρ)

ε1

(1− h1)
1

ε1
−1

((1− t2)φe)
2 ,

−(1− t2)l2φee
(1 + ρ)

ε1

(1− h1)
1

ε1
−1 1

ε2

l
1

ε2
−1

2

(1 + ρ)

εc
c
− 1

εc
−1

1 > 0.

In order to guarantee a maximum, the Hessian matrix should be negative def-
inite. Hence, the third leading principal minor must be negative. Therefore,
we have:

−(1− t2)l2φee
1

ε2

l
1/ε2−1
2 − ((1− t2)φe)

2 > 0 ⇔ − 1

ε2

φeeφ(.)− (φe)
2 > 0,

where we substituted l2 = ((1− t2)φ)ε2 (see (4.8)). Using the Cobb-Douglas
specification (4.2) of the production function of human capital, we rewrite
the last inequality as (4.12) in the main text.

�
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Proof lemma

To prove this lemma, we write the bases of the tax on unskilled labor, capital
income, and skilled labor in terms of learning (i.e. in the form of (4.9)) as
follows:

l1α = 1− h1 − eα,

aα = (1− t1)(1− h1)− c1 + (1− t1 + k − s)eα,

φ(.)l2α = µeα,

where the last two expressions follow from (4.1) and (4.11). Hence, the three
tax bases (for the taxes on on unskilled labor, capital income, and skilled
labor) are related to learning eα in a linear fashion:

yα = γ + πea,

where yα stands for the tax base and γ and π do not depend on type α.
Substituting this linear relationship in (4.16), we find:

ξy ≡ −

(∫∞
α
yαbαdF −

∫∞
α
yαdF

∫∞
α
bαdF

)
∫∞
α
yαdF

∫∞
α
bαdF

= −π

(∫∞
α
eαbαdF −

∫∞
α
eαdF

∫∞
α
bαdF

)
∫∞
α
yαdF

∫∞
α
bαdF

= πξe

∫∞
α
eαdF∫∞

α
yαdF

.

Note that if γ = 0, we have
∫∞
α
yαdF = π

∫∞
α
eαdF so that ξy = ξe. The

lemma follows from substituting the specific linear relationships for each of
the three tax bases.

�

Generalizing the utility function

We show that the result of a zero learning wedge is robust to a general
specification of the utility function that allows for income effects and cross
substitution between consumption and leisure.
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Private behavior

Utility is general, and given by function u(c1α, h1α, c2α, h2α) with standard
properties. The private household maximizes utility with respect to the
intertemporal private budget constraint:

c2α +Rc1α + (1− t2)h2αφ(α; eα) +R(1− t1)h1α

= (1− t2)φ(α; eα) +R(1− t1) + (t2 − t1)χ+ g −R(1− t1 + k − s)eα.

This budget constraint implies that the normal (Marshallian) demand func-
tions for c1, c2, h1, and h2 are functions of the relative prices R, R(1 − t1),
(1− t2)φ(α; eα) and an income term (t2− t1)χ+ g−R(1− t1 + k− s)eα. The
compensated (Hicksian) demand functions depend only on the three relative
prices. The compensated demand function for y be can thus be written as:

yα = ȳα(R,w1, w2),

where yα = c∗1α, h
∗
1α, h

∗
2α, w1 ≡ (1− t1), w2 ≡ (1− t2)φ(α; eα). We employ as-

terisks to denote compensated demands. The compensated demand function
implies that s affects y through the impact of learning e∗α on w2:

∂y

∂s
=

∂ȳ

∂w2

(1− t2)φe
∂e∗

∂s
,

and that t2 impacts y through two channels, namely not only directly but
also indirectly through its impact on learning e:

∂y

∂t2
=

∂ȳ

∂w2

[
−φ(.) + (1− t2)φe

∂e∗

∂t2

]
.

We now show that the relationship between ∂y
∂s

and ∂y
∂t2

is independent of

α if the learning function is given by the Cobb Douglas form φ(α; eα) = αeβα.
Combining the two equations above, we arrive at:

∂y
∂s
∂y
∂t2

=
∂e∗

∂s

∂e∗

∂t2
− φ(.)

(1−t2)φe

. (A1)

We find expressions for ∂e∗

∂s
and ∂e∗

∂t2
from the private first-order condition

for learning:
(1− t2)l

∗
2φe(.) = R(1− t1 + k − s), (A2)
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where l∗2α = 1−h∗2α(R,w1, w2) = 1−h∗2α(R,w1, (1− t2)φ(α; eα)). By differen-
tiating this private first-order condition with respect to s and t2 respectively,
we find:

∂e∗

∂s
=

R

(1− t2)2φ2
e
∂h∗2
∂w2

− (1− t2)l∗2αφee
> 0, (A3)

and,

∂e∗

∂t2
=

−l∗2αφe + (1− t2)φ(.)φe
∂h∗2
∂w2

(1− t2)2φ2
e
∂h∗2
∂w2

− (1− t2)l∗2αφee
< 0. (A4)

Second-order conditions require that the numerator in these equations be
positive while the compensated demand derivative

∂h∗2
∂w2

is negative.

We subsequently substitute (A3) and (A4) into (A1) to eliminate ∂e∗

∂s
and

∂e∗

∂t2
:

∂y
∂s
∂y
∂t2

=
R

l∗2αφe

[
φeeφ(.)
φ2

e
− 1
] =

1− t2
(1− t1 + k − s)

1[
φeeφ(.)
φ2

e
− 1
] ,

where the second equality follows from the first-order condition for learning
(A2) by eliminating l∗2φe(.). In case of a Cobb-Douglas learning function, the

term between square brackets
[
φeeφ(.)
φ2

e
− 1
]

amounts to −1/β so that:

∂y
∂s
∂y
∂t2

= − β(1− t2)

(1− t1 + k − s)
. (A5)

Optimal lump-sum transfer

The first-order condition for maximizing social welfare with respect the lump-
sum transfer is given by:∫ ∞

α

(
Ψ′λα
η

− 1

)
dF + ∆

∫ ∞

α

∂e

∂g
dF − (t1R + τr)

∫ ∞

α

∂h1

∂g
dF

+

∫ ∞

α

t2φ(.)
∂l2
∂g
dF − τr

∫ ∞

α

∂c1
∂g

= 0,

where λα is the private marginal utility of income. By defining bα as:

bα ≡
Ψ′λα
η

+ ∆
∂e

∂g
− (t1R + τr)

∂h1

∂g
+ t2φ(.)

∂l2
∂g

− τr
∂c1
∂g

,
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we can write this first-order condition as:∫ ∞

α

bαdF = 1. (A6)

Optimal tax on skilled labor

The first-order condition for the second-period labor tax rate (i.e. the marginal
tax rate on skilled labor), t2, is given by (using Roy’s identity ∂vα/∂t2 =
−λα(l2αφ(.)− χ)):∫ ∞

α

(
1− Ψ′λα

η

)
(l2αφ(.)− χ) dF + ∆

∫ ∞

α

∂e

∂t2
− (t1R + τr)

∫ ∞

α

∂h1

∂t2
dF

+

∫ ∞

α

(
t2φ(.)

∂l2
∂t2

)
dF − τr

∫ ∞

α

∂c1
∂t2

dF = 0,

where ∆ ≡ (1−t1+k−s)R
1−t2 − (1 + r)(1 + k) represents the tax wedge on learning

(i.e. the first-order effect of learning e on the government budget constraint).
Substituting the definition of bα to eliminate Ψ′λα

η
,we arrive at:∫ ∞

α

(1− b) (l2αφ(.)− χ)dF (A7)

+∆

∫ ∞

α

∂e

∂t2
dF + ∆

∫ ∞

α

(l2αφ(.)− χ)
∂e

∂g
dF

−(t1R + τr)

∫ ∞

α

∂h1

∂t2
dF − (t1R + τr)

∫ ∞

α

(l2αφ(.)− χ)
∂h1

∂g
dF

+

∫ ∞

α

(
t2φ(.)

∂l2
∂t2

)
dF +

∫ ∞

α

(
t2φ(.)(l2φ(.)− χ)

∂l2
∂g

)
dF

−τr
∫ ∞

α

∂c1
∂t2

dF − τr

∫ ∞

α

(l2αφ(.)− χ)
∂c1
∂g

dF = 0.

We substitute the Slutsky equations:

∂e

∂t2
≡ ∂e∗

∂t2
− (l2αφ(.)− χ)

∂e

∂g
,

∂h1

∂t2
≡ ∂h∗1
∂t2

− (l2αφ(.)− χ)
∂h1

∂g
,
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∂l2
∂t2

≡ ∂l∗2
∂t2

− (l2αφ(.)− χ)
∂l2
∂g
,

∂c1
∂t2

≡ ∂c∗1
∂t2

− (l2αφ(.)− χ)
∂c1
∂g

.

into (A7) to arrive at:∫ ∞

α

(1− bα) l2αφ(.)dF + ∆

∫ ∞

α

∂e∗

∂t2
dF − (t1R + τr)

∫ ∞

α

∂h∗1
∂t2

dF (A8)

+

∫ ∞

α

(
t2φ(.)

∂l∗2
∂t2

)
dF − τr

∫ ∞

α

∂c∗1
∂t2

dF = 0,

where we have employed (A6) to get rid of the term containing χ.

Optimal education subsidy

The first-order condition for education subsidies s amounts to (using Roy’s
identity ∂vα/∂s = λαeαR):

R

∫ ∞

α

(
Ψ′λα
η

− 1

)
eαdF + ∆

∫ ∞

α

∂e

∂s
dF − (t1R + τr)

∫ ∞

α

∂h1

∂s
dF

+

∫ ∞

α

(
t2φ(.)

∂l2
∂s

)
dF − τr

∫ ∞

α

∂c1
∂t2

dF = 0.

We substitute the definition of bα to eliminate Ψ′λα

η
and substitute the Slutsky

equations:
∂e

∂s
≡ ∂e∗

∂s
+ eαR

∂e

∂g
,

∂h1

∂s
≡ ∂h∗1

∂s
+ eαR

∂h1

∂g
,

∂l2
∂s

≡ ∂l∗2
∂s

+ eαR
∂l2
∂g
,

∂c1
∂s

≡ ∂c∗1
∂s

+ eαR
∂c1
∂g

.

We find:∫ ∞

α

(bα − 1) eαdF +
∆

R

∫ ∞

α

∂e∗

∂s
dF −

(
t1 +

τr

R

)∫ ∞

α

∂h∗1
∂s

dF (A9)

+

∫ ∞

α

(
t2φ(.)

R

∂l∗2
∂s

)
dF − τr

R

∫ ∞

α

∂c∗1
∂s

= 0.
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Production efficiency

The first-order condition for learning implies:

(1− t2)l2αφeeα = (1− t2)l2αφ(.)

(
φeeα
φ(.)

)
= R(1− t1 + p− s)eα.

With a Cobb-Douglas learning function, we have φeeα/φ(.) = β so that:

l2αφ(.) =
R(1− t1 + p− s)

β(1− t2)
eα ≡ µeα.

This proportional relationship between l2αφ(.) and eα (which does not depend
on α) implies that:∫∞

α
(−bα + 1) l2αφ(α; eα)dF

R
∫∞
α

(bα − 1) eαdF
= −(1− t1 + k − s)

β(1− t2)
. (A10)

Substituting (A5) and (A10) into (A9), and combining the result with
(A8) to solve for ∆, we arrive at:

∆

[∫ ∞

α

∂e∗

∂t2
+

(1− t1 + k − s)

β(1− t2)

∂e∗

∂s
dF

]
= 0.

By combining (A1) and (A5) to eliminate ∂y
∂s
/ ∂y
∂t2

, we find that the term

between square brackets can be written as
∫∞
α

φ(.)
(1−t2)φe

dF > 0. Thus, the

learning wedge ∆ has to equal zero. A zero learning wedge ∆ ≡ (1−t1+k−s)R
1−t2 −

(1 + r)(1 + k) = 0 implies that expression (4.33) continues to hold.

�

Solution labor tax schedule with tax deductible expenses

We derive the closed for solutions (4.24), (4.25), and (4.26) for the specific
case that education expenses are tax deductible (i.e. s = t1k) in the follow-
ing way. If education expenses are tax deductible, one needs to take into
account of the fact that the government simultaneously changes s if t1 is af-
fected according to ds = kdt1. To find the optimal level of t1 (and s = t1k),
we combine the first-order condition for the optimal tax on unskilled labor
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(if education expenses are not tax-deductible) (4.18) and the first-order con-
dition for optimal education subsidies (4.30) to arrive at:

ξe +
(
t1 +

τr

R

) E∗
1t1

(1− t1)
=

∆

R

εet1
(1− t1)

+
t2
R

µεl2t1
(1− t1)

, (A11)

where we have used εes

(1−s) =
εet1

(1−t1)
and

εl2s

(1−s) =
εl2t1

(1−t1)
and where E∗

1t1
≡

E1t1/(1 + k).
Substitution of (A11) into (4.20) to eliminate the distributional charac-

teristics ξ2 = ξe (and using
µεl2t1

R(1−t1)
=

εl2t2

(1−t2)
and

εet2

µ(1−t2)
=

εet1

(1−t1)R
β(1 + ε2))

yields: (
t1 + τr

R

1− t1

)
E∗

1t1
=

∆

R(1− t1 + k − s)
. (A12)

Using ∆ ≡ (1−t1+k−s)R
1−t2 − (1 + r)(1 + k), we can write the second right-hand

side of this equation as (if s = t1k):

∆

R(1− t1)(1 + k)
=

1

1− t2
− 1 + (τr/R)

1− t1
. (A13)

By substituting this expression into (A12) to eliminate ∆, we find:(
1 + τr

R

1− t1
− 1

)
E∗

1t1
=

1

1− t2
−

1 + τr
R

1− t1
.

Solving this expression for
1+ τr

R

1−t1 , we arrive at:

1 + τr
R

1− t1
=

1
1−t2 + E∗

1t1

1 + E∗
1t1

.

Substitution of this result in (A13) to eliminate
1+ τr

R

1−t1 yields:

∆

R(1− t1)(1 + k)
=

t2
1− t2

[
E∗

1t1

1 + E∗
1t1

]
. (A14)

Using this expression to eliminate ∆
µ(1−t2)

= ∆
R(1−t1)(1+k)

β (if s = kt1) from

(4.20), we arrive at (4.24) (by using the definitions of the elasticities εet2 ≡
1+ε2

1−β(1+ε2)
and εl2t2 ≡ ε2

1−β(1+ε2)
). Substituting (4.24) into (A14), we establish

(4.26). (4.25) is found by using (A12), (A14), and (4.24).

�
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Optimal capital income tax with tax deductible expenses

If costs are deductible we have s = t1k. Substituting (A11) into (4.27), (using

E∗
1t1

=
ε(1−h1)τ (1−h1)

(1+k)
∫∞

α eαdF
, εeτ

(1+k)
= εet1 , and

εl2τ

(1+k)
= εl2t1), we find:

τr

R

εc1τc1∫∞
α
edF

= 0.

so that τ = 0.

�
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Table 4.2: Data
Taxes (%)

Country τ a t2
b t1

c

Canada 38.6 45d 36d

Denmark 29.1 61e 46e

Finland 19.6 44f 44f

Germany 19.9 32g 29g

Italy 31.0 34 27
Netherlands 24.7 50 38

Sweden 30.5 31h 31h

United States 31.1 34.5d 21.5d

Education expenditures

Exp. in US $i Proportion public (%)j US PPP $k

Canada 14809 82 1.1692
Denmark 7294 95 8.33

Finland 7145 100l 5.9
Germany 9466 79 2.003
Italy 5972 96 1594.82
Netherlands 9989 92 2.0515
Sweden 12981 98 9.6172
United States 17466 75 1

Gross wages
Low skilledm High skilledn ‘Return’o

Canada 23453 36588 .11
Denmark 223242 291126 .06
Finland 112808 137918 .04
Germany 30220p 44740p .10
Italy (*1000) 29891 41188 .08
Netherlands 43805 57319 .06
Sweden 160089 205887 .06
United States 22688 41579 .17

Sources: OECD/Statistics Canada (1995), OECD (2000a, 2000b), IFBD (1997, 2000). Notes:
a Average nation-wide tax on capital income in 1997. Source OECD (2000b).
b Marginal personal income tax rate on skilled labor income net of general exemptions excluding surcharges, including
local taxes. Source IFBD (1997).
c Marginal personal income tax rate on unskilled labor income net of general exemptions excluding surcharges, including
local taxes. Source IFBD (1997).
d For Canada and the US, figures apply to 2000 and are taken from IFBD (2000) since IBFD (1997) does not report
figures for the US and Canada. We included unweighed averages of state taxes (Canada: 19%; US: 6.5%).
e Including average municipality tax (29%).
f Including municipality tax (17%).
g Based on single households without dependents.
h Including municipality tax (31%).
i Source OECD (2000a). Figures apply to 1997.
j Source OECD (2000a). Figures apply to 1997.
k PPP deflator by OECD is used to transform education expenditures in local currency.
l No figures for the share of education expenditures were available in OECD (2000a). We therefore employed the value of
public education expenditures from OECD (1996).
m Average yearly gross wages of male workers with less than 15 years of education. Source OECD/Statistics Canada
(1995).
n Average yearly gross wages of male workers with more than 15 years of education. Source OECD/Statistics Canada
(1995).
o Approximation of the average return to higher education measured as the percentage increase in wages (assuming that
education takes 5 years).
p For Germany wages are reported only in after-tax terms (unskilled DM 24950; skilled DM 35180). We computed gross
wages by linearly approximating the tax schedule taking into account the general income exemption for single households.
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Chapter 5

Optimal Financing of
Education with Capital and
Insurance Market
Imperfections

5.1 Introduction

Higher education is heavily subsidized by the government in most countries
of the Western world.1 Apart from paternalistic motives and the presumed
presence of externalities of education2 the main argument in favor of these
subsidies is that capital and insurance markets are imperfect so that under-
investment in human capital results.

Under-investment occurs if banks ration credit to investors. An increase
in the interest rate, in order to meet excess demand for credit, causes large
shifts in the overall riskiness of borrowers due to adverse selection effects
(low risk borrowers drop out of the credit market) or moral hazard effects
(investors undertake riskier investments). Some investments in socially prof-
itable projects are not undertaken due to credit rationing effects, see e.g.

1This Chapter is based on Jacobs and Van Wijnbergen (2002). Comments by Lans
Bovenberg, Casper van Ewijk, and seminar participants of the CEPR Economics of Edu-
cation Conference, May 11-12 2001, Bergen, Norway are gratefully acknowledged.

2Positive externalities of education are hard to detect empirically, see for example
Heckman and Klenow (1997), Acemoglu and Angrist (1999), Krueger and Lindahl (2002),
amongst others.
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Stiglitz and Weiss (1981), Mankiw (1986), and Hellman and Stiglitz (2000).3

Under-investment also results if risk averse investors cannot insure the
income risks associated with investments in human capital. Investors require
a risk premium on their investments if returns are indeed uncertain, cf. the
standard portfolio model. If risks are idiosyncratic, however, private par-
ties would offer standard insurance contracts that would take away income
uncertainty. Clearly, insurance contracts cannot be executed by private par-
ties because contracts cannot be made contingent upon the returns of the
investment for legal reasons (non-slavery).4 Since income risks cannot be
pooled, under-investment results. Therefore, some form of income insurance
is optimal, see also Eaton and Rosen (1980), Varian (1980), and Sinn (1995).
Asymmetric information also plays a role here. Individual earnings capaci-
ties and abilities are generally well known before income insurance contracts
can be written so that adverse selection occurs and the ‘good risks’ separate
themselves from the ‘bad risks’ and the market for insurance contracts may
break down, cf. Rothshield and Stiglitz (1976).

An important implication of capital and insurance market imperfections
is that investments in human capital are dependent on initial conditions.
Poorer individuals cannot afford the optimal levels of education since they
suffer more from the imperfect functioning of capital markets because they
have to borrow more. If relative risk aversion declines with income, poor
graduates also require a larger risk premium on their investments in human
capital.

Under-investment in human capital due to capital market failures can
potentially have adverse effects as some recent studies suggest.5 Capital and

3De Meza and Webb (1987) on the contrary argue that asymmetric information causes
over-investment. This is because banks cannot observe the expected returns of the invest-
ments, rather than the risks of the investments.

4If one believes that these type of contracts can be traded in private markets, they are
likely to be subject to large transaction costs due to monitoring and enforcing problems
that private parties face with respect to earned incomes of graduates.

5The verdict is not out whether capital market failures are of significant empirical im-
portance. Many would argue that capital markets are highly imperfect based on the sig-
nificant and positive association between socioeconomic status and enrollment in (higher)
education. On the other hand, this positive relation may be due to unobserved characteris-
tics such as parental education and abilities. After instrumenting for this, Shea (2000) finds
weak evidence for the unimportance of credit constraints. Cameron and Taber (2000) also
argue that credit constraints are unimportant empirically. Plug and Vijverberg (2001), on
the other hand, find strong evidence for the importance of capital market failures while
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insurance market imperfections reduce the intergenerational mobility of hu-
man capital if parents do not invest optimally in education of their children
(Becker and Tomes, 1979, 1986; Loury, 1981). Output or economic growth
is lowered as the stock of human capital is below its potential level (Galor
and Zeira, 1993; Perotti, 1993). And the segregation of communities is en-
hanced, because the poorest people cannot escape poor communities. Local
externalities and feedback effects add to the persistence of income inequality
and (Bénabou 1996a, 1996b; Durlauf, 1996; Fernàndez and Rogerson, 1998).

Many countries give substantial subsidies (below cost tuition rates and
grants) to students in order to resolve problems with the absence of insurance
and well-functioning capital markets. The unfortunate by-product of subsi-
dies on education is that they imply reverse redistribution. The incidence
of the costs is born mostly by the average tax-payer, whereas the benefits
accrue to the most talented part of the nation. Additionally, the larger part
of graduates belong to the most wealthy families. In this Chapter we ques-
tion whether education subsidies really tackle the problems associated with
failing capital and insurance markets.

Economists have often advocated some more equitable forms of education
finance of loans with insurance elements such as income contingent loans or
graduate taxes. The idea is that both capital and insurance market failures
are directly addressed, see Nerlove (1972, 1975), Barr (1991, 1993), Chapman
(1997), Oosterbeek (1998), and Garc̀ıa-Peñalosa and Wälde (2000). Fried-
man (1962) and Van Wijnbergen (1998) argue that government should allow
graduates to issue equity to finance their investments in human capital.6

Except for Garc̀ıa-Peñalosa and Wälde (2000), none of these studies has
yet applied formal analysis to the problem of optimal financing of education
and to the proposed solutions. Although Garc̀ıa-Peñalosa and Wälde (2000)
analyze the optimal design of education financing, they do not pay attention
to the underlying micro-economic causes of market failures, i.e. asymmetric

correcting for unobserved characteristics.
6Friedman actually made explicit reference to equity: [...] The device to meet the cor-

responding problem for other risky investments is equity investment plus limited liability
on the part of shareholders. The counterpart for education would be to “buy” a share in
an individual’s earning prospects; to advance him the funds needed to finance his training
on condition that he agree to pay the lender a specified fraction of his future earnings. In
this way, a lender would get back more than his initial investment from relatively success-
ful individuals, which would compensate for the failure to recoup his original investment
from the unsuccessful. Friedman (1962, p.103).
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information in credit and insurance markets. There are clear similarities
between financing investments in human capital and, for example, financing
firms. Blaug has remarked on this lack of theoretical foundations: “The
application of standard welfare economics to education is never given its
proper due” (1989, p.334).

The purpose of this Chapter is to show that an equity participation model
is indeed the optimal way of financing education. Our analysis builds on
the credit rationing literature as pioneered by Stiglitz and Weiss (1981).
Credit markets fail due to asymmetric information when investments are
debt financed and under-investment in human capital results. Furthermore,
risk aversion reduces investment in human capital below the optimal level.
We contribute in various ways to the existing literature.

First, we contribute to the literature on credit rationing by allowing for
risk averse investors. Stiglitz and Weiss (1981), Mankiw (1986) and De Meza
and Webb (1987), and others have generally analyzed risk neutral investors.
However, risk aversion of investors is a real life issue and we show that the
introduction of risk aversion has non-trivial consequences. Credit rationing
is much less likely to occur, and may even disappear when investors are suffi-
ciently risk averse. The intuition is that high-risk investors also require large
risk-premia on their investments, therefore the risk of the marginal investor
decreases when risk aversion is more important. When banks increase inter-
est rates, a positive selection effect occurs because high risk investors drop
out of the credit market first due to higher required risk premia on their
investments. This positive selection effect may dominate adverse selection
effects arising from limited liability that increase the risk of the marginal
investor. Consequently, the Stiglitz-Weiss mechanism whereby increasing
interest rates give rise to drop-out’s of low-risk investors, is reversed and in-
creasing interest rates results in the drop-out of high risk investors. Credit
rationing cannot occur when the positive selection effects dominate the ad-
verse selection effects. As such, the conclusions reached by Stiglitz and Weiss
(1981) and their successors are weakened.7

7Stiglitz and Weiss (1981) analyze effects of collateral requirements in a model with
risk averse investors with differing levels of initial wealth. Absolute risk aversion declines
with income, so that more wealthy investors are able to bear more risks and invest in more
risky projects accordingly. However, also in Stiglitz and Weiss (1981) there is a positive
selection effect from increasing collateral requirements, since increasing collateral increases
the number of wealthy investors opting for self-financing, thereby reducing aggregate de-
fault risks, see also Stiglitz and Weiss (1981, p.405, footnote 12). Stiglitz and Weiss (1992)
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Second, we show that the optimal contract is not a debt contract but an
equity contract in markets where debt is rationed and under-investment due
to risk aversion is important. For the case of risk neutral investors Cho (1986)
and De Meza and Webb (1987) have shown that equity contracts are indeed
optimal in the Stiglitz and Weiss (1981) setup.8 Loosely speaking, a bank
offering a debt contract only attracts the high risk investors, while an equity
contract attracts only the low risk investors. Therefore only equity contracts
are offered. However, with risk averse investors, this is less obvious. If the
positive selection effect of higher interest rates always dominates the adverse
selection effect of limited liability, one would expect that debt contracts are
the equilibrium contracts and not equity contracts, because debt contracts
attract the low risk investors and equity the high risk investors. We show
that this does not occur and an equity contract is always preferred to a debt
contract no matter how risky the investors are. The reason is that equity
contract offer more income insurance than debt contracts. This makes that
also the low risk investors apply for equity rather than debt.9

Third, government intervention in financing education is warranted, be-
cause only the government can finance education through equity, in contrast
to private parties.10 The reason is that the government can monitor and
enforce claims on all returns from human capital through the tax system.
The government may provide students with the funds to finance education
(costs of living and tuition) in exchange for a claim on the students’ future
incomes through a tax on the returns of the investment. Equity contracts to
finance investments in human capital are not executable by private parties

further elaborate on these matters.
8De Meza and Webb (1990) analyze similar issues in a similar model with risk averse

investors. However, they only look at investments that differ in mean returns, and not in
the risks of the investments. Consequently, credit rationing does not occur and investment
is suboptimally high, because high return investments cross subsidize low return invest-
ments. We, in contrast, analyze investments that differ in their risks and not mean returns,
and investment is sub-optimally low if capital and insurance market fail. We think that
this is a more relevant case for education.

9In their model with different mean returns and constant spreads, De Meza and Webb
(1990) show the possibility of pooling equilibria – where all investors chose the same
contract – and separating equilibria – where investors with different mean returns chose
different packages of debt, equity and insurance.

10This is somewhat related to Cho (1986) who argues that the absence of well devel-
oped equity markets causes large inefficiencies in debt markets, especially in developing
countries.
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due to non-slavery considerations. Even if trade in claims on human capi-
tal is possible, transaction costs are likely to be prohibitively high because
of monitoring and enforcement problems. Due to these (legal) restrictions
financial contracts cannot be made contingent upon the outcomes of the in-
vestment in human capital. This implies that both equity-type insurance
contracts cannot be offered by private parties and only debt contracts can
be executed.

Fourth, we show that solving the capital market imperfection with equity
contracts is not sufficient to attain the optimal level of investment in hu-
man capital, since risk aversion of graduates implies that they under-invest.
Although both equity and debt contracts feature insurance elements, they
typically do not take away all income risks, so that some under-investment
due to risk aversion remains. Therefore, some additional income insurance
is optimal. The government may restore social efficiency by insuring income
risks through the income tax. As such, this proves the optimality of equity
participation schemes with insurance elements to finance education.

Fifth, we further show that education subsidies are second-best instru-
ments to restore social efficiency in investment in human capital. We find
that efficiency in investment in human capital can only be restored, by giving
infinitely large education subsidies (on educational costs or interest costs), so
that also the most risk averse student opts for investment in education. Gen-
erally, social efficiency cannot be achieved because subsidies have to financed
through distortionary taxes. A trade-off emerges between restoring efficiency
in investments in human capital and avoiding welfare losses associated with
financing education subsidies. This contrasts with Mankiw (1986) and De
Meza and Webb (1987) who show that in general finite subsidies on interest
rates charged by banks may restore social efficiency.

The setup of the Chapter is as follows. In section 2 we set out our model
and analyze the role of capital market imperfections and risk on decisions
to invest in learning. Optimal finance of education is analyzed in section 3.
In section 4 we discuss sub-optimal ways of financing education. Section 5
concludes.
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5.2 Investment in human capital with capital

and insurance market imperfections

5.2.1 Students

The benchmark model is the simplest possible model with capital and insur-
ance market imperfections. We extend Stiglitz and Weiss (1981) by allowing
for risk averse investors. Consider a mass of graduates of unit measure in-
dexed i. Each graduate decides whether to enroll in higher education which
requires an investment of K. K can be thought of as tuition costs and fore-
gone earnings. The return to the investment in human capital is random.
We only consider two-outcome projects and denote the return in the success-
ful outcome Rs

i and Rf
i if the investment in human capital fails. Expected

returns for all graduates are the same so that:

R ≡ Ri = piR
s
i + (1− pi)R

f
i = const. ∀i, (5.1)

where pi ∈ [0, 1] is the probability of a success for graduate i.
We consider a model where investments in human capital only differ in

the spread of returns (not the mean returns). The latter assumption results
in under-investment in human capital as a consequence of imperfect capital
markets, see below. We think that that this is the relevant case to analyze,
because otherwise there is no problem with under-investment arising from
capital market failures. If mean returns differ, and not the spread of returns,
investment in human capital would inefficiently high because the high re-
turn graduates subsidize low return graduates, see also De Meza and Webb
(1987).11

We assume, without loss of generality, that Rf
i = Rf . We say that grad-

uate i is riskier than graduate j if pi < pj.
12 All graduates have identical

11If graduates differ in both mean returns and the spread of returns, there may be under
or over-investment depending on the joint distribution of means and spreads in returns
over the student body. In this case the analysis is generally not tractable however. See
Hellman and Stiglitz (2000) for some very stylized examples.

12Generally speaking one cannot say that graduate i has higher risk than graduate j if
pi < pj because the variance of returns first increases and then decreases with p because
the returns are bi-modally distributed. However, with mean returns restricted to be equal
across all i, and Rf fixed, it is easily shown that the variance decreases with pi. The
variance of graduate i is var(Ri) ≡ pi(1− pi)(Rs

i −Rf )2, substitution of (5.1) for Rs
i and

differentiating gives: ∂var(Ri)/∂pi = −(R−Rf )2/p2
i < 0, ∀i.
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initial wealth Wi = W which is insufficient to cover all costs of education, so
that W < K. Therefore, additional finance is required.

We make the following important ‘non-slavery’ assumption. Financial
contracts between students and financial institutions cannot be made con-
tingent upon the returns to the investment in human capital. Only debt
finance is therefore allowed, since a debt contract (r, B) that specifies the
principal B and interest rate r is independent on the returns of the invest-
ment. Furthermore, income insurance is impossible since this requires also
contracts dependent on the returns.

If graduates decide to invest in education they borrow B = K − W
at interest rate r. In case the investment in education fails, banks receive
the return from the investment, i.e. banks receive Rf . In case education
is indeed successful, banks receive principal plus interest. We assume that
Rs
i > (1 + r)B > Rf .13 Since graduates have limited liability the return πi

for graduate i is given by:

πi = max[Rs
i − (1 + r)B, 0]. (5.2)

Risk averse graduates have an expected utility function EU(πi) with
U(0) = 0, U ′ > 0, U ′′ < 0, U ′′′ ≥ 0, U ′(0) = ∞ , and U ′(∞) = 0. Graduates
are willing to invest in risky education financed with debt as long as:

EU(πi) = EU(pi) = piU(Rs
i − (1 + r)B) ≥ U((1 + ρ)W ), (5.3)

where ρ is the safe real return on non-human investments (savings).
Expected utility is potentially first increasing, then reaches a maximum

and then decreases with the probability of a success pi. To see this, differen-
tiate (5.3) while substituting (5.1):

dEU(pi)

dpi
= U(Rs

i − (1 + r)B)− U ′(Rs
i − (1 + r)B)(Rs

i −Rf ) < (5.4)

U(Rs
i − (1 + r)B)− U ′(Rs

i − (1 + r)B)(Rs
i − (1 + r)B).

where the last line equals zero for risk neutral investors and is positive for
risk averse investors. The sign of (5.5) is strictly negative for risk neutral
investors. The sign of (5.5) cannot be determined in general for all gradu-
ates. We know that the second line is always positive for any concave utility

13We assume that Rf is always low enough so as to meet the inequality, since r is
endogenous.
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function. Therefore, the first line may be either positive or negative, since
(Rs

i −Rf ) > (Rs
i −(1+r)B). Whether (5.5) is positive or not depends on the

size of (1+ r)B−Rf and the amount of risk aversion. If borrowing costs are
large (large (1+r)B), returns in the bad outcome (low Rf ) are small, and risk
aversion is small, then dEU(pi)/dpi may be negative, and vice versa. This
case has a clear economic intuition. Large borrowing costs due to high inter-
est rates and low returns in cases of bad outcomes are typically encountered
in risky economic environments.

Graphically, we can sketch the graph of EU(pi). We know that EU(0) =
0, and EU(1) = U(R − (1 + r)B) > 0. The graph of EU(pi)is either always
monotonically increasing, or first increasing and then decreasing to reach
EU(1), see for example figures 5.1 and 5.2. The intuition for the shape
of EU(πi) can be understood most easily by also plotting U(Eπi), which
denotes utility from the certainty equivalent. This line corresponds to the
Stiglitz and Weiss (1981) case.

As we move along the horizontal axis from pi = 1 to pi = 0 (from right
to left), we know that investments become more risky. If graduates could
eliminate income risks so as to obtain the certainty equivalent of income,
utility (of expected income) increases for graduates with higher pi. Equation
(5.5) is always negative for risk neutral graduates (U linear), since only the
limited liability effect is present.

If graduates are risk averse, expected utility is lowered due to the fact
that they require a risk premium on their investments in human capital.
Expected utility may initially increase if pi is lowered due to the positive
effect of having limited liability. This limited liability effect is more important
when risk aversion is small, incomes in the bad state of nature are lower (Rf

lower) or if interest rates are higher so that debt costs are higher ((1 + r)B
larger), since then the welfare gain of being able to shift default costs to
banks increases.

Eventually, however, expected utility must become decreasing if pi de-
creases, because risk aversion becomes dominant in lowering expected utility.
The reason that the utility cost of being risk averse increases ‘quadratically’
with lower pi, whereas the utility benefit of having limited liability only in-
creases ‘linearly’.

If risk aversion is large, incomes in the bad state are high or borrowing
costs low, expected utility can be decreasing for all pi. The negative effect
of risk aversion on expected utility always dominates the positive effect on
expected utility of having limited liability.
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Figure 5.1: Investment decision debt financing with high and low risk aversion
(Rf = .5, R = 3, W = .6, B = 1, ρ = 0, r = .5).
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For example, if utility is CRRA (EU(πi) = pi(R
s
i − (1+ r)B)1−θ/(1− θ)),

then (5.5) may be always positive (low interest rate, high return in bad
outcome) for risk averse graduates, i.e. when 0 < θ < 1, see figure 5.1.
Stronger risk aversion (higher θ) makes the EU line more negatively sloping.
We plotted the case for which the interest rate is higher (r = 1.5) in figure
5.2. Hence, for high pi the positive effect of limited liability dominates the
negative risk aversion effect on risk taking, so that EU(πi) is first increasing
and then decreasing.

Risk aversion may have important consequences for the equilibrium of
the model. For the marginal graduate, i.e. the graduate who is just indif-
ferent between investing in education or putting money in the bank, (5.3)
holds with equality. The success probability of a marginal student pm de-
clines or increases if banks increase interest rates. This follows from totally
differentiating pmU((R−Rf )/pm − ((1 + r)B −Rf )) = U((1 + ρ)W ):

dpm
dr

=
pmU

′(.)B

U(.)− U ′(.)(Rs
m −Rf )

, (5.5)

i.e. dpm/dr > 0 when (5.5) ≥ 0 and vice versa. In case graduates are risk

146



Chapter 5 Optimal Financing of Education

Figure 5.2: Investment decision debt financing with low risk aversion and
high interest rates (Rf = .5, R = 3, W = .6, B = 1, ρ = 0, r = 1.5).
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neutral we have pm = (R−Rf − (1 + ρ)W )/((1 + r)B −Rf ), and therefore,
dpm/dr < 0 for risk neutral graduates.

If dpi/dr < 0 ∀i, high-risk graduates (with low pi) are willing to pay higher
interest rates on loans. This is the source of adverse selection in Stiglitz and
Weiss (1981), since banks cannot observe pi. If bank increase interest rates
charged to students, the average risk in the pool of loan applicants increases.
However, if dpi/dr > 0 ∀i, the high risk graduates drop out of the credit
market first, and increasing the interest rate creates a positive selection effect
on the loan applicants.

In the intermediate case, dpi/dr switches in sign if risk aversion is small,
interest rates are not sufficiently low ((1 + r)B high) or incomes in the bad
state of nature are not sufficiently high (Rf low). I.e. when dpi/dr > 0 for
low pi and dpi/dr < 0 for high pi. Then, there are in fact two ‘marginal
graduates’ p̂ and p̄, because the EU(πi) line cuts the U((1 + ρ)W ) line twice
on the interval [0, 1], see figure 5.2. p̂ corresponds to the marginal graduate
with the lowest probability of success, who is ing to invest, where dp̂/dr > 0.
p̄ corresponds to the marginal graduate with the highest probability of success
who is ing to invest, with dp̄/dr < 0. Graduates with pi < p̂ or pi > p̄, do
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not invest.

5.2.2 Banks

Identical and risk neutral banks offer debt services to graduates so as to
maximize expected profits. The credit market is competitive in the sense that
there is free entry and exit. Crucial for our exposition is that banks suffer
from an information problem. Graduates know the probability of success
pi whereas banks cannot observe pi. Banks do know the common expected
return R to investments in human capital and the distribution of success
probabilities denoted f(pi). One may say that the banks have classified all
graduates in groups with different mean returns.

Banks obtain funds at real safe (deposit) rate ρ. For simplicity we as-
sume that the supply of funds to banks is totally elastic. Further, let
Pm stand for the average probability that graduates apply for a loan, i.e.
Pm ≡ E[pi|EU(.)− U((1 + ρ)W ) ≥ 0] =

∫ p̄
p̂
f(pi)dpi. Expected profits Π for

the banks are then given by:

Π = (1 + r)B

∫ p̄

p̂

pif(pi)dpi +Rf

∫ p̄

p̂

(1− pi)f(pi)dpi − (1 + ρ)BPm. (5.6)

In equilibrium, perfect competition between banks drives expected profits
down to zero.

5.2.3 Equilibrium

In equilibrium banks offer debt contract such that no equilibrium contract
makes negative expected profits and there is no other debt contract such
that this can make non-negative expected profits. From Stiglitz and Weiss
(1981), and others we know that credit may be rationed in equilibrium. The
important assumption driving these results is that dpm/dr < 0 which always
holds true if we assume that graduates are risk neutral. The intuition is
that even though there may be an excess demand for credit, banks are not
willing to increase the interest rate to choke off excess demand for credit,
since the good risk graduates (high pi) drop out of the market and do not
invest (adverse selection). The average default risk on loans may increase so
much that this causes losses that are larger than the increased revenues from
higher interest rates.
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The intuition for the credit rationing result can also be derived from
differentiation of (5.6) with respect to the interest rate – note that in this
case p̂ = 0, and pm = p̄, since all high risk graduates apply for credit:

dΠ

dr
= B

∫ pm

0

pif(pi)dpi + [(1 + r)Bpmf(pm) +Rf (1− pm)f(pm)]
dpm
dr

. (5.7)

The first term measures the increase in repayments of those graduates who
do in fact repay their debts. The second term yields the adverse selection
effect of increases in the interest rate on the average risk of borrowers. Higher
interest rates cause the probability of the marginal graduate who repays debts
in full to decline if dpm/dr < 0. Maximum profits occur at the interest rate
at which (5.7) is equal to zero.

Proposition 1 (Stiglitz and Weiss) A credit rationing equilibrium exists if
dpm/dr < 0 ∀i, which always for holds risk neutral investors.

Proof - (See also De Meza and Webb (1987)) Suppose that the equilib-
rium interest rate is r′, such that some graduates with socially profitable
investments do not get credit, i.e. for investors where piU((R − Rf )/pi −
((1 + r′)B − Rf )) > U((1 + ρ)W ). A necessary condition is that dΠ/dr = 0
for r′ to be an equilibrium interest rate. Consequently, higher interest rates
in order to meet excess demand for credit results in losses. The reason is
that if r is increased banks get more revenues from successful graduates, but
also relatively more risky graduates apply for credit since dpm/dr < 0, pm
falls. Therefore, dΠ/dr R 0 depends on whether the revenue effect is larger
or smaller than the adverse selection effect. If at r′ the adverse selection
effect equals the revenue effect, dΠ/dr = 0, and credit is rationed.

�

However, we have just seen that dpm/dr < 0 does not hold in general.
The reason is that debt contracts allow the graduate to take more risks
because banks absorb the downside risks. This positive insurance effect on
risk-taking, may actually be such that probability of success of the marginal
graduate increases when banks increase interest rates. This creates a positive
selection effect and credit rationing may not occur anymore. In case risk
aversion is large, interest rates remain sufficiently low, or Rf is sufficiently
high, dpi/dr > 0 ∀i, and therefore also for pi = pm.
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Proposition 2 (Non-rationing with sufficient risk aversion) A credit ra-
tioning equilibrium cannot exist if dpi/dr > 0 ∀i.

Proof - Suppose that the interest rate is set at r′, such that some graduates
with profitable investments, i.e. piU((R − Rf )/pi − ((1 + r′)B − Rf )) >
U((1 + ρ)W ), do not obtain credit. If this is so, then the bank can keep its
initial volume of outstanding loans if it makes a small increase in the interest
charged. A necessary condition for credit rationing to occur at r′ is then that
dΠ/dr = 0. However, this is not the case. If r′ is increased, the probability of
success of the marginal graduate increases because dpm/dr > 0, consequently
and we have from (5.7) that dΠ/dr > 0. The reason is that banks receive
more revenues from successful graduates and make less losses because there
are less unsuccessful graduates if interest rates are increased. Therefore, a
credit rationing equilibrium does not exist if dpm/dr > 0. Furthermore,
if the interest rate were above the market clearing level, profit maximizing
banks would offer loan contracts generating profits at lower interest rate until
market equilibrium with zero profits is restored.

�

The last proposition contrasts with Stiglitz and Weiss (1981) since the
credit rationing equilibrium is not robust to the introduction of risk averse
investors.

In the intermediate case, if risk aversion is small, interest rates are not
sufficiently low ((1 + r)B high) or incomes in the bad state of nature are
not sufficiently high (Rf low), and dpi/dr switches in sign, a credit rationing
equilibrium may occur.14 Graduates with pi < p̂ or pi > p̄, do not invest.
See also figure 5.3.

Clearly, increasing the interest rate has both a positive selection effect,
because the probability of the graduate with the lowest probability of success
p̂ increases, and an adverse selection effect, because the probability of success
of the graduate with the highest probability of success p̄ decreases. This can

14A second condition for credit rationing to occur is that U((1+ρ)W )EU(π) for pi = 1,
i.e. expected utility of investment for the safest graduate is always lower than expected
utility from alternative investments for the safest graduate. If this was not the case, EU(.)
cuts U((1+ρ)W ) only once on domain [0, 1] so that there is exactly one marginal graduate
for whom dpm/dr > 0, so that credit rationing cannot occur.
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Figure 5.3: Investment decision debt financing. Effects of increasing interest
rates (Rf = .5, R = 3, W = .6, B = 1, ρ = 0).
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be seen as well by differentiating the bank’s profit function:

dΠ

dr
= B

∫ p̄

p̂

pif(pi)dpi + [(1 + r)Bp̂f(p̂) +Rf (1− p̂)f(p̂)]
dp̂

dr

+[(1 + r)Bp̄f(p̄) +Rf (1− p̄)f(p̄)]
dp̄

dr
. (5.8)

The first-term is the standard term denoting increased revenue on all out-
standing loans, the second term measures the positive selection effect because
the bad risks drop out of the credit market (dp̂/dr > 0) , whereas the third
term measures the negative adverse selection effect because also some good
risk graduates drop out of the market (dp̄/dr < 0). Only if the third effect
dominates the first two effects, there can be a credit rationing equilibrium.
This depends on the number of good risk graduates dropping out of the mar-
ket relative to the number of bad risks dropping out of the market.15 Due
to the presence of the third positive selection effect, credit rationing is less
likely to occur, than in Stiglitz and Weiss (1981) with risk neutral investors.

15In case p̂ = p̄, increasing the interest rate drives all projects out of the market and no
one invests.
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Proposition 3 (Credit rationing with small risk aversion) A credit rationing
equilibrium may exist if for some low pi, dpi/dr > 0, and for some
high pi with dpi/dr < 0. The positive effects of higher revenues on
outstanding debts, and positive selection effects must be outweighed
by the adverse selection effects.

Proof – By similar reasoning as in proposition 1. Suppose that the equi-
librium interest rate is r′, such that some graduates with socially profitable
investments do not get credit, i.e. for investors where piU((R − Rf )/pi −
((1 + r′)B − Rf )) > U((1 + ρ)W ). A necessary condition is that dΠ/dr = 0
for r′ to be an equilibrium interest rate. Consequently, higher interest rates
in order to meet excess demand results in losses. The reason is that if r is
increased banks get more revenues from successful graduates, and some risky
graduates may drop out of the market since dp̂/dr > 0, but also relatively
more risky graduates apply for credit since dp̄/dr < 0, p̄ falls. Therefore,
dΠ/dr R 0 depends on whether the revenue and positive selection effects
are larger or smaller than the adverse selection effect. If at r′ the adverse
selection effect equals the revenue and positive selection effects, dΠ/dr = 0,
and credit is rationed.

�

5.2.4 Efficiency market equilibrium

We can show that investment in human capital is below its socially optimal
level, whether credit is rationed or not. This is the consequence of both the
under-investment resulting from risk aversion due to non-insurable income
risks and due to the information problem between banks and graduates. In-
vestment in human capital is socially efficient when graduates with expected
‘gross’ returns on investment in human capital that larger than costs of in-
vestments should indeed invest in human capital, i.e.:

piR
s
i + (1− pi)R

f ≥ (1 + ρ)K, ∀i. (5.9)

Since all projects have the same mean gross return, (5.9) should hold with
equality for all projects. To determine whether there is under-investment we
need to determine whether (5.9) holds.

Proposition 4 (Under-investment) Under-investment in human capital re-
sults whether credit is rationed or not.

152



Chapter 5 Optimal Financing of Education

Proof – For every graduate we have U((1 + ρ)W ) ≤ EU(πi) < U(Eπi),
i.e., pi(R

s
i − (1 + r)B) > (1 + ρ)W . Summing over all graduates we have:

(1 + ρ)W

∫ p̄

p̂

f(pi)dpi <

∫ p̄

p̂

piR
s
if(pi)dpi − (1 + r)B

∫ p̄

p̂

pif(pi)dpi. (5.10)

When we add
∫ p̄
p̂
(1 − pi)R

ff(pi)dpi to both sides and substitute the zero

profit condition for banks we arrive at: R = piR
s
i + (1 − pi)R

f > (1 + ρ)K,
∀i. So under-investment in human capital obtains.

If graduates are risk neutral, the same derivation holds, except for the
fact that we integrate over

∫ pm

0
rather than

∫ p̄
p̂
, since pm = p̄ and p̂ = 0 for

risk neutral investors. The information problem results in drop outs of the
‘good’ risk graduates, for whom investments in human capital are socially
efficient. Therefore, there is under-investment in equilibrium on account of
asymmetric information and risk aversion of graduates.

�

5.3 Optimal education policy

It is not clear whether debt contracts are the optimal type of contracts in the
model presented above, as for example Cho (1986) and De Meza and Webb
(1987) have shown. They argued that equity financing is optimal rather than
debt financing in the Stiglitz and Weiss model with risk neutral investors.
We show below that equity financing of investments is indeed optimal even
when graduates are risk averse, but the reason is not trivial and importantly
differing from Cho (1986) and De Meza and Webb (1987).

Equity and insurance contracts are impossible for legal reasons. There-
fore, only debt contracts can be written by private parties. This is likely to
be an important constraint for the financing of investments in human capi-
tal. The point of this Chapter is that the government can in fact buy shares
in graduates’ earnings prospects because the government can secure claims
on human capital. The reason is that the government is the only authority
that is legally allowed to tax individual members of society. Consequently,
by being able to tax incomes, it has an effective claim on all human capital
stocks in society. Therefore, the government is actually able to circumvent
the barriers to writing optimal contracts that private parties face.16

16Further, the tax authority is able to claim human capital embodied in members of soci-
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5.3.1 Equity financing of education

Suppose that the government buys shares in graduates’ human capital. It
provides equity E = K − W to all graduates obtaining an education in
exchange for a claim on the returns from human capital. We assume that
this claim is executed through a proportional tax t on the returns of the
investment in human capital. The expected utility of a graduate who finances
education with the equity stake of the government is now given by:

EU(πi) = piU((1− t)Rs
i ) + (1− pi)U((1− t)Rf ). (5.11)

We assume that if the government finances education, graduates cannot use
debt at the same time. We establish later that is never occurs.

We repeat the argument by De Meza and Webb (1987) that establishes
the optimality of equity financing when graduates are risk neutral (U linear).
The intuition is that when banks offer equity contracts, they attract the low
risk investors, whereas the debt contract would only attract the high risk
investors.

Proposition 5 (Optimal finance risk neutral graduates) The optimal con-
tract for risk neutral investors is an equity contract for financing edu-
cation.

Proof - Assume that the government acts as if it was a profit maximizing
bank offering both debt and equity contracts. Let the probability of success
of the marginal graduate that is indifferent between debt and equity financing
of education be denoted po. We derive the expected returns for the indifferent
graduate with pi = po:

(1− t)(poR
s
o + (1− po)R

f ) = po(R
s
o − (1 + r)B). (5.12)

Using (5.1) yields po ≡ po(t, r) = (tR − Rf )/((1 + r)B − Rf ), so that
∂po/∂t > 0, ∂po/∂r < 0. Due to the constancy of expected returns, the

ety without making the (huge) transaction costs involved by going to court to enforce these
claims which would occur if private parties actually engaged in equity finance. Marginal
transaction costs of enforcing the claims on stocks of human capital are essentially be zero
as we assume here. Available evidence suggests that this is not a bad approximation.
Administrative costs were as low as 1% of the total loans repaid in the income contingent
loan system in Australia, see Chapman (1997, p. 747). This is low given the complexity
of the contract created by link to income.
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left hand side of (5.12) is independent from pi, however, the right hand side
is decreasing in pi. The government knows therefore that graduates obtain-
ing debt finance have lower probabilities of success than the graduate who is
indifferent, i.e. pi < po. Similarly, graduates obtaining equity finance have
pi > po. Expected profits from equity contracts are always higher than the
profits on the indifferent investor whereas expected profits from debt con-
tracts are always lower than on the debt contract offered to the indifferent
investor. Therefore, an equilibrium with both debt and equity contracts is
impossible.

We can show that, for the indifferent graduate, expected profits on equity
contracts are equal to expected profits on debt contracts:

t(poR
s
o + (1− po)R

f ) = po(1 + r)B + (1− po)R
f . (5.13)

where the left hand side gives expected profits from equity and the right hand
side gives expected profits from debt contracts. Since expected profits on
equity financed investments in human capital for the indifferent (marginal)
graduate are equal than to expected profits on debt financed investments,
all debt financed investments in human capital are worse than the equity
financed investments since the first type of contracts only attract the worst
risks and make losses. Consequently, all investments are equity financed.

�

With risk averse graduates and dpo/dr > 0 one could expect that ex-
actly the other contract, namely the debt contract is optimal. By similar
arguments as above, one can argue that the equilibrium type of contract is
a debt contract due to the positive selection effects of offering debt, whereas
equity contracts only attract the worst risks. This is not the case however.
The reason is that there is no graduate indifferent between debt and equity
financing and all graduates prefer equity.

In order to determine whether graduates would prefer debt or equity
to finance their investments in human capital, we plotted expected utility
of education financed with both equity and debt in 5.4. We substituted
the government budget constraint for the tax rate and set the interest rate
charged to graduates equal to the safe rate ρ. (If no default risks existed,
graduates would obtain funds at rate ρ.)

We see that equity financing of education always yields larger expected
utility than debt financing of education. This can be established by not-
ing that default risks increase the interest rate above the risk free rate, i.e.,
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r > ρ, and then expected utility for debt financing lies always below expected
utility with equity financing. The intuition is that debt financing features
‘insurance premiums’ that are not actuarially fair, since debt financing en-
tails redistribution from low risk to high risk graduates. Equity financing of
education does not feature this property since every graduate has the same
expected returns and no distortionary redistribution occurs.

Moreover, the variance of incomes with debt financed contracts (σe) in-
creases faster compared to the variance of equity financed projects (σe) when
the probability of success falls:

d(σdi /σ
e
i )

dpi
=

((1 + r)B −Rf)

((1− t)(Rs
i −Rf))2

dRs
i

dpi
< 0, (5.14)

where σdi ≡ (pi(1−pi))1/2[Rs
i−(1+r)B], σei ≡ (pi(1−pi))1/2[(1−t)(Rs

i−Rf )],
and dRs

i/dpi < 0 follows from (5.1). At lower pi the variance of debt contracts
is therefore higher than for equity contracts. Consequently, in the normal
case when absolute risk aversion does not increase with income, required
risk premia on investments are lower with equity financing compared to debt
financing because mean incomes are lower and the variance of incomes are
higher.

Since EUequity ≥ EUdebt ∀i, it is trivially established that it is optimal to
finance all investments in human capital with equity when graduates are risk
averse.

Proposition 6 (Optimal education finance) All investments in human cap-
ital are financed with an equity stake of the government.

Proof – For the case that dpi/dr > 0 ∀i, the proof is simple. Equity
financed investments have lower variances compared to debt financed invest-
ments which have higher variance, but the latter feature limited liability.
However, since the negative risk-aversion effect always dominates the posi-
tive limited liability effect on investments if dpi/dr > 0 ∀i, and thereby on
expected utility, equity financed projects are therefore preferred over debt
financed projects.

In case dpi/dr switches in sign, the positive limited liability effect domi-
nates the risk negative risk aversion effect for high pi and vice versa for low pi.
Let p∗ denote the probability of success of the graduate for whom dpi/dr = 0.
We know from proposition 5 that expected utility for low risk graduates with
pi > p∗ (and dpi/dr < 0) is higher if they choose equity contracts that do
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Figure 5.4: Investment decision debt or equity financing (Rf = .5, R = 3,
W = .6, ρ = 0).
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not redistribute incomes to high risk graduates rather than debt financed
contracts. With dpi/dr < 0 ∀i equity contracts are preferred. The corollary
to risk averse agents is straightforward and all agents with pi > p∗ prefer
equity.

From the first part in this proposition we know that expected utility
for high risk graduates with pi < p∗ (and dpi/dr > 0) is higher if they
choose equity contracts because the limited liability effect is dominated by
the insurance effect, since with dpi/dr > 0 ∀i equity contracts are preferred.
Consequently, all graduates, both with pi < p∗ and pi > p∗, prefer equity
financing over debt financing.

�

5.3.2 Efficiency of equity financing

Even with equity financing, there remains under-investment in human capital
since graduates are risk averse. Although both debt and equity contracts also
provide income insurance, not all income risks are taken away. Therefore,
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the marginal graduate requires a risk premium on the investments in human
capital as a compensation for risk.

Proposition 7 (Under-investment with equity financing) Social efficiency in
investment in human capital is not achieved even with equity financing
because graduates are risk averse and under-invest in human capital.

Proof - The graduate has expected utility from equity financed invest-
ments in human capital at least equal to utility from non-human invest-
ments: EU(πi) = piU((1 − t)Rs

i ) + (1 − pi)U((1 − t)Rf ) ≥ U((1 + ρ)W ).
We can derive that U(pi(1 − t)Rs

i + (1 − pi)(1 − t)Rf ) > piU((1 − t)Rs
i ) +

(1−pi)U((1− t)Rf ) ≥ U((1+ρ)W ), from Jensen’s inequality. Consequently,
pi(1−t)Rs

i +(1−pi)(1−t)Rf > (1+ρ)W . Combine this with the government
budget constraint, so that, R > (1 + ρ)K, which is exactly the condition for
social sub-optimality of investments in human capital, i.e. the social returns
on investments in human capital are larger than social costs.

�

This is in contrast with De Meza and Webb’s (1987) finding that with risk
neutral firms, equity financing of investments differing only in the spreads of
returns, equity financing yields the socially optimal level of investment.

5.3.3 Optimal insurance

Given that there is under-investment in human capital due to risk aversion,
some form of income insurance is optimal. Eaton and Rosen (1980), Varian
(1980), and Sinn (1995), amongst other have shown, that a redistributive
income tax is optimal if insurance markets are absent, even if this income
tax distorts incentives to invest in human capital (or to supply labor).

In the current set-up the government may provide graduates with some
income insurance, by increasing the graduate tax and rebating the revenues
through a higher level of equity (E) provided. This enhances the social
efficiency of investments in human capital. Not only the capital market
imperfect is solved by sufficient levels of E, but income risks are insured as
well.

Proposition 8 (Optimal income insurance) Optimal government interven-
tion requires that all income uncertainty is eliminated and the govern-
ment takes a 100% equity stake on the returns to human capital, i.e.
t = 1 and E = R.
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Proof - The government’s budget constraint can be written down as:

tPR = (1 + ρ)PE, (5.15)

where where P is the average probability (= 1) of graduates applying for
equity finance. The proportional income tax redistributes income from suc-
cessful states of nature to unsuccessful states. If t = 1 and E = R, there
is full insurance and no income uncertainty. It is easily verified that in this
case social efficiency results, i.e. piR

s
i + (1− pi)R

f = (1 + ρ)K, ∀i. If t < 1
(and E < R) it is easily shown that piR

s
i + (1 − pi)R

f < (1 + ρ)K, ∀i, so
that only t = 1 yields social optimality.

�

An equity participation model combined with income insurance solves the
under-investment problem associated with imperfect capital and insurance
markets. Therefore, the authors mentioned in the introduction were generally
correct in their pleads for an income contingent loan system or a graduate
tax.

5.3.4 Moral hazard

In the current setup, we do not allow for moral hazard effects or other (tax)
distortions, so that full insurance can be achieved. Generally, the presence
of moral hazard reduces the optimal insurance cover. There is a trade-off
between incentives and risk-sharing, see also Eaton and Rosen (1980), Varian
(1980), and Sinn (1995).

Therefore, apart from the decision whether to invest or not in education,
graduates may optimally choose their success probabilities through costly
efforts. However, nothing critical changes in the analysis carried out above
if graduates choose their success probabilities. The reason is that expected
returns to investments are constant. If students chose pi to be lower, their
income in the successful state goes up leaving expected income unaffected.
Moral hazard is not a problem exactly because no distortionary redistribution
occurs: graduates cannot shift costs in terms of lower expected incomes, due
to having a low probability of success, to others. This is the analogue to the
result that there is no adverse selection with equity financing.

In reality, however, expected returns to education do differ between grad-
uates. Then, there is generally a trade-off between income insurance and
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incentives (to supply labor, effort, or invest in human capital), as the afore-
mentioned studies have shown. When the current model is extended with
non-constant expected returns this trade-off certainly appears. Furthermore,
it is conceivable that combinations of debt and equity financing are optimal
with asymmetric information on both the means and spread of returns to
investments in human capital. However, allowing for two-dimensional asym-
metric information on means, spreads and the introduction of moral hazard
would make the analysis very complex and hardly tractable. For example,
Hellman and Stiglitz (2000) are only able to give some very stylized exam-
ples in a model with asymmetric information on both means and spreads of
returns.

5.4 Sub-optimal education policy

Education subsidies are widely used, rather than using an income contingent
equity participation scheme. These education subsidies are often defended by
appeals to failing capital and insurance markets. In this section we analyze
how optimal subsidies are set in the absence of equity and insurance. In case
the government does not finance education with equity, but rather employs
an interest subsidy, what is the efficient interest subsidy on loans?

Let sr denote the subsidy on the interest costs charged by banks, so that
graduates only pay (1+(1−sr)r)B. In figure 5.5 we plotted the effects of an
interest rate subsidy on expected utility for the graduate. Interest subsidies
shift the expected utility line upwards. This upward shift is large for high
pi graduates and small (approaching zero) for low pi graduates. As a con-
sequence of the education subsidy, the probability of success corresponding
to the marginal graduate who invests in education is lowered. The reason is
that interest costs associated with investment in human capital falls, so that
investment in human capital becomes more profitable.

Evidently, education subsidies should be increased to infinity in order to
induce the graduate with the lowest probability of success to invest in human
capital. The reason is that expected utility goes to zero whatever the level
of income in the successful state is.17 Therefore, social efficiency where all

17This can be established by taking the limit of expected utility under debt financing as
pi → 0: limpi→0

U(α/pi−β)
g(pi)

, where α ≡ R−Rf , β ≡ (1+r)B−Rf , and g(pi) ≡ 1/pi. Since

the limit is indeterminate, i.e. ∞∞ , we apply L’ Hôpital’s rule to find: limpi→∞
U(α/pi−β)

g(pi)
=
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Figure 5.5: Investment decision with debt financing and education subsidies
(Rf = .5, R = 3, W = .6, ρ = 0, r = .5).
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graduates invest in education can only be attained if education subsidies are
infinity.

A similar story holds for subsidies on the direct costs of education. If the
government subsidizes the cost of education K at rate sk, so that graduates
only face (1 − sk)K as costs, then expected utility for all graduates also
increases and the probability of success of the marginal graduate falls, see
also figure 5.5. Clearly, education subsidies are a very indirect means of
restoring efficiency in investments in human capital. The reason is that
education subsidies are not very effective in reducing income risks.

Further, all graduates who would invest in education even in the absence
of subsidies now receive education subsidies. Generally, this comes along with
dead weight losses because education subsidies need to be financed by means
of distortionary taxation. Due to the distortionary costs of revenue raising,
the use of education subsidies is restricted. The presence of deadweight-
loss in revenue raising implies that the government faces a trade-off between
restoring efficiency in learning by providing education subsidies creating ef-
ficiency losses when financing these subsidies. Consequently, with less than

limpi→∞−αU ′(α/pi − β) = 0, since U ′(∞) = 0.
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infinite education subsidies, it is impossible to achieve the socially desirable
level of investment in human capital if graduates are risk averse, only income
insurance can do so. Since first-best can never be achieved, under-investment
in human capital due to capital market imperfections and absent insurance
remains.

Proposition 9 (Inefficient education policy) Social efficiency in investments
in human capital cannot be achieved by means of education subsidies
since this requires infinite subsidies which can never be financed if costs
of revenue raising are positive.

The last proposition contrasts with Mankiw (1986) and De Meza and
Webb (1987). These authors argued that social efficiency in investment can
be restored in imperfect capital markets with debt contracts by letting the
government employ less than infinite (interest) subsidies on education loans.
We have shown that due to risk aversion, the government cannot solve the
capital market failure arising from asymmetric information by means of in-
terest subsidies, because only infinitely large subsidies would restore social
efficiency in investments in human capital.

5.5 Conclusion

Systems of equity participation to finance education are directed to solve
problems with imperfectly functioning debt markets and the absence of in-
come insurance that yield under-investment in human capital. We have
shown that equity financing of human capital coupled to income insurance is
optimal and restores social efficiency in investments in human capital. Edu-
cation subsidies, on the contrary, cannot solve the under-investment problem
perfectly.

This Chapter has concentrated solely on the efficiency properties of the
various financing regimes. The analysis of distributional concerns may add
additional support for an equity participation model, because generally the
subsidies are financed by the average tax-payer. We have shown that subsi-
dies are inefficient, but then one can show that subsidies are also inequitable,
see also Garc̀ıa-Peñalosa and Wälde (2000).

Further, one may like to introduce non-constant expected returns in the
accumulation of human capital. De Meza and Webb (1990) have analyzed the
optimal mix of debt, equity and income insurance in case that investments
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differ in their means, not the spreads. They show that in equilibrium differ-
ent investors may choose different combinations of debt, equity and income
insurance. However, there is no under-investment in this model because there
is no asymmetric information on the spreads of the investment. Allowing for
two dimensional asymmetric information is likely to yield a complex mixture
of the results obtained in this paper and in De Meza and Webb (1990).

Moreover, when mean returns of education differ across graduates and
there is moral hazard it is likely that some combination of equity and debt
is needed to provide proper incentives. Recall that debt is generally riskier
than equity and may therefore reduce moral hazard problems. Perfect income
insurance probably generates too much adverse incentives so that a trade off
emerges between providing incentives and insurance, see also Sinn (1995).
Under-investment due to risk aversion may not be perfectly solved then.
Further, it is generally not clear whether there is under-investment in human
capital when both means and spreads differ and there is moral hazard.

Finally, one may wonder why education subsidies are so common if eq-
uity participation systems are apparently optimal. Some political economy
aspects may add further insights to the current analysis. As Fernàndez and
Rogerson (1996) have shown, inequity may result as an outcome of a political
process where heterogeneous agents vote over education expenditures.
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Chapter 6

An Investigation of Education
Finance Reform. Graduate
Taxes and Income Contingent
Loans in the Netherlands

“[...] Existing loan or loan guarantee programs are too re-
stricted in their terms, length of repayment period, and size of
the loan, to offer many lower- and middle-class young people an
opportunity to borrow against future earnings to the extent nec-
essary to achieve adequate levels of demand even for the edu-
cational services of virtually free public institutions.” (Nerlove,
1972, p. S185).

6.1 Introduction

In this Chapter we analyze the consequences of replacing education subsidies
on higher education with an equity participation scheme of financing higher
education. We analyze various financing schemes - graduate taxes (GT)
and income contingent loans (ICL) - in order to channel private resources
into higher education without harming accessibility. Our focus is fourfold.
First, we study the financial consequences for students/graduates of these
new financing schemes. To that end we try to quantify the (re)payment
conditions. Second, we analyze the insurance characteristics of the equity
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participation schemes. Third, we address the potential gains in terms of
saved government revenue of these policy switches. Fourth, we discuss the
qualitative consequences for the distribution of incomes.

We think that the subject is relevant for the following reasons. First of all,
most governments in Western countries spend a lot of resources on higher ed-
ucation. Nevertheless, government budgets for education are under pressure
for various reasons, such as the ageing of the population and the EMU-criteria
for deficits and debt. At the same time, enrollment in higher education has
been steadily increasing in recent decades. This has caused a crisis in the
funding of higher education, see for example Kane (1997), Barr (1998) and
Barr and Crawford (1998). Policy interest in alternative ways of financing
education has increased as governments seek ways to control outlays. In
particular, policymakers may look for ways to increase private contributions
since subsidizing education while enrollment rates remain increasing does not
resolve funding problems. Indeed, the only way to circumvent pressures on
government budgets is to increase private contributions to higher education,
given that there are limitations on the amount of tax revenues that can be
spend on subsidies for higher education. However, a major concern with
raising private contributions is that accessibility to higher education needs
to be warranted.

In addition, it is argued that current higher education finance is in-
equitable.1 The unfortunate by-product of subsidies on education is that
they imply reverse redistribution. The incidence of the costs is born by the
average taxpayer, whereas the benefits accrue to the most talented part of
the nation. To put it in Arrow’s (1971) terms, subsidies for higher educa-
tion are ‘input’ regressive, since only the students with the highest abilities
within a cohort benefit from these subsidies because they learn most. As a
consequence, socioeconomic outcomes are more regressive as well. The rea-
son is that initial differences in abilities become more pronounced because
the highest ability students can increase their ability to earn income through
education. Additionally, the larger part of students enrolled in higher edu-
cation already belong to the most wealthy families. The Social and Cultural
Planning Office in the Netherlands has shown that the 50% wealthiest fami-
lies receive 80% of education expenditures on higher education (SCP, 1994).

Finally, one may argue whether giving subsidies on a large scale, as cur-

1This is a long standing debate, see e.g. Friedman (1962), Nerlove (1972, 1975), or
Schultz (1972) for early contributions.
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rent policy practice shows, is really an optimal policy. Clearly, some argu-
ments justify education positive education subsidies, see also the introduc-
tory Chapter. However, not all arguments are equally valid. Probably the
most important reason for education subsidies is the failing of capital and
insurance markets. These market failures are the roots of inequality of op-
portunity. I.e., not all students can obtain an education at the same financial
conditions. Failing capital and insurance markets hamper access for students
from lower socioeconomic backgrounds. Disadvantaged students suffer more
from liquidity constraints because they cannot finance education themselves.
And, because they are less wealthy, require larger returns on their invest-
ments in human capital because they are typically more risk averse. Both
capital and insurance market failures result in under-investment in human
capital from a social perspective.

However, education subsidies do not tackle the real problems with cap-
ital and insurance market imperfections. In principle, an equity participa-
tion model where the government buys shares in graduates’ human capital
in exchange for funds (to cover costs of living and tuition) while enrolled
in education is sufficient to overcome credit and insurance market failures.
Students obtain funds independently from background conditions so that liq-
uidity constraints are avoided. Income insurance by means of pooling income
risks solves the under-investment problem due to risk (or debt) aversion. An
equity participation scheme does therefore not require external subsidies, see
also Jacobs and Van Wijnbergen (2002).

An equity participation scheme has two potential disadvantages, how-
ever. First, the insurance of income risks may cause problems with adverse
selection and moral hazard. This is the case if the system attracts too many
high risk - low return graduates and the low risk high return graduates do
not want to participate. One may then opt for a debt-remittance scheme
whereby the government shares in the income risks as suggested by Kane
(1997). This is the case in Australia. Then, education subsidies enter in ex
post fashion (after graduation), but the incidence is much more equal than
ex ante subsidies (while studying) because only the graduates with very low
life-time incomes receive income protection rather than all graduates. Sec-
ond, the equity participation model potentially distorts education choices
and labor supply decisions because income insurance and redistribution of
incomes cannot be completely separated. One could also say that redistri-
bution causes a moral hazard problem because it reduces labor supply and
distorts education choices. In order to mitigate the adverse consequences
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of redistribution of incomes, the government may again limit the repayment
burden on graduates, e.g. through an opting out provision, see also Nerlove
(1972).

A subsidy is a second-best means to resolve the capital market imperfec-
tion. Giving grants that are independent of financial needs, is not an efficient
policy. Students without funding problems, because they have sufficiently
high (parental) incomes, or can obtain finance themselves in the capital mar-
ket, also receive education subsidies, see Oosterbeek (1998). More targeted
education subsidies may partially resolve this issue. But, this is not free ei-
ther. Income dependent grants distort incentives for parents to save for their
children’s education, see Edlin (1993) and Feldstein (1995). Further, subsi-
dies may result in enrollment of too many ‘marginal students’, i.e., students
with insufficient academic abilities.

Education subsidies are also a second-best means to resolve the insur-
ance market imperfection. Subsidies are an highly ineffective instrument to
combat risk aversion, because subsidies do not reduce the spread in future
earnings. Subsidies should therefore be very large in order to induce risk
averse graduates (with sufficiently high returns) to enroll in education, see
also Jacobs and Van Wijnbergen (2002). Second, also the graduates that
do not need income protection (because they have sufficiently safe incomes)
receive education subsidies.

Furthermore, since in principle no additional subsidies are needed for an
equity participation scheme, some other general advantages of an equity par-
ticipation scheme over subsidies exist. First, subsidies cause welfare losses
because the government has to rely on distortionary taxation to finance sub-
sidies. Second, education subsidies redistribute incomes from poor to rich.

Many authors have advocated education finance based on loans with in-
surance elements like an ICL system or an equity participation scheme such
as a GT, see e.g. Friedman (1962), Nerlove (1972, 1975), Barr (1991, 1993),
Chapman (1997), Oosterbeek (1994, 1998) and Van Wijnbergen (1998). The
advantages compared to education subsidies are summarized as follows:

• Students receive funds on the basis of their needs without distorting
savings decisions of parents;

• Student are confronted more with the real costs of education so that
‘marginal students’ do not enroll;

• Government resources are allocated more efficiently because resources
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are not transferred to students that have no funding problems or do
not encounter problems in repaying their debts;

• Deadweight losses of financing education subsidies are avoided;

• Redistribution of incomes in the wrong direction is avoided. All redis-
tributions go from either the lucky graduates or the average tax payer
to unlucky graduates;

• Equality of opportunity is warranted since everyone can obtain funds
to finance education at the same conditions independently from back-
ground conditions;

• Risk aversion is largely avoided because graduates do not need to repay
anything when they are not able to do so.

As we noted before there are two disadvantages of ICL and GT’s to be
taken into account:

• Asymmetric information between students and the government may
cause problems with moral hazard and adverse selection.

• Any pooling system of income risks also entails redistribution which
implies that there are potential efficiency losses since labor supply of
graduates and education choices are distorted.

We analyze the financial consequences of a switch to an GT/ICL system
that (partially) replaces education subsidies. We derive the repayment condi-
tions for individual students, the distributional consequences and the effects
on public expenditures. The general motivation is that education subsidies
are inefficient in resolving capital and insurance market imperfections and
that the financing system of higher education can be more efficient. I.e.,
whatever the level of education subsidies, accessibility of education can be
warranted at lower public costs. Clearly, there is also an equity gain if the
regime switch is accompanied by an increase in private contributions or if ex
ante subsidies are replaced by ex post subsidies. We take into account the
disadvantages on labor supply behavior. We can only qualitatively analyze
the role of moral hazard and adverse selection effects. Lacking empirical
evidence on these matters impedes a thorough quantitative assessment.
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At the outset we remark that this analysis does not discuss differentiation
of educational costs. I.e., we do not allow for differentiation in repayment
conditions according to field of study. There can be advantages of tuition
fee differentiation, however, see Nerlove (1972) and CPB (2002) for a more
elaborate discussion on these matters.

We compute the repayment conditions and the insurance aspects of these
financing schemes. To that end we estimate the life-time earning capacity
of graduates. Only by knowing the earning capacity of graduates we can
assess to what extent graduates are able to bear some of the costs of higher
education. Additionally, we construct risk classes in incomes so as to incor-
porate the uncertainties of future wages. These risk classes are derived from
estimated standard deviations of the wage profiles. This allows us to assess
the insurance aspects of the proposed education finance regimes.

This Chapter is related to some studies that attempt to quantify the con-
sequences of increases in private contributions to higher education. First,
there is a policy report by Rinnooy Kan, Moerland and Kapteyn (1988)
(RMK). The purpose of that policy analysis was to investigate the conse-
quences of replacing the (income dependent) grants by annuity type of loans
provided by banks in the private sector. In this proposal, banks are compen-
sated for the costs of default, the so called social risk, in order to make such
a policy shift attractive to the private sector. The main focus of this anal-
ysis was to estimate the amount of compensation that private banks would
receive. They found that the fraction of debt that would not be repaid was
about 6%. This policy proposal was never implemented. Strange enough,
this well documented study disappeared from policy discussions on education
finance reform.

Although we follow largely the same lines as RMK, our analysis differs
in some important aspects. First of all, we analyze the consequences of
raising private contributions that are possibly much larger than studied by
RMK. This has important consequences for the risks of default, and thereby
on repayment conditions. Second, RMK only analyze increases in private
contributions with the annuity type of loan system that we currently have
and do not consider ICL’s or GT’s. They do investigate the option however
to increase the repayment period to 25 years, and they find that the fraction
of debt that is not repaid falls about 50%. Further, they raise the option to
include a solidarity premium on interest rates for loans so as to increase the
insurance characteristics of the loan system. We investigate the consequences
of such a solidarity premium.
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Second, Barr and Falkingham (1994) analyze the consequences of an
ICL/GT system in the UK on the basis of a numerical model (LIFEMOD)
with heterogeneous agents. Their main contribution is to show the various
ways how increases in private contributions can be achieved. They find that
an ICL/GT system protects individuals from high repayment burdens and
about 90% of total borrowing is repaid under an ICL compared with 80%
under a mortgage type of loan scheme. The drawback of their analysis is that
they only consider loans of limited size (1000 UK pounds). Consequently,
we do not gain insight in the tax burdens that individuals face if they paid
full (or partly subsidized) tuition. Repayment behavior changes when larger
loans are needed to finance education.

Third, experiences with the Australian Higher Education Contribution
Scheme (HECS) provide information on the consequences of increasing pri-
vate contributions. Chapman (1997), and CPB (2001a) extensively discuss
the effects of HECS. In HECS graduates pay around 23% of the direct costs
of education. Students have to option to pay (differentiated) tuition fees
up-front or to defer fees. In the latter case graduates repay a (increasing)
fraction of their incomes while working. The government, i.e., the aver-
age tax payer bears the costs of default. The introduction of HECS had
no important effects upon enrollment even for students with disadvantaged
backgrounds. Furthermore, almost all outstanding debts were repaid, so that
costs of default were minor.

The setup of this Chapter is as follows. We start with a discussion of ICL
and GT schemes of education finance in sections 2 and 3. Sections 4 and 5 are
devoted to the derivation of the present value of the earnings of graduates
and to the costs of education, respectively. In section 6 we describe our
measures for income uncertainty. In section 7 we discuss some consequences
of an GT/ICL for redistribution and its associated dead weight losses. In
sections 8, 9, and 10 we discuss the consequences of introducing a pure loan
system, a GT and an ICL system, respectively. In section 11 we discuss some
economic aspects of ICL’s or GT’s. In section 12 we conclude. An appendix
at the end contains a description of the data used in the Chapter and the
empirical analysis underlying the simulation model.
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6.2 Defining graduate taxes and income con-

tingent loans

To start our discussion we introduce some background definitions. There
seems to be a lot of confusion on what an ICL system really is, and the same
holds for a GT system. To avoid this confusion we precisely define what is
and what is not an ICL or GT system. As becomes clear later on, the GT can
be seen as a special case of an ICL system. There are two essential elements
in both systems, as explained in the introduction: the loan or equity element
and the insurance element to insure income risks.

The basic idea of an ICL is that students borrow the funds from the
government to cover the costs of tuition and (partly) the costs of living while
enrolled in education. Costs education are deferred to the stage in life where
graduates start to earn income. When graduates start to work they repay a
(potentially differentiated) fraction of earned incomes to cover the costs of
their loan including interest. This repayment rate may differ according to
the length of the study, costs of the study, et cetera.

For a proper working of any GT or ICL the repayment rate should be
differentiated according to length of enrollment. Clearly, also students that
do not graduate earn a positive return on the years enrolled in education, see
also Groot and Oosterbeek (1994).2 Making repayment obligations dependent
on whether graduates receive their diploma or not will for sure give problems
with moral hazard. E.g. students may actually do the entire curriculum
needed to graduate, but never collect their diplomas. In our analysis, we
do not consider differentiation of repayment rates according to enrollment
duration, because all graduates are assumed to be enrolled for the same time.
The costs of drop-outs are taken into account in indirect fashion because
graduates are assumed to be enrolled for a longer time than the nominal
duration of their education.

Some of the graduates may not repay the complete principal and interest,
so that default occurs. The crucial difference with an ordinary loan is that
the risks of non-repayment are bounded for student. This is the insurance
element. There are in general two ways of protecting students against default:
risk pooling among students and risk shifting to society.

First, risk pooling is an insurance system, where risks of default are shared

2Groot and Oosterbeek (1994) interpret the positive returns to education of drop-outs
as evidence against the screening hypothesis.

172



Chapter 6 Education Finance Reform

among graduates. The interest rate on the loans contains a premium to cover
the costs of ‘default’ of those who are not able to repay. Therefore, students
who succeed in repaying their loan are paying the costs of nonrepayment of
those who fail. Consequently, there is redistribution from the lucky students
to the unlucky students after graduation. Individuals who cannot repay their
loan because they have insufficient incomes are not obliged to repay the loan.

Second, under risk shifting, the default risks are borne by society as a
whole as in the Australian HECS system. In that case there is in principle
no redistribution from the lucky to the unlucky students, except for the fact
that the lucky students contribute via their tax payments to the government
budget from which the costs of default are funded. Note that now tax fi-
nanced education subsidies are still entering the education system, but in an
ex post fashion. These subsidies are not given when students are studying
(ex ante), but only after graduation when they are not able to repay their
debts.

Under a GT system every graduate receives an amount of resources, eq-
uity. Graduates retain a (potentially differentiated) fraction of their incomes
and pay a fraction of their life-time incomes to the government as dividends:
the graduate tax. Repayments under a GT may (far) exceed initial funds (in-
cluding interest). Therefore, contributions by graduates with high incomes
under a GT system are relatively larger than under an ICL scheme and there
is more insurance and redistribution. From the individual perspective, there
is therefore no link between the amount of equity received and the total
repayments. This is not the case with an ICL system.

In our opinion, the crucial difference between a GT and an ICL system
is related to the amount of insurance and/or income protection. The GT
offers relatively more insurance (or redistribution) than the ICL. In an ICL
system, the graduates with high enough incomes stop their repayments when
they have repaid their debts including interest and default premiums. This
is not so under a graduate tax.

A semantic confusion may also arise to what extent an ICL or GT may
be called equity participation models. Friedman and Kuznetz (1945) were
the first to express the problem of financing education with explicit reference
to equity:

“Investment in professional training will not necessarily be pushed
to the margin because earning power is seldom explicitly treated
as an asset to be capitalized and sold to others by the issuance
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of “stock”. [...] if individuals sold “stock” in themselves, i.e.,
obligated themselves to pay a fixed proportion of future earnings,
investors could “diversify” their holdings and balance capital ap-
preciations against capital losses.” Friedman and Kuznets (1945,
p.90).3

With an equity contract there is no limit on the dividends that graduates
pay out to the government similar to stocks. Since there is an upward limit
on contributions to an ICL system, as with ordinary loan contracts, only
systems of a graduate tax can be called equity participation models. How-
ever, an ICL is not exactly like an ordinary loan, because it also has equity
elements when income risks are pooled, solidarity premiums are included and
default risks are not shifted to society. One can say that an ICL is a hybrid
contract: a combination of an ordinary debt contract and an equity contract.
Consequently, the Australian HECS is, strictly speaking, not an equity par-
ticipation model, first of all because default risks are borne by society rather
than shared amongst graduates. Second, repayment obligations in HECS are
limited and there is no insurance/solidarity aspect involved.

Confusion may also arise about other characteristics of the education fi-
nance regimes. First, throughout we only consider so called fully funded
schemes of education finance. That is, we assume that the education finance
scheme does not imply income redistribution between age-cohorts. The gov-
ernment provides funds to students by issuing government debt. With the
repayments of the graduates the government repays it’s debt in full. This
is analogue to a fully funded pension system. Occasionally, proponents of a
graduate system have suggested a ‘pay-as-you-work’ system where the cur-
rently working graduates finance costs of the currently studying. In our
opinion this intergenerational link is not essential for a GT system. How-
ever, this way of financing education generally implies income redistribution
from the older to the younger generations if the real interest rate is higher
than the growth rate of students enrolling in higher education. Only in case
the real interest rate is equal to the growth rate of enrollment in education,
this system is intergenerationally neutral. We do not see convincing argu-
ments to incorporate elements of obligatory intergenerational redistribution
in the system of education finance.

Second, most proposals of an ICL system seem to be based on voluntary
participation by students, whereas most proposals of GT’s seem to be based

3Later Friedman restated this in similar words, see footnote 6 in the previous Chapter.
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on obligatory participation. However, one can easily implement voluntary
GT’s and obligatory ICL’s, so this is not a vital difference. We shall ini-
tially assume that participation in both an ICL system and the GT system
is voluntary. Later we discuss the economic motivations (notably adverse
selection) to make the system of education finance obligatory.

Third, the size of the loan or the amount of equity, may be chosen by
graduates themselves or may be determined by the government. In our anal-
ysis we initially assume that the size of the amount of resources available to
graduates is set by the government for every student at the current levels of
support for students, i.e., the level that is determined by the size of the basic
grant, the average level of the income dependent grant, travelling subsidies
(OV-kaart) and the institutional costs of education. However, we also present
some analyses where the size of funds made available to students is increased
or decreased. Later we also discuss the economic reasons for restricting the
amount of funds made available to students.

6.3 A mathematical model

In order to clarify the important mechanisms at work we now set up a model
of education finance that serves as the basis of the analysis in this Chapter.
This allows us to highlight the consequences of the financing regimes.

6.3.1 Income contingent loans

Let the principal for graduate n of the loan in an ICL be denotedDn (in thou-
sands of euros). Students repay a constant fraction of income when working.
In this study, we take into account that medical and technical studies have
longer duration, so that Dn is larger for those who have longer education
tracks. We also differentiate between higher vocational and university edu-
cation. However, within each education type we assume that Dn is equal for
all graduates. This assumption corresponds to the flat tuition fees that we
currently have in higher education in the Netherlands. For the theoretical
exposition, we assume that D is equal for all graduates.4

4There are clear economic arguments to differentiate tuition costs, and therefore the
repayment rates, between the various subjects, see for example Nerlove (1972). Egalitarian
motives seem to be at the heart of the arguments against differentiation of tuition costs.
We do not want to get involved here in a discussion on the advantages and disadvantages
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In an ICL, the principal including interest is repaid in income contingent
fashion. When working, graduates pay a constant fraction τ of their income
w, for the repayment of interest and principal. A flat repayment rate implies
that repayments of all graduates are treated the same whatever the type
of education they pursued. The important difference between the two is
that potentially not only cross-subsidies are introduced between graduates of
different subjects (as with flat tuition fees), but also cross subsidies from high
to low return studies if interest rates contain a default/solidarity premium,
which contributes to the insurance of risks.

The repayment RT in year T equals τwT .5 Repayments start in year
t and continue to year T ∗. r is the real interest rate. When the present
value of repayments in year T , τWT ≡

∑T
a=t

τwa

(1+r)a−t , exceeds a level of 1+
δ times the value of the loan, repayments are stopped. This is the opting
out provision that limits the amount of insurance and redistributions which
may be introduced to avoid moral hazard or adverse selection effects, see also
Nerlove (1972). An opting out provision implies that there is a maximum on
the contributions by graduates.

Hence, in mathematical terms the repayment scheme can be expressed as
follows:

RT = τwT , τWT < (1 + δ)D

RT = 0, τWT ≥ (1 + δ)D. (6.1)

These equations state formally that the graduate makes a repayment as long
as the present value of repayments is below the present value of debts in-
cluding the opting out parameter δ. One could also allow for a lower bound
on income below which graduates do not have repay anything. We abstract
from the possibility that graduates repay their debt quicker than necessary.

We can say that δ is a measure for the default or insurance premium for
the certainty that students do not have to repay debts when they cannot
do so because their incomes are too low. This can be seen as follows. The

of differentiation of tuition costs.
5The repayment rate τ may depend on actual income earned τ = τ(w). If repayment

rate increases with income we have that dτ/dw > 0. This is the case in the Australian
system. In the remainder we assume that the repayment rate is flat.
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repayment scheme can be written in (almost) equivalent form as:6

RT = τwT ,

T∑
a=t

τwa
(1 + δ)(1 + r)a−t

≡
T∑
a=t

τwa
(1 + r + ρ)a−t

< D

RT = 0,
T∑
a=t

τwa
(1 + δ)(1 + r)a−t

≡
T∑
a=t

τwa
(1 + r + ρ)a−t

≥ D, (6.2)

where ρ is the so called default premium on loans. The default premium
on top of the interest rate makes the effective interest rate higher, so that
it takes longer to repay the loan. The graduates who do repay fully, pay
more than loan plus interest, so that costs of default can be covered. Conse-
quently, including a default premium in an ICL is economically the inverse
of an opting-out provision. The lower is δ the quicker high income earning
graduates leave the system and the less insurance/redistribution takes place
so that ρ is effectively lower.

As mentioned already in the introduction, income redistribution and in-
surance of default risks cannot be separated. The reason is that ex ante
insurance requires ex post redistribution of incomes from lucky to unlucky
graduates. This inevitably also causes redistribution from high ability grad-
uates to low ability graduates, but also redistribution from graduates that
pursued high earning types of education (e.g. law and economics) to gradu-
ates that have chosen low earning subjects (e.g. arts, languages).

ρ can also be interpreted as a ‘solidarity’ premium. Apart from the risks
of default that are covered by ρ, there is also income redistribution. Rinnooy
Kan et al. (1988) suggest to investigate the consequences of such a solidarity
premium on loans by students. This can be done by analyzing the effects of
increases in ρ for repayment rates, social risks and so on.

In the numerical calculations later on we use this last representation of
the repayment scheme with a default premium ρ, since ρ has a more intuitive
economic interpretation than δ. For the theoretical exposition, however, the
formulation in terms of δ is more easy. We note that there is a strictly
positive relation between δ and ρ

As a theoretical benchmark we can construct a pure loan system if δ = 0
(ρ = 0) and if the repayment rate τn can be varied for each student the
system. Then only the principal (including interest) is repaid. This is an

6Note that differences in repayments in these systems emerge because the timing mat-
ters.
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artificial construct, however, since in reality repayment rates τ cannot be
made contingent on individual incomes. This construct allows us to estimate
the repayment burden (as a fraction of life-time incomes) on graduates when
private contributions are increased and have to be self financed. The insur-
ance element is completely absent because there is no redistribution from
the graduates that succeed to repay their loan, to the graduates who do not
succeed to do so. Nor is there an aggregate loss of default if the government
can vary the repayment schedule, i.e., the tax rate, for each student, provided
that life-time earnings are always higher than outstanding loans.

The notable difference with the annuity-type of loan system, which we
currently have in the Netherlands, is that the repayment schedule is different.
In the annuity system repayments are a constant amount during a fixed
period of time (15 years). In our repayment schedule the repayments are a
constant fraction of income (τ) during a fixed period of time.

We have an ICL system with full risk-shifting if δ = 0 (ρ = 0) and the
repayment rate τ is set at some arbitrary level and is equal for all students.
Then, only the principal (including interest) is repaid. If the students cannot
repay the costs of their education the system makes a loss that is borne by
society. Suppose that we have N students and they borrow amounts D, but
differ in their wage incomes wna . The students that are not able to repay their
loan in full are indexed 1...N̄ . The present value of the loss of the system L
is then given by:

L =

(
τ

N̄∑
n=1

W n − N̄D

)
+

(
τ

N∑
n=N̄

W n − (N − N̄)D

)

= τ
N̄∑
n=1

W n − N̄D, (6.3)

where W n ≡
∑T ∗

a=t
wn

a

(1+r)a−t is the discounted value of life-time earnings of
graduate n. The first term in the first line measures the total costs of default
for those who are not able to repay in full. The second term gives the
contributions for the graduates who do repay in full. This term is equal to
zero.

For given repayment rate τ and earnings W n, savings on government
expenditures diminish if private contributions are increased. On the one
hand increasing private contributions increases the average level of debts D
since students are confronted more with the costs. However, this also implies
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that the loss of the system L increases since more students are not able to
repay their debts in full, i.e., N̄ increases.7 (The first term in in the first
line becomes larger). Although there is always a gain by raising private
contributions, this gain is lowered at higher levels of private funding because
lowering ex ante subsidies (higher D) increases ex post subsidies (lower L)
on education.

Replacing ex ante subsidies with ex post subsidies makes the resulting
distribution of incomes more equal. Ex ante subsidies are given to all stu-
dents, whether they have high incomes or not during their working lives.
However, only graduates who are not able to repay their debts see their debt
remitted so only the ‘poor’ graduates benefit from ex post subsidies.

If δ (ρ) is in an intermediate range, δ > 0 (ρ > 0), we speak of an ICL
system with (partial) risk pooling. Repayments for graduates who have paid
1 + δ times the value of debt during their working lives are stopped. If, after
the repayment period some graduates have not repaid 1+ δ times their debt,
the outstanding debt is remitted. As those who succeed to repay their loan,
pay more than principal plus interest, funds are raised so as to cover for the
costs of those graduates whose outstanding debts are remitted.

For a full risk pooling system, both the opting out parameter δ (ρ) and the
tax rate τ must simultaneously keep the books of the ICL system balanced.
This is the case if total repayments of those who are able to repay debts,
plus the repayments of those who eventually fail, equal the value of total
outstanding debts:

(1 + δ)(N − N̄)D + τ
N̄∑
n=1

W n = ND. (6.4)

In order to illustrate the relation between the opting out parameter and
the tax-rate we normalize debt at unity, D = 1. The repayment rate then
satisfies:

τ =
1− δ

(
N
N̄
− 1
)

1
N̄

∑N̄
n=1W

n
. (6.5)

The repayment rate is lower if there are more graduates repaying their debts,
i.e., when N/N̄ is higher. The repayment rate is higher if the average incomes
of the defaulters decrease, i.e., when the denominator is lower. The effect of

7We assume that there are no positive or adverse selection effects that changes the
number of students N.
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a increase in the opting out parameter δ is that the graduates pay relatively
more of their incomes to repay their debt. Therefore, the tax rate must
decrease. However, a decrease in δ has the additional composition effect
that there are more costs of default because the number of defaulters also
decreases for given N .8 Repayment obligations are more strict. Therefore,
the repayment rate increases because of this composition effect. Finally,
the average incomes of the remaining defaulters are higher, if more agents
default, so that the repayment rate must decrease on that account.

A combination of risk pooling and risk shifting occurs where δ > 0 (ρ > 0)
and the tax rate parameter τ are set such that the books of the system do
not balance and part of the default losses are borne by society. In that case
the total loss is given by:

L = ND − (1 + δ)(N − N̄)D − τ
N̄∑
n=1

W n, (6.6)

where the first term is the present value of outstanding debts, the second term
gives the repayments of those who do not default, and the last term denotes
the repayments of those who cannot repay in full. Similarly to the system
with full risk-shifting, in a system with partial risk-shifting raising private
contributions will only yield savings on government outlays at diminishing
rate because reducing ex ante subsidies (higher D) increase ex post subsidies
(lower L). Notwithstanding that ex post subsidies are more equitable since
these are only given to graduates with low incomes.

6.3.2 Graduate taxes

Similarly as in an ICL, let the amount of equity be denoted D (in thousands
of euros). Students repay a constant fraction of income when working. In an
GT, graduates pay a constant fraction τ of their income w. The government
may balance the books of the graduate tax by choosing τ so that no costs
of default occur. The repayment scheme is now somewhat simpler than an
ICL, i.e., RT in year T equals τwT for all T . Repayments are never stopped.
Hence, in mathematical terms the repayment scheme can be expressed as
follows:

RT = τwT . (6.7)

8Again, potential behavioral responses are induced such as positive and adverse selec-
tion effects, and moral hazard. This changes N and the risk-characteristics in the system.
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Clearly, exactly a graduate tax repayment scheme results if we let δ (ρ)
go to infinity in the ICL scheme. In that case, graduates have to repay a frac-
tion of their incomes during their whole lives because they never reach the
threshold when the repayments are stopped. Therefore, the graduate tax is
a special case of the income contingent loan system where the solidarity pre-
mium is very high. A graduate tax entails more insurance/redistribution than
an income contingent loan where the default/solidarity premium is bounded.

In case of a GT with full risk pooling, the tax rate in a graduate tax
system τ is determined simply so as to equate the total repayments to the
total costs of government debts that were created to proceed the graduates
with equity D, i.e., L = 0 and

τ
N∑
n=1

W n = ND. (6.8)

So that the graduate tax rate equals:

τ =
ND∑N
n=1W

n
. (6.9)

From the last equation follows that the larger is the average value of life
time income of a graduate - the denominator -, the lower is the graduate tax
needed to balance the books.

If τ is not set so as to balance the books of the system, there is always
a combination of risk pooling and risk shifting, i.e., a GT with (partial) risk
shifting. Similarly as before, we derive that the social loss is given by:

L = ND − τ

N∑
n=1

W n. (6.10)

For given repayment rate and life-time earnings, increasing private contri-
butions yield diminishing savings on government expenditures, because they
increase the total loss of the graduate tax system if D gets higher.

6.4 Earning capacities of graduates

To analyze various policy options to raise individual contributions to higher
education, we need to determine the earning capacity of graduated students.
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The reason for doing so is that we want to compute tax and repayment rates
for various financing models. Therefore, we need to relate the costs of ed-
ucation to the life-time incomes of graduates later on. We measure earning
capacity by the present value of life-time labor earnings (PV ). Only by know-
ing how much students earn after graduation we can assess the consequences
of various systems of education finance.

We base our calculations of life-time earnings on empirically estimated
earnings profiles of graduates. We estimated standard OLS regressions of 4-th
order polynomial age-earnings profiles with fixed effects for every education
type, separately for men, women, higher vocational, and university training.
Based on our estimated coefficients we are able to simulate an age earnings
profile for a male or female worker with a particular type and subject of
education. We use the estimated coefficients to predict the yearly incomes
of graduates as follows:

lnwe = ln(ŵagee) = ĉonst+
8−1∑
j=1

α̂jdumj +
Z∑
z=1

β̂ze
z, (6.11)

where a hat denotes an estimate. α̂j is the estimated fixed effect for education

type j and β̂z is the estimated coefficient for the z-th power of experience.
As such, we obtain predicted wages for an individual with experience e. We
then transformed the predicted wages at experience e to predicted wages at
age a using the relations between experience and age.9

In figures 6.1 and 6.2 we plot the estimated wage profiles for the various
education categories. Estimated coefficients are such that the familiar age-
earnings profiles follow. Profiles are consistent with the literature, see e.g.
Becker (1993), Murphy and Welch (1992). I.e., profiles are roughly concave:
earnings increase over time at decreasing rates. Details of the estimations
and the data that are used can be found in the appendix at the end.

There are differences between the different types of education, between
men and women, and between higher vocational and university education.
First, between the various types of education we can see a pattern. From
the constants in our estimations follows that economics law and technical
education types have higher earnings for both men and women. Then follow
the other subjects with cultural and languages and arts studies at the bottom.

9E.g. a = e+22 if graduates have higher vocational education. Similar transformations
apply to university educated graduates: a = e + 24 for β-types of education, a = e + 25
for medical types of education and a = e+ 23 for other types of education.

182



Chapter 6 Education Finance Reform

Figure 6.1: Wage profiles higher vocational studies
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Second, the differences between men and women are quite striking. Men have
systematically steeper earnings profiles. Women experience that their wage
increases level off earlier over the life-cycle. Third, the shapes of the wage
profiles differ importantly between higher vocational and university training,
because the latter are much steeper. Average wages are therefore lower for
higher vocational compared to university education.

So far we assumed that graduates worked full-time over the entire life-
cycle. In reality this is not the case. We therefore have to correct the esti-
mated life-time earnings for these labor supply effects. Since some graduates
do not work full-time or do not participate, their present value of life-time
earnings falls.

We adjust the PV of earnings evaluated at age a for labor supply effects
by simply correcting earnings in each year with a factor Λi,s,j,a in year a. We
define this correction factor as follows:

Λi,s,j,a ≡ Li,s,jLi,s,apri,s,aIpra. (6.12)

If a graduate participates in the labor market, Li,s,j denotes an index of labor
supply of a worker with education level i, gender s and education type j. If
Li,s,j = 1 people work full-time. Similarly, Li,s,a denotes an index of labor
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Figure 6.2: Wage profiles university studies
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supply of a worker with education level i of gender s as of age a.10 Not
all graduates participate in the labor market however. We correct for this
by multiplying with pri,s,a which denotes the participation rate in the labor
force (lies between 0 and 1) of a worker with education type i, which is only
disaggregated in higher vocational and university education as of age a. Ipra
is the index of labor force participation as of age a. We use this index (1997
= 1) to correct for projected growth in participation rates in the next 20
years. The last index is also only dependent on age and not differentiated
between the various types and levels of education. Tables of the data that
were used and more details can be found in the appendix.11

We make two important assumptions with respect to the index of labor
force participation. First, if agents are younger than 25 years old, we assume
that the index takes the value of a 26 year old agent. The reason is that in our

10We can only use the averages over each group (age/or education type) because of data
restrictions. This procedure is valid if life-cycle effects in hours worked are independent
from the education type j.

11In a previous version of this Chapter we also corrected for mortality, but this correction
did not affect any of our results because mortality rates are simply too low to have any
significant effects.
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numerical calculations later on we assume that higher vocational graduates
enter the labor force at age 22, and university graduates at 23 years of age.
Applying official statistics at these ages is inappropriate since statistics on
labor force participation rates suggest very low participation rates at these
ages, but this is exactly because many young people are still in college, i.e.,
not all graduates leave higher education at 22 or 23 years of age.

The second assumption is that the participation index remains constant
after age 55 at the level of age 55. Clearly, by all measures labor force
attachment of the older workers falls sharply after 55 years of age. This does
not imply that incomes of these workers incomes decrease in the same way as
their labor supply and participation rates. The reason is that older workers
participate in retire early schemes, disability benefits, take up their pensions,
etc. Incomes remain therefore fairly high - presumably at levels comparable
to a worker of 55 years old. We assume that incomes until the age of 65 are
in principle subject to the GT or that repayment obligations under an ICL
system continue even when some kind of social benefit is collected.12

We further assume that participation decisions do not affect the slopes
of the age-earnings profiles. This is correct if age-earnings profiles are not
affected by labor supply decisions. However, these profiles are expected to
differ as a consequence labor supply decisions. The earnings profiles have
been ‘corrected’ for life-cycle labor supply effects as a result of the expe-
rience terms (age). The profiles are not corrected for differences in hourly
labor supply and participation rates. We cannot easily correct the wage pro-
files for labor supply and participation decisions because labor supply and
participation rates are endogenous regressors in an estimation with the wage
as dependent variable. In general it is only possible to correct for this by
estimating of a more structural model where this endogeneity is taken into
account. This is beyond the scope of this research.

A number of assumptions must be made before turning to the calculations
of the PV of life-time earnings. Given the fact that our estimates are based
on a cross-section of wages we have to be careful in transforming the cross-
sectional profiles into time-series profiles. The most important reason why
cross-sections differ from time-series is the fact that there is wage growth due
to technological progress (amongst other things), see also Becker (1993).13

12In principle, also pension incomes may be subject to the GT/ICL schemes, because
pension incomes are dependent on earned labor incomes.

13Becker (1993) also mentions business cycles, trends in supply of educated workers, and
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There is a stable increase in real wages over time of about 2% per annum. A
calculation of the PV solely based on the cross-sectional estimates neglects
this exogenous wage growth and will therefore under estimate the true PV.

In the remainder we present calculations based on various assumptions
on the growth of wages. For the base calculations we use a rate of growth g
= .02. This is approximately the real long-run wage growth.14 Skill biased
technological progress, for example due to the ICT-revolution, may further
increase real wage growth for higher educated workers so that higher wage
growth is a possibility to investigate. We consider cases of g = .01 and
g = .03 as robustness checks.

A similar problem arises concerning the real discount factor that is used
in the PV calculations. As is well known, the discount factor influences the
outcomes to considerable extent. One may use a real risk free discount rate
of r = .04 according to the official guidelines for government investments in
the Netherlands. However, the real long-run return on government bonds in
the 20th century is about 2-3% per year, see also table 6.1. In recent years,
real returns have increased way beyond the centuries’ average to about 4%
or more, depending on the various sources. The question is whether a real
interest rate equal to 4% is appropriate in light of the relatively low long-run
real return on government bonds. For our base-line calculations we use a
value equal to r = .03. However, we also present robustness checks for lower
and higher real discount rates.

Furthermore, we possibly need to apply a risk-premium on top of the
risk-free discount rate. The reason is that the government buys ‘shares’ in
graduates’ human capital. Since the returns on these shares are not risk-
free due to macroeconomic shocks, the average tax-payer is confronted with
uncertainty in revenues from the education financing system. In principle this

occupation or life-cycle employment changes (p.231).
14Annual wage growth in the post-war years was around 3%, but this caused a steady

increase in the labor income share. We do not expect that wage growth will increase at this
pace. Statistics Netherlands (1998) gives a gross hourly wage rate for the private sector
equal to EUR 0.5 in 1950 and EUR 10.0 in 1993. The consumer price indices in these
years were 19 and 109 respectively (base year = 1990). Real exponential wage growth
follows from:

g =
log
(

W93
P93

/W50
P50

)
93− 50

=
log
(

W93
P93

P90/
W50
P50

P90

)
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=
log
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W93
P93

)
− log
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P50

)
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= .03.
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Table 6.1: Real returns on government bonds

Fase, 1997 (1952-1973) 0
Fase, 1997 (1974-1995) .033
Fase, 1997 (1952-1995) .016
Eicholtz et al., 2000 (1960-1980) -.017
Eicholtz et al., 2000 (1980-2000) .059
Eicholtz et al., 2000 (1900-2000) .013
Van Ewijk et al., 2002 (1900-2000) .033
Van Ewijk et al., 2002 (1951-2000) .026
Van Ewijk et al., 2002 (1981-2000) .048

uncertainty government revenues needs to be valued, see also Van Ewijk and
Tang (2000b). If all individual income risks can be diversified (pooled) at the
national level, there is no macro-economic uncertainty so that the required
risk-premium is zero. However, the presence of macro-economic shocks that
cannot be diversified at the national level requires a positive risk-premium.
We present robustness calculations with a positive risk-premium.

On the other hand one may argue that there is a negative covariance
between tax revenues (or government expenditures) and education. I.e., the
variability in tax revenues or government expenditures is reduced when peo-
ple become more educated, see also Gould et al. (2000). The reason is that
higher education are typically less dependent on social benefits, have shorter
spells of unemployment, and so on. This implies that a shift in tax rev-
enues from low-skilled workers, towards investments in high skilled workers
reduces the average risk of total tax revenues. Therefore, one may question
the appropriateness of using a risk-premium in our calculations to value the
uncertainties associated with the revenues from the financing scheme.

For our base-case scenario we do not use a risk-premium on the real
interest. I.e., we assume that the two effects described above cancel out
(i.e., systematic risks due to macroeconomic shocks and less variation in
tax revenues or government expenditures). We also present calculations for
the case in which we apply a risk premia of π = .01 and π = .02. An
obvious candidate for the value of the discount rate is the real return on
equity. However, the equity-premium on equity is around 6% or more for the
postwar period, see also Fase (1997) or Eicholtz et al. (2000). In our opinion,
this is way too high for a number of reasons. First, the government is able to
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smooth intergenerational risks associated with macroeconomic shocks, which
the private sector cannot. Second, non-diversifiable risks on the stock market
are arguably much larger for stocks than for labor incomes in view of the
relatively stable labor income share. A real risk-premium equal to π = .02
seems therefore reasonable as an upper bound.

We assume further that inflation does not erode real wages and thereby
the present value of life-time earnings. That is, we assume that nominal
wages are indexed to inflation. Since we estimated the age-earnings profiles
on the basis of a cross-section of wages we do not need to correct further for
the effects of inflation if we assume that the CPI’s for every age cohort are
the same.

Finally we assume that each graduate enters the labor market directly
after graduation and remains in the labor market until 65 years. We also
present some calculations in which the retirement age is increased to 70
years.

Given the assumptions made so far, we compute the expected PV of
earnings of workers with education level i, of gender s, with education type
j evaluated at age t. This is done according to the following formula:

PVt,i,s,j =
a=65∑
a=a∗

w∗
a,i,s,j(1 + g)a−t

(1 + r + π)a−t
, (6.13)

where w∗
a,i,s,j ≡ wa,i,s,jΛa,i,s,j. Note that a one percentage change in the

growth rate g, or interest rate r (risk-premium π) has an almost identical
effect on the PV .

Table 6.2 presents the computed PV ’s of earnings as of age 25, i.e., t = 25,
for the different types of education, gender and whether a higher vocational
or university type of education is followed. For all assumptions used in this
and all other calculations, we refer the reader to the list in the appendix.
First, from table 6.2 can be seen that the different subjects earn different
streams of incomes.15 Clearly, economics, technical, and law education have
the highest present value of life-time earnings for both higher vocational and
university education. Behavioral, social, arts and cultural types of education
are at the lowest end of the present value of earnings.

15Note that we do not make a social cost-benefit analysis here. This requires additional
estimations on foregone earnings that should be taken into account. Furthermore, we
potentially have to take into account of ability biases, the role of the tax system to evaluate
the private returns, et cetera. This is left for future research.
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Table 6.2: Present value of life-time earnings in thousands of euros

Men Women
Higher voc. University Higher voc. University

Agriculture 899 1209 446 676
Science 1121 612
Technical 1017 1296 415 863
Medical 792 1133 336 640
Economics 1053 1357 443 798
Law 868 1289 367 736
Beh. & soc. 794 905 360 545
Arts 546 285
Lang. & cult. 811 519
Teachers 770 365

It is apparent that differences in the present values of education can be
large, certainly for the behavioral, social, arts and cultural types of education
compared to economics and law. The differences between higher vocational
and university education are also large. University education pays off in
terms of income generally hundreds of thousands euros more than higher
vocational education. Men also seem to profit relatively more from doing a
university education than women. Further, the differences of the PV of life-
time earnings for men and women echo the estimation results that women
have less steep earnings profiles in addition to lower participation rates than
men. Differences between men and women are quite large reflecting mainly
labor force participation characteristics.

6.5 Costs of education

We need to compute the present value of the costs of education. As stated
before, we assume that all costs of tuition are evenly shared among grad-
uates. We do however distinguish between graduates from higher voca-
tional/university education and graduates with longer durations of their
education. Generally, students in low-cost education types cross-subsidize
students in high-cost education types. This is also the case in the current
system with flat tuition rates.

We confine the analysis solely to the direct costs for education and the
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Table 6.3: Yearly costs of education in thousands of euros

Costa Grantb Tuitionc

Higher vocational 4.5 3.384 1.0
University 3.9 3.554 1.1

Sources: Ministry of Education (2000, 2001b).

a) Average institutional cost per student, based on average costs per student (Ministry of Education, 2001b, pp. 61, 71).

b) Average outlays on basic grants, income dependent grants, travelling card (OV-kaart), partner and one-parent refunds,

and some other minor expenses (Ministry of Education, 2000b, p. 83).

c) Statutory tuition rates (Ministry of Education, 2000b, pp. 63, 73).

grants that are currently given to students to compensate for costs of living
and foregone earnings. We thus ignore the opportunity costs of education
that students incur while learning. Our purpose here is to relate current gov-
ernment outlays to future incomes of students. It is therefore not necessary
to derive opportunity costs for this calculation.

Further, we exclude costs of health care in university education, e.g. the
medical hospitals, that render the medical studies expensive. We do the
same for the expenditures on scientific research at universities, and arts at
higher vocational schools, e.g. arts academies, conservatories, acting schools,
etc. These types of education are heavily subsidized in addition to the stan-
dard government contributions. The reason for giving these subsidies are
presumed consumption and production externalities. In this research we do
not discuss the validity of subsidies to these subjects and assume that these
subsidies are also given when students pay a substantial fraction of the costs
of their education.

In order to relate the benefits of education to the costs of education we
have to assign present values of costs to various education types. Because
men and women are treated equally we only need to consider the present
value of the government expenditures per type of education, per student.
Costs of grants are evenly distributed among the various types of education,
and among higher vocational and university students.

The government provides students with (income dependent) grants, edu-
cation services that are below the cost price and pays for the student’s travel-
ling expenses, and some other relatively minor things. Table 6.3 summarizes
the costs per student per year for higher vocational studies and university
education.

We further estimate the average number of years that students are en-
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rolled in higher education. Both university and higher vocational education
have a nominal length of 4 years. In practice however students are enrolled
for a longer time. We assume that students are enrolled 5 years in higher ed-
ucation. Data from Statistics Netherlands (2000c, p.19) indicate that these
figures are a little too low for the cohorts that graduated in 1996/1997. How-
ever, the same figures show a clear trend that average duration of education
is falling over time.

Apart from the opportunity costs of education, students have to pay up-
front tuition fees. As such, students contribute to the financing of education.
However, we use a benchmark in our calculations where all costs are deferred
to later stages in life and tuition rates upon enrollment are zero. This is
similar to the Australian system if students choose to defer tuition fees. Fur-
thermore, we assume that all (income dependent) grants that are currently
given to students are replaced by loans/equity.

No external subsidies in the form of grants or below cost pricing of edu-
cation are given in the baseline scenario and all costs, both tuition and the
grants, are paid for by the students themselves in the future. The reason
for choosing this reference point is that it facilitates the comparisons of the
current system of education finance and income contingent systems of edu-
cation finance, where subsidies possibly enter in an ex post fashion, as was
explained before.

We calculated different financing schedules for various levels of education
subsidies s per student per year. The reason is that there is no need to
abolish all education subsidies. In the introduction we presented a number
of arguments in favor of education subsidies. We use 4 categories of education
subsidies as given in table 6.4. The zero subsidy regime corresponds to the
case where all current outlays on education (grants and institutional costs)
are replaced by loans/equity. The low, middle and high subsidy scenarios
correspond to 25%, 50% and 75% of current total outlays. In the current
system where the contribution on the part of students is 12% and 13% of the
direct outlays on education for higher vocational and university education
respectively.16

For the various subsidy regimes we have computed the yearly savings in

16These figures are derived as follows. We take the sum of grants and institutional
costs minus the own contributions by the students and divide this through the sum of
grants and institutional costs. For the share of government expenditures in total costs at
higher vocational education we get (4.5+3.884-1.0)/(4.5+3.884)=.88, and for university
education we get (3.9+3.554-1.1)/(3.9+3.554)=.87, see also table 6.3.
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Table 6.4: Education subsidies and level of funds (thousands of euros)

Subsidy level s Loan/equity D Average sa

H.voc. Univ. H.voc. Univ.
Zero 0 0 8.421 8.569 0
Low (25%) 2.105 2.142 6.325 6.426 2.119
Middle (50%) 4.210 4.285 4.210 4.285 4.237
High (75%) 6.315 6.426 2.105 2.142 6.355
Current system (88%) 7.377 7.434 0 0 7.398
a) Average subsidy computed using the relative number of students in higher vocational and university education as

weights.

Table 6.5: Savings on government outlays (EUR mln)

Subsidy Av. level Savings Total savings
(x1000 EUR) H.voc. Univ. H.voc + Univ.

Current 7.398 0 0 0
High 6.355 239 213 459
Middle 4.237 771 607 1393
Low 2.119 1304 1000 2327
Zero 0 1837 1393 3261
Note: Number of students enrolled: Higher vocational 282,000, University 158,800. Average cost per student: higher

vocational EUR 8,420 university EUR 8,569

government expenditures on education. In the remainder of the analysis we
do not consider various options to spend the free resources. The government
may want to use the proceeds for lower taxes or higher government expendi-
tures, or reduce government debt. A discussion on these matters is beyond
the scope of this research.

Table 6.5 shows the savings in government expenditure per year for the
various subsidy levels. Savings on government expenditures per year amount
to 459 million euros if the subsidies are lowered to EUR 6,355, and increase to
3261 million euros if students have to pay for everything and the government
stops subsidizing education.

We can derive the present value of costs (PVC ) of a student with educa-
tion type i and subject j analogously to the present value of future earnings:

PV Ct,i,j =
a=a∗∑
a=ao

(ca,i,j − si)(1 + g)a−t

(1 + r + π)a−t
. (6.14)
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Table 6.6: Present value of costs of education in thousands of euros
Higher voc. University

Agriculture 45 45
Science 54
Technical 45 54
Medical 45 62
Economics 45 45
Law 45 45
Beh. & soc. 45 45
Arts 45
Lang. & cult. 45
Teachers 45

where the present value of costs is denoted in values as of age t. ao denotes
the year in which the education is started and a∗ is the year in which the
education is ended. In our calculations we set ao for higher vocational studies
at ao = 17 years of age, and for university education at ao = 18 years of age.
As already discussed, we set a∗ = 22 for higher vocational education, a∗ = 24
for technical university education, a∗ = 25 for medical university education
and a∗ = 23 for other university education. s is the subsidy percentage on
total costs of education, assumed to be equal across the board.

We assume that costs also increase at a rate of g% per year. The reason is
that the main costs of education are wage payments to teachers, researchers,
and so on. Also a risk-premium in the costs may be included. Main costs
are wage costs in education that may be subject to similar risks as wages of
educated workers, which is the reason for including a risk-premium in the
calculations of the present value of earnings. Table 6.6 shows the present
values of costs per type of education. (Note that all present values are based
on discounting to age 25).

6.6 Income uncertainty

The crux of the proposed education finance regimes is that they provide in-
surance (at least partly) to graduates against the possibility that they cannot
pay back their loans. To analyze this uncertainty we have to know to what
extent uncertainty influences the expected earnings when graduated. In order
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to proxy for the effects of uncertainty we employ the standard deviation of the
residuals from the estimations to measure the spread of incomes around the
estimated wage-profile. A larger standard deviation in the residuals implies
that there is more unexplained variation in wages. Therefore, the standard
deviation is a potentially suited measure for income uncertainty. However,
deviations from mean incomes are of course also attributable to all factors we
omitted in the estimations, such as labor market conditions, personal char-
acteristics, etc. For our analysis this is not a problem because, in general,
the financing schemes cannot be conditioned on the omitted characteristics
such as individual abilities, or industries where people work, etc.17

This is a relatively crude method to cope with uncertainty in earnings.
Ideally one would like to employ panel data to determine income uncer-
tainty and income mobility effects. With the data at hand this is not doable.
Therefore, we cannot capture differences in earnings-profiles over the life-
cycle for various risk-classes, since this requires measures of income mobility
over time in the income distribution. One may correct for heterogeneity be-
tween different risk classes by employing, for example, quantile regressions
to capture differences in life-time wage profiles.18 However, a priori it is not
clear whether this is a correct procedure in light of the unmeasured mobility
effects.

Rinnooy Kan et al. (1988) compare the outcomes of an analysis based
on panel data and on a cross-section - as we employ here. They conclude
that both approaches yields quantitatively very similar results. So we do not
expect to bias the results to a great extent with our method.

A log-normal income distribution is a widely used approximation to the
real income distribution. Under the assumption that these residuals from our
estimations are normally distributed with mean zero and standard deviation
σε around the mean income along the estimated income profiles we generate
income classes depending on the distance from mean incomes. We divide

17Again, these deviations from the estimated age-earnings profiles are potentially en-
dogenous. The reason is that the slopes of the earnings profiles are affected by occupational
choices, abilities of graduates and so on. Only more sophisticated econometric techniques
can correct for this. We do not do this. The reason is that our wage profiles will still
on average reflect the wage profile of the graduates, which is the relevant variable in our
calculations. And, as already noted in the text, repayment schedules cannot be made
contingent on ability, occupation and so on.

18We did estimate quantile regressions for the five income categories used, but this only
marginally affected our results.
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our estimated profiles of each of our 32 profiles in quintiles. Each of which
contains 20% of the students. The lowest quintile has the 20% of the students
with the lowest incomes, the highest quintile contains the 20% of the students
with the highest incomes. In order to define the mean incomes in each of these
classes we make use of the properties of the standard normal distribution.
The mean income of the k-th, k = 1,...,5 class of students is defined as –
omitting education type and gender subscripts:

lnwak ≡ lnwa + σεΦ
−1((2k − 1)/10), (6.15)

where lnwak is the mean of predicted income at age a in class k, lnwa is
mean predicted income, and Φ−1 is the inverse of the cumulative standard
normal distribution with mean zero and unit variance.

The total number of categories of students has by now increased from 32
to 160. We therefore allow for heterogeneity between the sexes, higher voca-
tional and university education, and the various education types and within
all these categories due to uncertainty. In figure 6.3 we plotted estimated
wage profiles for the various classes for the economics education category.
We could also have taken any other education type, but this does not add
to our understanding because the fixed effects would only shift the profiles
of log(wages) linearly upwards or downwards so that the qualitative effects
remain the same.

6.7 Redistribution and tax distortions

There is potentially redistribution from high earning graduates towards low
earning graduates. Therefore, the distribution of the student body over the
different subjects matters. To capture these effects, we employ the number
of students enrolled in each education category. It happens to be the case
that the high earning types of education for men, economics, law, and tech-
nical studies, are very popular. For women we find that medical, social and
behavioral, economics, and law studies are the most popular. These numbers
suggest that students tend to choose the financially most beneficial subjects.
An exception is the teacher category that is relatively popular, but teachers
does not have very high life-time earnings. Table 6.7 shows the number of
students in the various education categories.

We take into account the potentially distortionary effect of both the GT
(and ICL) on life-time labor supply, which comprises hours worked and par-
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Figure 6.3: Wage profiles for different income quintiles
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Table 6.7: Number of students enrolled in 1997/98.

Men Women
Higher voc. University Higher voc. University

Agriculture 6100 2200 3200 1700
Science 8400 4400
Technical 44400 19100 7900 3900
Medical 5200 7700 20100 10800
Economics 29691a 17800 11603a 6300
Law 20209a 12100 24097a 13100
Beh. & soc. 9200 10200 30100 19400
Arts 7900 9500
Lang. & cult. 7700 14000
Teachers 16900 35900
Source: Statistics Netherlands (1999, p.9, p.12)

aNumbers of students enrolled in law and economics at the higher vocational level are calculated by weighting the total

number of students in these areas with the corresponding ratios of law (economics) to total number of students in law and

economics at the university level.
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ticipation effects. The graduate tax may also reduce post-initial schooling
efforts which result in a smaller effective tax base. Similarly, student may
increase tax avoidance activities by shifting income to the black circuit. All
these effects reduce the base of the income tax and thereby the base from
which repayments are funded. As a consequence, the government looses tax
revenues.

We have to note here that, from a welfare perspective, not the whole in-
crease in the tax burden can be viewed as a purely distortionary loss since the
system has insurance elements that cannot be fully regarded as an increase
in the average tax burden. If the repayment conditions were actuarially
fair, i.e., for every graduate there is no increase in the expected tax burden,
behavior does not change. Tax distortions only arise as a consequence of
inevitable redistribution. Therefore, one may interpret the welfare losses of
taxes computed here as a conservative upper-bound.

We assume that the effective marginal rate (θ) without the graduate tax
repayment equals 50%. This is the marginal rate in the second tax bracket
in the old tax system and corresponds closely to the top bracket in the new
tax system (52%). The marginal tax burden increases in the GT (and ICL)
systems, since students contribute to their education through the tax system.
For the computations of the revenue loss we assume an average tax rate equal
to 40%. Bovenberg and Cnossen (1998) estimate the effective average rate
on labor income equal to about 45%. Caminada et al. (1996) find a much
lower average of about 35% rate when deductions for mortgage payments
and pension premiums are taken into account. CPB (2001b) finds average
tax wedges on income equal to about 40% for workers with modal incomes.

Empirical evidence suggests that (uncompensated) labor supply elastici-
ties are small to negligible for men and small but positive for women, see e.g.
Pencavel (1986), Killingsworth and Heckman (1986), Hanssen and Stuart
(1985). However, taxable income may respond more elastically to the in-
creased repayment rates. Gruber and Saez (2001) find that the average tax
elasticity of labor income is .4. Feldstein (1999) finds very high elasticities
of taxable income around 1.

As base-line values we take for men an uncompensated wage elasticity of
labor supply E = .1 and for women E = .5. This gives an average elasticity
of taxable income equal to .3, which is in line with Gruber and Saez (2001).
Based on these elasticities we compute the life-time labor supply adjusted
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for the tax increase (Λ∗) as follows:

Λ∗ ≡ Λ

(
1− Eτ o

1− θ

)
, (6.16)

where we used E ≡ ∂Λ
∂θ

1−θ
Λ

= ∂Λ
∂τ

1−θ
Λ

. To calculate the change in the tax
burden under a graduate tax regime, we used an (first-order) approximation,
since the tax is endogenous. First, we derived τ o which equals the graduate
tax computed in the absence of a change in labor supply. Based on this
increase in the tax-burden we adjusted life-time labor supply to calculate
the new graduate tax adjusted for labor supply effects. As it turns out,
labor supply effects are very modest, so that this approximation is fairly
accurate. For the ICL scheme, we choose repayment rates in advance, i.e.,
τ o = τ . Since the repayment rate is exogenous, the change in labor supply
is precisely measured under an ICL scheme.

6.8 Loan system as a benchmark

We assume in all the calculations that follow, that the whole system as
it currently operates remains in place with the difference that tuition fees
are abolished and grants are replaced by loans. The major change is that
the government finances the costs in advance and collects repayments from
students after graduation through the tax system. We assume that there is
in principle no differentiation in costs between the subjects, only as regards
to the level of education (higher vocational and university) and to the length
of education. So there is a cross subsidy from cheap to expensive subjects
(this is also the case in the current system).

The government borrows the funds to provide students with the ‘grants’
and the institutional costs of education. It does so by means of the issue
of government bonds and repays its debt with the repayments received from
the students as they work. We assume further that the income of (full-time)
working partners is not included in the repayment scheme, i.e., there is no
income check on family income.

In our artificial benchmark of a loan system no individual default occurs,
because the government simply varies the repayment conditions for every
student exactly so as to cover principal plus interest. Our only purpose here
is to calculate the life-time repayment burden with an ordinary loan and
compare this with an GT/ICL later on. As noted before, this is a purely
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Table 6.8: Fractions of life-time incomes repaid under pure loan system
Subject University Higher voc. Subject University Higher voc.

quintile men women men women quintile men women men women
Agriculture 1 6.4 12.3 8.8 19.7 Law 1 6 11.3 9.1 23.9

2 4.6 8.5 6.3 13.2 2 4.4 7.8 6.5 16
3 3.7 6.6 5 10 3 3.5 6.1 5.1 12.2
4 3 5.2 3.9 7.6 4 2.8 4.7 4.1 9.2
5 2.1 3.6 2.8 5.1 5 2 3.3 2.9 6.2

Science 1 8.3 16.2 Beh. & soc. 1 8.6 15.2 10 24.3
2 6 11.3 2 6.2 10.6 7.1 16.3
3 4.8 8.8 3 5 8.2 5.6 12.4
4 3.8 6.8 4 4 6.4 4.4 9.4
5 2.8 4.7 5 2.9 4.5 3.2 6.3

Technical 1 7.2 11.5 7.8 21.1 Arts & lang. 1 9.6 16 14.5 30.7
2 5.2 8 5.6 14.2 2 6.9 11.1 10.3 20.6
3 4.1 6.2 4.4 10.8 3 5.5 8.7 8.2 15.7
4 3.3 4.8 3.5 8.2 4 4.4 6.7 6.5 11.9
5 2.4 3.4 2.5 5.5 5 3.2 4.7 4.6 8

Medical 1 9.5 18 10 26.1 Teacher 1 10.3 24
2 6.9 12.5 7.1 17.5 2 7.3 16.1
3 5.5 9.7 5.6 13.3 3 5.8 12.2
4 4.4 7.6 4.5 10.1 4 4.6 9.3
5 3.2 5.3 3.2 6.8 5 3.3 6.2

Economics 1 5.7 10.4 7.5 19.8
2 4.1 7.2 5.4 13.3
3 3.3 5.6 4.2 10.1
4 2.6 4.4 3.4 7.6
5 1.9 3 2.4 5.1

Note: Higher vocational students borrow EUR 8,420 per year and university students borrow EUR 8,569 per year. This

is equal to total current educational expenditures per student, including tuition fees from students.

theoretical construct. Table 6.8 shows the average fractions of income per
year that the students in each category have to repay under a loan system
when subsidies are zero (s = 0 euro) and the yearly loan (D) given to stu-
dents equals EUR 8,420 for higher vocational students and EUR 8,569 for
university students.19 This implies that yearly private costs increase. For
higher vocational students this is EUR 8,420 - 1.0 = EUR 7,377, and for
university students the increase equals EUR 8,569 - 1.1 = EUR 7,434.

First, we concentrate on the means - indicated by the bold numbers in the
third category. For men with university education, the fraction of life-time
income repaid varies from 3.5% for economics, law, technical, agricultural
and medical studies to 5% for behavioral and social studies and arts and
languages. For women we see that repayment burdens are higher than for
men. At the university level the repayment rates are in the order of 6%
for technical subjects, economics and law education, to more than 8% for
behavioral and social studies and arts and languages. This is due to their
lower life-time present value of incomes, and, more importantly, their lower
labor supply.

Repayment burdens for men with higher vocational types of education are

19Tables for the other subsidy regimes are available upon request.
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comparable, although slightly higher than men with university education,
varying from 4-8%. For women at the higher vocational level repayments
are substantial and higher compared to women with university education,
ranging from 10-15%. This is mainly the consequence of lower labor supply
figures at higher vocational education. Clearly, women with higher vocational
education are the first to get into repayment problems under a loan regime.

The general picture is that economics, law, technical and behavioral sub-
jects have the lowest repayment rates. Intermediate repayment rates are
found in agriculture and languages at the university levels. High repayment
burdens are found in sciences, health, arts and teacher education. This is
due to the fact that in first group of studies present values of earnings are
relatively higher, whereas in the last group the opposite holds.

Second, we concentrate on the difference in repayment burdens within
the various education types. We see that there is substantial heterogeneity in
fractions of income repaid within education groups. For men with university
education, the repayments are roughly 75% higher if graduates belong to the
first quintile compared to the mean - the third quintile. Repayment burdens
fall to about half of the mean for the highest quintiles. For women and men
at higher vocational education the lowest income quintile has repayments
that are about two times higher than the mean in each category.

This picture is roughly the same for the various subjects, higher voca-
tional and university education. We can see that especially women in lower
income quintiles get into repayment problems, because they have to repay
sometimes 20% or more of their incomes in order to repay their debts. The
variations in earnings follow the general pattern of the standard deviation of
the residuals in the estimations.

6.9 Graduate taxes

Under a GT system all students are treated equally and they have to repay a
constant fraction of their incomes during their whole lives. According to the
formula (6.9), we can compute the repayment rate to cover all outstanding
debts, so that no aggregate default occurs and all risks are borne by the stu-
dents themselves. This also entails redistribution from high income earners
to low income earners.

Table 6.9 shows the graduate taxes required to cover all outstanding gov-
ernment debt. We first concentrate on the base line case in which no subsidies
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Table 6.9: Graduate taxes (%)

s = 0 s = 2.119 s = 4,237 s = 6,355
Baseline 5.9 4.4 2.9 1.4
g = .01 (≈ r = .04) 7.6 5.7 3.8 1.9
g = .03 (≈ r = .03) 4.4 3.4 2.2 1.1
π = .01 / r = .04 7.6 5.7 3.7 1.9
π = .02 / r = .05 9.7 7.2 4.7 2.3
Ret. age = 70 5.3 4.0 2.6 1.3
Elasticity high 6.1 4.4 2.9 1.5
Elasticity zero 5.7 4.3 2.9 1.4
+25% funds 7.4 5.5 3.6 1.8
-25% funds 4.4 3.3 2.2 1.1
Nominal duration 4.0 2.8 1.6 0.4

are given. In that case the repayment rate, or GT, equals 5.9%. When we
compare this rate with the various rates we encountered in table 6.8, it be-
comes clear that there is a lot of redistribution involved. The reason is that
with a graduate tax all elements in table 6.8 are equal to 5.9. Thus, there is a
very strong compression in repayment obligations. As such our calculations
show that income insurance is substantial. There is insurance/redistribution
in particular from men to women, from high earning subjects to low earning
subjects, and from university to higher vocational education.

We can at least conclude that pooling of risks is highly beneficial in order
to reduce the uncertainties involved of doing a particular type of education.
Moreover, on average the absolute increases in the tax rates for the high
earning subjects are relatively modest compared with the decreases – in ab-
solute terms – in tax rates for the subjects that are relatively less financially
beneficial. This effect can be attributed mainly to the fact that there is a
relatively large number of male students in the high earning subjects.

GT is reduced when the government increases subsidies. The reason is
that graduates obtain fewer funds. With a low average subsidy of EUR
2,119 the graduate tax equals about 4.4%, with subsidies in the middle it
falls to 2.9% and with a high subsidy of EUR 6,355 the tax rate is only 1.4%.
However, government savings on education expenditures also decrease when
subsidies are brought in line with current levels, see below.

In the rest of the table we have computed the consequences for the GT
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when the crucial parameters of the model are changed. First, we looked at a
1%-point lower rate of wage growth. This corresponds as well with a higher
real interest rate of 1%-point.20 Clearly, lower wage growth or higher real
interest rates has important consequences for the GT, for is has to increase
with more than 1%-point for every %-point reduction in the growth rate of
wages.

Similarly, a positive value of the required risk premium of 2% increases
the graduate tax to 9.7% in the base-line scenario. This also corresponds
to an increase in the real interest rate of 2% per year. Clearly, unfavorable
conditions with regards to the interest rate are importantly affecting the
repayment conditions. In the case the real interest rate equals 2%, a graduate
tax of about 4.5% is sufficient to let the graduates pay for all the costs of
education.

The statutory retirement age may increase in years to in come. We cal-
culated the consequences of increasing the retirement age to 70 years. Only
modest decreases in repayment rates are found when retirement age increases.
This is caused by the fact that revenues further away in the future are heavier
discounted.

Interestingly, repayment rates are not very sensitive with respect to labor
supply elasticities. We calculated cases in which labor supply effects are
absent, i.e., E = 0, for both men and women, and where labor supply is
more elastic, that is, E = .25 for men and E = 1 for women. These are
upper bounds that are found in the literature. Very modest increases are
found when labor supply elasticities are set at levels that can be considered
very high. Based on these figures we may say that moral hazard in labor
supply after graduation is potentially not a very important factor that drives
repayment conditions.

Under a graduate tax system, students may wish to have more funds than
in the current system, because the capital market imperfection is tackled
and students may suffer less from risk aversion. We compute the levels of
the graduate tax in case the government increases the funds available to
students. We compute the consequences of an increase of 25% in total funds,
this corresponds to an increase in (average) grants from EUR 2,884 per year
to EUR 4,989 per year for higher vocational students and from EUR 3,554 to
EUR 5,719 per year for university students in the base-line scenario. In the

20The approximation follows from the fact that, at low interest and growth rates on
may write for the discount factor: 1+g

1+r+π ≈
1

1+r+π−g .
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other scenarios the increase in the level of funds is smaller because the initial
size of equity/loan is smaller. This figure is picked somewhat arbitrarily and
may be at the high end. On the other hand, the graduate tax may also
reduce the amount of funds that students wish to have since total costs of
education increase. We also analyze the effects of a decrease in the funds
made available by the government with 25%.

The latter calculation approximately corresponds as well to the total elim-
ination of drop-outs in higher education. The overall drop-out rate in higher
education is 19% and university education has a drop-out rate of 28%, see
Statistics Netherlands (1995, p.32). Accordingly, a decrease in average costs
of education of about 25% results if all drop-outs are eliminated. The govern-
ment may want to avoid moral hazard and adverse selection under a GT/ICL
scheme. It can do so by means of selection procedures or allow universities
to expel non functioning students, the so called ‘binding study advice’.

Linear effects on the levels of the repayment rates are found when the
amounts borrowed are increased (decreased) with 25%. The corresponding
GT also increases (decreases) with 25%. The reduction in average duration of
the study to nominal length has similar effects as a reduction of the total costs
with 25%. The latter findings imply that moral hazard effects while enrolling
in education are important for the repayment conditions. If the government
wishes to make the financing system more attractive, reducing drop outs and
shortening enrollment duration is potentially effective to reduce the costs of
education.

We also compute the consequences of a shorter average duration of en-
rollment in higher education. We compute the GT in case all students study
for the nominal length of their education. In order to avoid moral hazard
and adverse selection, the government may also want to set stricter norms
with respect to the duration at which students are allowed to be enrolled in
higher education.

All the consequences of changing parameters turn out to become more
modest at higher education subsidies. All said, we have to be careful to draw
conclusions about the exact size of the repayment rate, since it turns out to
be sensitive to the assumptions made as regards the rate of wage growth,
the interest rate and the required risk-premium, but not with regard to the
labor supply effects.

Finally, we computed the loss in tax revenues per year as a consequence
of increasing the effective tax burden. To that end, we first determined the
total present value of lost life-time tax revenues per student. By making the
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steady state assumption, we convert the loss in tax revenues to an equivalent
increase in costs per student per year. Finally, we computed the total yearly
tax loss by summing all average revenue losses per student over the whole
student population currently enrolled. In mathematical terms this can be
expressed as:

qj ≡
∑Ni

0 Lj,n

Nj

∑t=a∗

t=ao

(
1+g
1+r

)a−t . (6.17)

where qj, Ni, Li,n, ao, a
∗ denote the yearly equivalent of the total tax loss

per student of education level j, the number of students in education level j,
the present value of the life-time revenue loss per student of education level
j, the age at which education is started, and the age at which education is
ended, respectively.21 In table 6.10 we computed for the base-line values the
yearly revenue losses for the different values of the graduate tax.

From table 6.10 can be concluded that losses in tax revenues with a
graduate tax can be substantial compared to the savings on government
outlays. This critically hinges on the presumed labor supply elasticities.
The revenue losses due to lower labor supply must be subtracted from the
reductions in government outlays on education to arrive at the net savings
on government outlays. For the most reasonable values of the labor supply
elasticities (base-line scenario) we see that the loss of tax revenues is about
1/4 of the total reduction in government outlays. We calculate that net yearly
savings on government outlays with a graduate tax are ranging from EUR
.3 to 2.5 bln if the subsidies on higher education are decreased from EUR
6,355 on average per student to EUR 0 per student. In the case where labor
supply elasticities are zero, full gross savings are realized as net savings,
since there are no revenue losses. However, if the labor supply elasticities
are set at upper bounds found in the literature, net savings on government
expenditures are very much reduced due to lower tax revenues. Clearly,
reductions in government outlays are sensitive to the presumed elasticities of
labor supply.

21Here, we make an approximation by assuming that students in medical and technical
subjects are 5 years enrolled. We do not expect that this approximation has large effects
on the estimated tax losses, since the fraction of students enrolled in these studies is
relatively low compared with the total number of students. In any case, in this procedure
tax losses will be over-estimated, because these medical and technical students typically
have shorter working lives because they study for a longer time.
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Table 6.10: Yearly equivalent of lost tax revenues and net savings (bln. euros)

baseline E = 0 E is high
s = 0 euros τ = 5.9% τ = 5.7% τ = 6.1%
Gross savings 3.2 3.2 3.2
Lost revenues 0.7 0 1.6
Net savings 2.5 3.2 1.6
s = 2, 119 euros τ = 4.4% τ = 4.3% τ = 4.4%
Gross savings 2.3 2.3 2.3
Lost revenues 0.5 0 1.1
Net savings 1.8 2.3 1.2
s = 4, 237 euros τ = 2.9% τ = 2.9% τ = 2.9%
Gross savings 1.4 1.4 1.4
Lost revenues 0.2 0 0.7
Net savings 1.2 1.4 0.7
s = 6, 355 euros τ = 1.5% τ = 1.4% τ = 1.5%
Gross savings 0.5 0.5 0.5
Lost Revenues 0.2 0 .4
Net savings 0.3 0.5 .1

6.10 An income contingent loan system

6.10.1 ICL with full risk pooling

In an ICL system with full risk pooling all costs of default are shared amongst
graduates – as in the GT system. The only notable difference is that there
is a limit on the amount that graduates repay after graduation. This limit
is determined by the default premium ρ see also section 3. Under an ICL
system, ρ determines how long graduates remain in the program. The lower
is ρ, the quicker they have repaid their debts. For effective insurance to
occur ρ must take some positive value. As the default premium increases an
ICL with full risk pooling is in the limit equal to the graduate tax system.
Then, redistributional aspects enter more and more in the default premium
as in the GT. ρ should then be denoted more appropriately as a solidarity
premium.

In table 6.11 we have computed the repayment rates for the various sub-
sidy regimes and for varying the default/solidarity premiums ρ. We have
used the baseline values of the other parameters. The values of the repay-
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Table 6.11: Repayment rates τ (%) in ICL with full risk pooling.

ρ = .01 ρ = .02 ρ = .03 ρ = .04 GT (ρ = ∞)
s = 0 euros 10.3 7.8 6.9 6.4 5.9
s = 2, 119 euros 7.5 5.8 5.1 4.8 4.4
s = 4, 237 euros 4.9 3.8 3.4 3.2 2.9
s = 6, 355 euros 2.4 1.9 1.7 1.6 1.4

ment rates are obtained by solving the budget constraint for τ of the system
as given in equation (6.4). The risk premium and the repayment rate must
simultaneously keep the books of the system balanced.

We see that the repayment rates increase relative to the repayment rates
encountered under a graduate tax. The reason is that the high-earning grad-
uates are leaving the system earlier so that the low-earning graduates have
to pay more of their incomes to repay their debts. Again we can see that the
spread in repayment rates in the various subsidy regimes is reduced, when
we compare the repayment rates in table 6.11 with those encountered in ta-
ble 6.9. However, at very low levels of ρ (ρ = .01), the effective insurance
against the bad states of nature has importantly diminished compared to the
graduate tax system. The reason is that high income earners contribute little
to solidarity. Only women with higher vocational education benefit from the
insurance characteristics, i.e., transfers from high income earners.

Furthermore, we see relatively large reductions in repayment rates when
ρ is increased at low initial levels of the default premium. An increase in the
default/solidarity premium implies that high earning graduates repay more
and remain repaying for a longer period of their lives. This improves the
insurance/redistributional characteristics of the system, so that repayment
rates can be lower. The reductions in τ level off when ρ gets higher. The
repayment rates converge to the values of the graduate tax when the default
premium is increased to about 12%. The reduction in government expendi-
tures for the various subsidy regimes are assumed to be equal to that of the
graduate tax as no external losses of default are present.22

22This depends on the timing of tax revenues and the elasticities of labor supply over
the life-cycle. Tax losses with an ICL are generally larger compared to a GT because tax
smoothing over the life-cycle is optimal as the GT does, rather than concentrating it at
the young ages in an ICL. However, tax losses may be smaller if the elasticity of labor
supply is smaller at young ages, the period to which the tax burden is shifted. Given that
repayment periods are generally very long, we are inclined to think that the difference is
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6.10.2 ICL with (partial) risk shifting

One may also design the ICL system where costs of default are (partly) shifted
to society at large. In the Australian system, students never repay more than
the principal (the real interest rate is zero). That implies that there is no
ex post redistribution from lucky students to unlucky students. Subsidies
on education now enter in an ex post fashion, however, rather than ex ante,
since the costs of default are funded from government budget. Still there can
be reductions in total government expenditures on education. The reason is
that subsidies are also given to successful graduates, whereas in a risk-shifting
arrangement only subsidies are given only to unsuccessful students. In that
case, replacing ex ante subsidies for every student by ex post subsidies - only
given to unlucky graduates - makes the education system more egalitarian,
since the unlucky graduates have lower incomes than the average graduates.

We present calculations for various (exogenous) values of the default pre-
mium and the repayment rate. The problem here is to pick some reasonable
values in order to illustrate the important mechanisms. The reason is that
the number of possible ICL-schemes that one can think of is infinitely large.
In the Australian system there is no risk-pooling so that ρ = 0. This is a
natural lower bound. Rinnooy Kan et al. (1998) use a default-premium ρ
equal to 1.3% to cover costs of default and early mortality. They do discuss
also the possibility of a solidarity premium. As a benchmark we take ρ = .02.
This figure implies that the effective interest rate for students increases to
r + ρ = .05 in the base line case. We also present calculations for a default
premium of ρ = .04 which is our upper bound and ρ gets more the character
of a solidarity premium. We finally calculate the consequences if we let ρ go
to infinity. These calculations then correspond to a graduate tax with partial
risk-shifting.

For the repayment rates we take values τ = .02, τ = .03, and τ =
.04. These values are somewhat arbitrarily chosen, but probably represent
the politically feasible range. Finally, we restrict our subsidy regimes to
s = 2, 199 euros, and s = 4, 237 euros. The high and zero subsidy regimes
(s = 0 euro and s = 6, 355 euros) are probably not very interesting from a
policy perspective. For these 24 combinations of repayment rates, solidarity
premiums and education subsidies we present calculations below.

In order to assess the behavior of the ICL scheme we also present some
additional statistics. First, we calculate the so called debt-gap. This is the

relatively minor.
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fraction of total outstanding debt that has been repaid. The remaining frac-
tion is the social loss as a fraction of outstanding debts. The latter is what
Rinnooy Kan et al. (1988) dub the social risk of loans. Second, we calculate
the fraction of students that are able to repay their debts in full. This is
denoted the debt-count. Third, we computed the average number of years
it takes to repay debt, for those who do pay back in full, see also Barr and
Faulkingham (1993).

We also compute the average costs of default for graduates with higher
vocational and university education. The costs of default are derived in sim-
ilar fashion as the losses in tax revenues. First we calculated - for given
repayment rate τ and default premium ρ - the net present value of default
costs. Then we transformed the present value of default costs to the equiva-
lent yearly rise in education expenditures per student that generates the same
present value of default costs. In mathematical terms this can be expressed
as:

di ≡
∑Ni

0 DLi,n

Ni

∑t=a∗

t=ao

(
1+g
1+r

)a−t , (6.18)

where di, and DLi denote the yearly equivalent increase in costs of education
of education type i, and the default loss per student of education type i.
The other variables are defined above. Here we make an approximation by
assuming that students in medical and technical subjects are 5 years enrolled.
23

Table 6.12 and table 6.13 present the results for the s = 2, 119 euros
and 4, 237 euros regimes where students pay 75% and 50% of total current
costs respectively. For the low subsidy regime we see that the debt gap is
substantial. Large fractions of outstanding debts are not repaid with the
repayment rates and default premiums chosen here. Even with a repayment
rate equal to 4% of total life-time income and a default premium of ρ = .04
about 11% of outstanding debt is not repaid. This is less so in the high
subsidy regime, where the debt gap may be close to 100% or more if the
repayment rate is 4% and the default premium is 2% or higher. Furthermore,
we see that a substantial fraction of students in all scenario’s does not repay
in full. Of course, the number of students that repays falls if the default
premium increases, since it takes longer to repay debts for given repayment

23Again, we do not expect that this approximation has large effects on the estimated
costs of default, since the fraction of students enrolled in these studies is relatively low
compared with the total number of students.
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rates. The average duration of of repayment is long, i.e., about 30 years or
more.

If one regards the base-line parameters and tax and default rates as plausi-
ble, it is not surprising that the private sector is reluctant to provide students
with substantial loans. The low debt gaps require substantial risk premia and
repayment rates. The very low fractions of students that repays in full and
the long periods of repayment make education loans very costly from an ad-
ministrative point of view. As such, the role for government intervention
seems vindicated.

Yearly costs of default decrease if the government increases subsidy rates.
Students have to borrow less if the government is financing larger parts of the
costs of education. Reducing ex ante subsidies on education by increasing
private contributions yield marginally decreasing savings on government out-
lays because ex post subsidies on education increase. Given the repayment
scheme (τ , ρ), lowering education subsidies ex ante, implies that more costs
of default that are shifted to society at large, so that education subsidies
ex post increase. From the figures on the government savings we can see
that the reductions in government outlays are almost similar in both regimes
for identical repayments schemes (τ , ρ). More generally, only by increasing
the repayment rate or the default/solidarity premium, substantial savings
on aggregate government outlays can be achieved. If the repayment rate or
risk premium increases, we can see that costs of default decrease substan-
tially. The reason is that students now have to repay a larger fraction of
their incomes to repay their debts, so that less default occurs. Consequently,
savings on government outlays are increasing. We see in the middle sub-
sidy regime that aggregate costs of default eventually become negative. Due
to high default/solidarity premiums, graduates repay more than they have
borrowed.

Replacing ex ante with ex post subsidies has of course distributional ef-
fects. Whereas everyone benefits from ex ante subsidies, only the graduates
with incomes insufficient to repay their debts benefit from the insurance as-
pects of the ICL. Consequently, replacing ex ante with ex post subsidies
results in a more equal distribution of income across graduates. This is the
insurance element in an GT/ICL system, that is absent in schemes with edu-
cation subsidies. Moreover, we can say that, more generally, ex post subsidies
are more equitable than ex ante subsidies.

If ρ → ∞ results converge to that of a GT (with partial risk-shifting).
In the low subsidy regime a repayment rate of 4% is too low to cover all
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Table 6.12: ICL with (partial) risk shifting (s = 2, 119 euros)

Gap Count Av. Def. costs Gross sav. Rev.loss Net sav.
ρ τ (%) (%) repay H. voc. Univ. (EUR bln) (EUR bln) (EUR bln)
0 .02 45 6 44 3.7 3.3 0.7 0.2 0.5
.02 .02 46 - - 3.7 3.2 0.8 0.2 0.5
.04 .02 46 - - 3.7 3.2 0.8 0.2 0.5
∞ .02 46 - - 3.7 3.2 0.8 0.2 0.5
0 .03 62 19 39 2.8 2.0 1.2 0.4 0.9
.02 .03 67 6 42 2.5 1.5 1.4 0.4 1.0
.04 .03 69 1 48 2.5 1.4 1.4 0.4 1.0
∞ .03 69 - - 2.5 1.4 1.4 0.4 1.0
0 .04 73 34 37 2.0 1.2 1.5 0.5 1.0
.02 .04 82 18 39 1.6 0.4 1.8 0.5 1.3
.04 .04 89 6 41 1.3 -0.2 2.0 0.5 1.5
∞ .04 91 - - 1.2 -0.5 2.1 0.5 1.6

outstanding debts since the debt-gap is 91%. From table 6.11 we can see
that a tax of 4.4% is sufficient to get the debt gap at 100%. Similarly, for the
high subsidy regime, we see that the debt gap is 118%, so that the repayment
rate covers more than all outstanding debts. From table 6.11 follows that a
repayment rate of 2.9% is sufficient to cover debts.

In table 6.14 we did some sensitivity analysis for the ICL scheme for dif-
ferent assumptions of the parameter values used in the base-line calculations.
Here we use the middle subsidy regime. The low subsidy regime has quali-
tatively similar effects. Again, the results show large sensitivity with respect
to the growth rate of wages and the (macro) risk-premium chosen. A 1%
point change in the ‘good’ direction in either one these parameters ensures
that the debt gap is about 100% or even higher. Similar effects are found if
the amount borrowed is 25% lower (no drop-outs) or students are enrolled
for the nominal duration of their study. However, a change in the ‘wrong
direction’ makes the system vulnerable to non-repayment. This also holds for
25% more funds. The labor supply effects (elasticities and retirement ages)
have again relatively modest effects. From the figures for government savings
we see that it ranges from EUR 0.5 to 1.6 billion. So the earlier conclusion
that one needs to be careful with drawing inferences is also confirmed here.
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Table 6.13: ICL with (partial) risk shifting (s = 4, 237 euros)

Gap Count Av. Def. costs Gross sav. Rev.loss Net sav.
ρ τ (%) (%) repay H. voc. Univ. (EUR bln) (EUR bln) (EUR bln)
0 .02 62 19 39 1.8 1.4 0.7 0.2 0.5
.02 .02 67 6 42 1.7 1.0 0.8 0.2 0.5
.04 .02 69 1 48 1.4 0.9 0.8 0.2 0.6
∞ .02 69 - - 1.4 0.9 0.8 0.2 0.6
0 .03 78 42 36 1.1 0.6 1.0 0.4 0.6
.02 .03 89 20 36 0.8 -0.1 1.2 0.4 0.8
.04 .03 97 9 39 0.5 -0.6 1.4 0.4 1.0
∞ .03 103 - - 0.3 -1.0 1.5 0.8 1.1
0 .04 87 91 34 0.7 0.3 1.1 0.5 0.6
.02 .04 102 36 34 0. -0.6 1.5 0.5 1.0
.04 .04 116 18 33 -0.2 -1.5 1.8 0.5 1.2
∞ .04 137 - - -1.0 -2.8 2.1 0.5 1.6

Table 6.14: Sensitivity analysis ICL (ρ = .02, s = 4, 237 euros, τ = .03)
Gap Count Av. Def. costs Gross sav. Rev. loss Net sav.
(%) (%) repay H.voc. Univ. (EUR bln) (EUR bln) (EUR bln)

Baseline 89 20 36 0.8 -0.1 1.2 0.3 0.8
g = .01 (≈ r = .04) 75 10 37 1.4 0.6 0.9 0.3 0.6
g = .03(≈ r = .02) 103 34 36 0.2 -0.7 1.5 0.5 1.0
π = .02 / r = .05 62 6 40 2.1 1.4 0.6 0.2 0.4
π = .01 / r = .04 75 11 38 1.4 0.6 0.9 0.3 0.6
Ret. age = 70 95 24 38 0.6 -0.4 1.3 0.4 0.9
Elasticity high 88 19 36 0.8 0 1.2 0.8 0.4
Elasticity low 90 20 36 0.7 -0.1 1.2 0 1.2
+25% funds 77 11 39 1.6 0.6 0.9 0.4 0.5
-25% funds 103 36 34 0.1 -0.5 1.5 0.4 1.1
Nominal duration 99 34 35 0.3 -0.4 1.4 0.4 1.0
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Table 6.15: Enrollment (quasi) elasticities

dq dp p e
Kodde, 1986, NL .5 EUR 272 EUR 545 .01
Oosterbeek and Webbink, 1995, NL 0 - - 0
Kane, 1994, US 5 $1000 $1200 .06
Kane, 1995, US 3.5 $1000 $753 .03
Leslie and Brinkman, 1987 (various) .6-.8 $100 $3420 .21-.27
Hilmer, 1998 1 $100 $3576 .36

6.11 Discussion

6.11.1 Enrollment effects

Although we have taken into account various possibilities that may affect be-
havior it is possible that other effects are important. Decreasing the subsidy
rates and increasing the repayment obligations through the tax after gradu-
ation may cause a drop in enrollment in higher education because students
are confronted with lower returns on their investment in education. On the
other hand, since there is effective insurance of repayment risks, enrollment
is expected to increase. A priori, we cannot quantify the combined effect
since both effects work in opposite direction.

Empirically, evidence on the effects of reducing future earnings on en-
rollment is mixed. Estimates for the Netherlands by Kodde (1986) suggest
that enrollment is hardly price-responsive. Oosterbeek and Webbink (1995)
find no effects in a similar study for the Netherlands. Empirical evidence
for other countries - notably the US - suggests that increasing tuition rates
could reduce enrollment in higher education, however, empirical evidence is
mixed in the US as well.

Leslie and Brinkman (1987) and Hilmer (1998) find a substantial impact
of lowering tuition prices upon enrollment. Kane’s (1994, 1995) findings
suggest that this effect is substantially lower. In table 6.15 we summarize
the enrollment elasticities found in the literature. The elasticity is defined
as the absolute change in enrollment in %-point.s (dq) with respect to an
increase in tuition prices with 1% (dp/p), i.e., e ≡ −dq/(dp/p). It is therefore
more correctly denoted a quasi-elasticity. We computed the elasticities using
information on the average prices of college/university education and the
estimated effects upon enrollment in university or college.
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Table 6.15 shows for the US studies that increases in the tuition rates with
equal amounts resulted in roughly equal decreases in enrollment. However,
the quasi-elasticities turn out to be very different since the mean levels of
tuition - given in the third column - vary heavily. Kane’s findings are about
ten times lower than Leslie and Brinkman’s findings. This suggests a highly
non-linear relationship between tuition prices and enrollment: the higher is
the tuition, the more enrollment is affected by increases in tuition.

The level of tuition fees in the Netherlands corresponds more to the
Kane’s (1994, 1995) analysis where effects on college enrollment are esti-
mated. Hilmer (1998) and Leslie and Brinkman (1987) look at university
enrollment. Based on the low elasticities of enrollment in the Netherlands,
combined with the tuition levels in the Netherlands that are comparable
to Kane’s studies, we are inclined to think that the enrollment elasticity is
somewhere between zero and .03. The latter corresponds to a drop in enroll-
ment of 3% points if current tuition levels are doubled. Additional evidence
based on subjective evaluation by students also suggests that effects upon
enrollment are not very large, see also SEO (2000).

We present some suggestive calculations of the consequences for enroll-
ment for the various subsidy regimes in table 6.16 based on elasticities in
the interval (.01;.03). In the regimes where students are confronted with
all costs, an average price increase of 687% occurs. Based on the presumed
elasticities, a drop in enrollment occurs of 7%-points to 21%-points in the
regime with the highest elasticity of enrollment. For the regimes s = 2, 119
euros changes in enrollment are 5-15%-points whereas the s = 4, 237 euros
regime features drops in enrollment ranging from 3-9%-points. Increasing
the private contributions for students to 25% of current total outlays gives
small effects on enrollment. Clearly, potential effects on enrollment can be
important.

Given that there are potential repercussions on enrollment, also savings
on government outlays may be larger than presumed. When considering
a policy switch towards more private contributions in higher education, it
would therefore be wise to increase private contributions only slowly and,
at the same time, monitor the development of enrollment rates, especially
among the disadvantaged groups.

Chapman (1997) shows that the introduction of the Australian HECS sys-
tem did not produce negative effects on the enrollment of the lower income
groups, see also CPB (2001a) for a more detailed discussion. Furthermore,
in the Netherlands we have seen that enrollment has been steadily increasing
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Table 6.16: Potential effects on enrollment
dp/p dq

e = .01 e = .02 e = .03
s = 0 euro 6.87 6.9 13.7 20.6
s = 2, 119 euros 4.90 4.9 9.8 14.7
s = 4, 237 euros 2.94 2.9 5.9 8.8
s = 6, 355 euros 0.67 .7 1.3 2.0

in recent years despite lower grants and higher tuition rates. Other factors
seem to be more relevant to explain this observation. Hereby one can think
of increases in real incomes by parents and students (working while studying)
which may have caused relaxations of credit constraints, an increased prefer-
ence for education as a consumption good, or an anticipated future increase
in real returns on education, see also Leslie and Brinkman (1987) for more
arguments.

Clearly enrollment of students in higher education may fall. Whether this
is a social disadvantage or not depends on both positive and adverse selection
effects. A positive selection effect occurs because enrollment of marginal
students falls since they are confronted more heavily with the real costs of
education. Adverse selection/moral hazard occurs if low-risk students do not
want to participate anymore and if students choose more risky education
types.

6.11.2 General equilibrium effects

If enrollment effects are important, then general equilibrium repercussions on
wages and interest rates could be important as well. With respect to general
equilibrium effects on the interest rate there is not an issue because the
Netherlands is a small open economy in which the interest rate is determined
on world capital markets.

Under perfect factor price equalization, the relative wages of skilled viz a
viz unskilled workers are determined on world factor markets, see also Topel
(1999). Consequently, in a small-open economy with perfectly integrated
capital and/or goods markets there are in principle no effects on relative
wages. However, one can be sceptical about the strength of factor price
equalization from an empirical point of view. The work by for example
Hartog et al. (1993) suggests that relative wage differences are importantly

214



Chapter 6 Education Finance Reform

determined by (local) demand and supply factors.
Hence, changes in relative wages, and therefore wage profiles, might occur

as a consequence of different enrollment decisions of students, see e.g. Katz
and Murphy (1992), Heckman et al. (1998a). This changes the income
distribution and the incentives to acquire skills. More research with general
equilibrium models as in Heckman et al. (1998a) is needed to address this
issue. However, we do not think that general equilibrium effects are very
large in view of the low price elasticity of enrollment.

6.11.3 Adverse selection and moral hazard effects

With the risk pooling arrangements in the financing system, the standard
problems of adverse selection and moral hazard with providing an insurance
may arise. If the government cannot observe the riskiness of the type of
student, adverse selection might occur if the good risk students do not want
participate in the program, see also Nerlove (1975) and Oosterbeek (1998).
The good risks can be better off by not participating since they have to
pay a part of their incomes as a premium to cover to costs of default of the
bad risks. The consequence is that the proportion of risky students in the
total pool of students increases and the repayment rates increase accordingly.
As the ‘insurance’ premium increases, the attractiveness of the GT or ICL
system is reduced for the bad risks. Investment in human capital is reduced
because the low risk students voluntarily under-insure themselves.

If the government cannot perfectly observe the actions of students and
graduates moral hazard occurs. We may distinguish between a number of
types of moral hazard. First, there is moral hazard relating to the risks of
not earning a high enough income after graduation. Graduates may reduce
their labor supply or work effort, even stop participating in the labor mar-
ket, or switch to the black circuit in order to reduce or avoid the income
contingent repayments. We take these effects into account in this Chapter,
by considering effects of the repayment rate on life-time labor supply. Moral
hazard could also be relevant for partners who want to raise children after
they graduated rather than work. Based on our calculations we do not expect
that this second form of moral hazard is of quantitative importance for re-
payment conditions. (Moral hazard in labor supply is important for savings
on government outlays, however).

Second, students are better informed about their capabilities and efforts
to graduate than the government. Moral hazard occurs if the system with
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insurance of repayment risks induces students to reduce their learning ef-
forts. Since students know that the costs of default are borne by their fellow
students, there is a reduced incentive to study and there is too much risky
borrowing accordingly. This drives up default premiums, and, consequently
make the GT/ICL system less attractive. In turn, lower learning efforts may
induce or worsen adverse selection problems, since worsening repayment con-
ditions induce the low risks to opt out.

Third, a form of moral hazard occurs if the repayment rate is not properly
differentiated according to length of study. If repayments are not differenti-
ated the graduates who are enrolled shortly, subsidize those who are enrolled
longer. For a proper functioning of an ICL or GT, the repayment conditions
should be dependent on length of enrollment to avoid distortions in educa-
tion choices. Similarly, there is a case for differentiating costs of education for
various education types to avoid implicit subsidies from cheap to expensive
studies.

Fourth, education is not only a pure investment good but also a consump-
tion good, see also Lazear (1977) and Kodde and Ritzen (1985). Students
with more consumption motives are perhaps also the students in more risky
education types. If this is so, then financing education with full risk pooling
implies that the agents with more preference for the consumption aspects of
education are implicitly subsidized by the agents with more investment mo-
tives. Education choices are distorted then and enrollment of consumption
oriented students is inefficiently high.

The importance of adverse selection and moral hazard problems is hard
to assess empirically. No real empirical evidence exists on the impact of the
terms of the loan system on the risk-characteristics of the students involved
in the system. The fact that no well developed capital market for education
investments exists can be taken as an indication for the importance of asym-
metric information. For example Rothshield and Stiglitz (1976) have shown
that competitive markets may fail to exist under conditions of asymmetric
information. If the government attempts to correct this market distortion, it
can be confronted with similar information problems as the private market.

On the other hand, there are legal restrictions that prevent the proper
functioning of private markets. In a non-slave state, claims on human capital
cannot be traded. However, if there were no legal barriers, private markets
would probably offer equity contracts rather than debt contracts for financing
education, see Jacobs and Van Wijnbergen (2002). Since the government is
the only legal authority to execute claims on human capital through the tax
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system, it can in fact resolve private market failures by financing investment
in human capital through an equity participation scheme and recoup returns
of the investment through the tax system. For similar reasons, insurance
contracts cannot be executed by private parties. In addition, large transac-
tion costs are involved in providing loans for education purposes since there
is no collateral and enforcement of repayments is costly. Furthermore, these
contracts may be costly from an administrative point of view given their long
duration as indicated by our calculations. The government is arguably more
efficient in enforcing and monitoring the repayments of the loan through the
tax system. Monitoring and enforcement systems are already in place any-
how, so marginal costs of collecting repayments through the tax system go
to zero.

The government may alleviate problems with asymmetric information in
various ways. First, and most important is to generate more information
on the risk characteristics, abilities and motivations of students. In general,
the government is confronted with similar moral hazard problems as the pri-
vate sector, unless it can gather the information on the ‘rotten apples’ in
the system more efficiently that private parties. As stated above, repayment
conditions should be dependent on easily observable characteristics such as
length of enrollment and potentially also on the costs of education. Further,
the government could select student upon enrollment and track them there-
after. The tracking is already a part of government policies (‘temponorm’).
Thereby the government circumvents the information problem that lies at the
heart of the moral hazard mechanism. This may reduce problems with ad-
verse selection as well. If the government can get the high risk students out of
the student population, the low risk students voluntary participate, see also
Oosterbeek (1998). Also, the repayments my be differentiated for graduates
with different expected life-time earnings to avoid pure income redistribution,
while at the same time maintaining income insurance for graduates within
the same income categories. This requires that there is a sufficient number
of graduates within each income category to make risk pooling possible.

Second, the effective insurance of the ICL can be reduced. The type of
contract with adverse selection is that the low risk (high ability) students
voluntarily under-insure themselves, or, in other words, they bear more risk.
Similarly, the solution to moral hazard problems is to provide less insur-
ance in order to strengthen economic incentives. Nerlove (1975) proposes a
fixed limit on the default premium, so that repayments are never larger than
principal plus interest plus the default premium. This is a so called opting-

217



Public Finance and Human Capital

out provision. The possibility of opting out, provides incentives to the low
risk students to participate in the program, so that adverse selection can be
avoided to some extent. Further, moral hazard problems are mitigated since
the benefits of loss preventing efforts are increased. An opting out provi-
sion is not a free solution because it has a price in terms of less effective
insurance. Therefore, the under-investment problem due to lacking insur-
ance, which the government attempted to solve in the first place, reappears
if insurance is reduced.

The government may also offer multiple ‘loan-insurance’-packages to dif-
ferent students. Then students can voluntarily choose the package that suits
them best. Again, low-risk students want a package with less insurance and
low default and solidarity premiums, whereas the high risk students want to
have more insurance. This is similar to the opting-out provision. With mul-
tiple contracts potential problems may arise with horizontal equity. Some
may regard multiple contracts as unjust if the type of contracts that stu-
dents choose is potentially dependent on background characteristics. These
may determine, for example, risk-aversion, and thereby the type of contract
chosen. Principles of equality of opportunity are violated then.

Third, if the costs of default are borne by society, repayment conditions
are independent of the risk-characteristics, preferences and abilities of the
students. Low risk/high ability consumption students are not confronted
with the costs of default of high risk/low ability students. This is the case in
the Australian HECS system. Note however that this is not a real ‘solution’,
since the average tax payer is confronted with the risks of default and the
problem is simply shifted to other parties than students. There might be
case for subsidies on education if moral hazard problems are reduced if peo-
ple become more educated. For example, supplying less labor to avoid the
repayment, has larger utility costs if one is higher educated and wage rates
per hour are higher. Therefore, subsidizing education may help to boost
labor supply, and thereby reduce the moral hazard problem of low labor sup-
ply. This is what Arnott and Stiglitz (1990) call a ‘non-pecuniary markets
externality’.

Fourth, participation may be obligatory so that low risk students have no
choice of opting out and adverse selection does not occur. Most proposals of
GT seem to assume that participation is indeed obligatory. This eliminates
the adverse selection problem because the low risk students are obliged to
participate, but introduces inefficiencies of obligatory redistribution from low
risk - high return to high risk - low return students. These cross-subsidies

218



Chapter 6 Education Finance Reform

may exacerbate the moral hazard problems – enrollment of too many high
risk - low return students.

6.11.4 Positive selection effects

Some types of education clearly have higher monetary benefits than others,
see also table 6.2. If private contributions are increased, not only the low
risk graduates drop out of the system (adverse selection), but also the stu-
dents with the lowest mean returns. This is what we call positive selection.
These are the ‘marginal students’. Since these students are confronted more
with the real costs, enrollment of these groups tends to fall. If this is true,
the average return to education in the student population increases, so that
repayment conditions in the system become more attractive.

Again, consumption motives may matter. Students with more consump-
tion motives are probably also the students in low return education types, see
also table 6.2. One cannot explain why students pursue a low return study if
there is no apparent non-economic benefit instead. We observe lower incomes
of workers with particular types of education (say, art historians) compared to
other workers with other education types (say, economists). Thus, incentives
to enroll in types of education with more consumption motives are reduced
if private contributions are increased, because students with consumption
motives are confronted with larger costs. If there are no convincing other
reasons to subsidize education of consumption oriented students, social effi-
ciency is enhanced. Again, given the absence of any empirical evidence on
these matters we cannot assess the potential strength of positive selection
effects.

6.11.5 Accessibility effects

The question is whether lowering the subsidies and replacing these with in-
come contingent repayments harms accessibility for students. At least theo-
retically there hardly seems to be a case for this mechanism to be relevant.
The reason is threefold. First, the capital market imperfection is resolved
so that every student with sufficient talents is able to obtain the necessary
funds to enroll in education, independently of background conditions. Liq-
uidity constraints for the poor are therefore avoided.

Second, enrollment of students in education types with low returns may
be reduced in view of the larger private contributions. Low return education
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types are typically encountered in the ‘softer’ subjects (arts, languages, etc).
If there are no other convincing reasons for subsidizing low return education
types, this drop in enrollment, creates a positive selection effects and actu-
ally improves social efficiency. The reason is that education in low earning
subjects with a system of education subsidies is apparently too cheap from
a private perspective and over-investment occurs with subsidies.

Third, large risk aversion, as a consequence of low initial wealth, ceases
to be a serious problem, since all downside risks are eliminated. All redis-
tribution of incomes goes in the direction of graduates with the most risky
education types with the largest downside income risks. This runs counter
the idea that providing ICL’s or GT’s for the financing of education imposes
serious risks on students in the riskier education types. In fact, the gradu-
ates with little income risks are the ones who bear the costs in a risk-pooling
system. These students may drop out of the system and have to self-finance
their investments, cf. Rothshield and Stiglitz (1976). Low risk graduates
opting for self-financing suffer from problems with imperfect capital markets
and absent insurance, social inefficiencies may occur if the low risk students
under-invest.

6.11.6 Administration

We did not pay attention to the administrative costs associated with the
different proposals for education finance reform. Available evidence on the
income contingent loan system in Australia suggests that administrative costs
were as low as 1% of the total loans repaid, see Chapman (1997, p. 747).
This is low given the complexity of the system. Furthermore, we expect that
savings on administration costs can be made since the (ex ante) income check
for income dependent grants can be abolished, see also Kane (1997, p.347).
Additionally, integrating the repayments of education loans in the tax system
makes it possible to save on collection costs. Marginal costs of including the
repayment structure in the income tax are approximately zero. Furthermore,
psychological barriers and compliance costs are lower when repayments are
integrated in the tax system, so we expect that collection costs are low.

6.11.7 International environment

Some have expressed fears of an outflow of (potentially) high skilled workers
to foreign countries if costs of higher education are increased in the Nether-
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lands. Again this is a question related to the price-elasticity of demand for
education. If the price-elasticity of demand for higher education is indeed
rather low, one should be surprised to find large outflows of potential stu-
dents. Currently, the fraction of higher education workers that works abroad
is only very low (about 2.5% for higher vocational graduates and about 4%
for university graduates, see HBO Raad (1999) and VSNU (2000). Arguably,
other factors, such as career opportunities, are more important than the tu-
ition prices to explain international movements of graduates.

A moral hazard effect may also apply to academics who leave the country
after graduation if the repayment rate in a GT or ICL is a residence based
tax that can be avoided by moving to foreign countries. This drives up tax
rates for those who remain within the country, thereby inducing agents to
leave the country more quickly. It is however a matter of political choice to
let the repayments in a GT/ICL take the form of a residence based tax. One
may also opt for a source based GT or ICL in similar fashion as an income
contingent loan to avoid the problem. Recall that also under the current loan
scheme the government is confronted with problems with graduates leaving
the country. Alternatively, a so called ‘exit tax’ can be applied for graduates
that leave the country.

6.12 Conclusions

In this Chapter we have analyzed the consequences of replacing government
subsidies on education with a graduate tax (GT) or income contingent loan
(ICL) system for the financing of higher education. GT’s and ICL’s are di-
rectly directed towards solving the problems with imperfect capital markets
and the absence of insurance to cover the financial risks of pursuing higher
education. Government resources are therefore directed towards those stu-
dents facing problems in financing their education and being confronted with
risks of low incomes after graduation, i.e., the potentially disadvantaged stu-
dents/graduates. This is less costly than giving subsidies across the board.
Further, an increase in private contributions by students can be defended
on grounds of achieving a more equal distribution of incomes, to circumvent
pressures on government budgets, and to increase the allocative efficiency of
the educational system.

In both GT and ICL systems graduates obtain funds by the government
to cover tuition and costs of living. Graduates pay a fraction of their incomes
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to the government in return for the funds received. With an ICL the amount
of repayments has a maximum that is determined by the amount borrowed,
whereas with a GT payments never stop. If a mark-up on the interest rate,
a so called default or solidarity premium, covers the social losses in an ICL
system, there is risk-pooling of income risks amongst graduates. We showed
that the GT is therefore a special case of an ICL system with a large de-
fault/solidarity premium. The reason is that with higher default/solidarity
premiums, the high-earning graduates remain in the system for a longer time
and thereby contribute more to solidarity. The crucial difference between
ICL’s and GT’s is that under a GT, the amount of income insurance and
redistribution of incomes is larger because there is no ceiling on repayments.
With an ICL the social risks may also be borne by society rather than the
graduates. In that case default risks are shifted, which comes at the cost
of achieving less savings on government outlays because (ex post) education
subsidies still enter the system.

To analyze the consequences of a policy switch towards increased private
contributions, we constructed a simulation model to analyze loans, GT’s and
ICL systems of education finance. We differentiated the financing regimes
with full pooling, or (partial) risk shifting of default risks. We based our
simulations on empirical estimates of the wage profiles of graduates where we
differentiated the graduates according to their gender, whether they pursued
higher vocational or university education, what type of education they did
and we allowed for income uncertainty. Additionally, we adjusted the age-
earnings profiles for labor supply and participation effects.

We analyzed increases in private contributions by students from the cur-
rent system to the abolition of all current education subsidies. A pure loan
system served as a benchmark. Especially women run into repayment prob-
lems in a loan system if education subsidies are low. Also graduates in the
low earning subjects would run risks of default. We have shown that the
switch to a GT or ICL system can significantly reduce the default risks that
graduates would experience if they had to finance their education under an
ordinary loan system. This implies that the insurance element in an GT/ICL
schemes is crucial. Notwithstanding that also redistribution of incomes takes
place.

To get a quantitative idea of the effects, a net reduction in yearly govern-
ment outlays on education of about EUR 2.5 billion would result if education
current subsidies are dropped to zero. The repayment rate in an GT is then
about 6%. In an ICL system with full risk pooling - with a maximum of
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repayments by students - the repayment rate is higher depending on the ceil-
ing of the repayments. The range varies from 6-10% depending on the size
of the default/solidarity premium. If default risks are shifted to society the
repayment rate may be lower, but this goes at a costs of a smaller reduc-
tion in government outlays. Increasing the contribution by students to about
50% of the costs would result in a GT of about 3%, and somewhat higher
repayment rates in an ICL system with full risk pooling. Still a reduction in
government outlays results of about EUR 1.1 billion.

Under a risk-shifting regime, the government faces a trade-off between
reducing ex ante subsidies on education subsidies on the one hand, and fi-
nancing the costs of non-repayment (ex post subsidies) on the other hand.
Nevertheless, replacing ex ante subsidies with ex post subsidies makes the
resulting distribution of incomes more equal than in the current system since
only graduates with insufficient incomes to repay their debts in full receive
subsidies, whereas in the current system also graduates with potentially high
enough incomes to repay their debts receive subsidies. Whether the govern-
ment wants to give ex ante or ex post subsidies depends on the trade-off
between equity/insurance and efficiency/incentives. Ex post subsidies are
more equal, but less efficient because education and labor supply choices are
distorted.

Our calculations of an income contingent loan system with repayment
rates of 3% indicate that repayment periods are generally long (about 30
years or more) and that a substantial fraction of the graduates may not re-
pay their debts in full. This is circumstantial evidence that the private sector
is reluctant to provide education loans since administration and enforcement
costs are high, whereas these problems are arguably less severe for the gov-
ernment when the repayment schedule is integrated in the tax system.

We took into account potential effects of the repayment rate on life-time
labor supply and considered changes in the retirement age. These turned
out not to be very important for the repayment conditions. Consequently,
moral hazard effects regarding labor supply are not very important quantita-
tively. Nevertheless, net savings on government expenditures are importantly
determined by the sensitivity of taxable labor income with respect to the re-
payment rate. The reason is that the government also looses tax revenues
when labor supply is reduced.

Further, we investigated the potential effects of reducing the average du-
ration of enrollment and the reduction of drop-out rates. These turned out
to make the system substantially more attractive in terms of repayment con-
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ditions. This is important in light of avoiding moral hazard and adverse
selection effects. We have also shown that the results are sensitive with
respect to the assumptions regarding interest rates, default and risk premi-
ums and growth rates of wages. So one has to be careful in drawing firm
conclusions about the exact size of the repayment rates.

We discussed potential effects of raising private contributions upon enroll-
ment in higher education and concluded that enrollment may decrease. We
do not expect that enrollment of students with sufficient talents will decrease,
but the ‘marginal’ students may choose not to pursue higher education. The
enrollment effects are probably not very large, but empirical evidence is not
very robust to vindicate this conclusion. Therefore, it seems most practi-
cal to increase private contributions only gradually while at the same time
monitoring enrollment.

Finally, when a policy switch is made, a choice must be made with regards
to who bears the costs of default: graduates (risk-pooling), the government
(risk-shifting), or a mixture of both? If moral hazard, adverse selection
and adverse incentive effects (arising from redistribution) can be avoided by
means of selection and tracking mechanisms, making the repayment rates
dependent on length of enrollment, the type of study and expected life-time
earnings, there seems to be no need for the government to share the costs of
default with the students.

However, if adverse selection/incentives and moral hazard are indeed im-
portant, the government can avoid the repercussions on repayment conditions
by bearing (partially) the costs of default. This has the advantage that repay-
ment conditions are independent from the risk-characteristics of the student
population so that adverse selection is avoided, but may exacerbate moral
hazard problems (high drop-out, long duration of enrollment). However, sav-
ings on government outlays are less since education subsidies still enter the
system in ex post fashion. Obligatory participation by students may also
mitigate adverse selection effects. Adverse incentives can also be avoided by
giving less insurance/income redistribution.

Problems with adverse incentives and asymmetric information are poten-
tially more important in a GT system than an ICL system, because there is
more insurance/redistribution in a GT compared to an ICL. More generally,
the ICL features more degrees of freedom than a GT, so that policy targets
are achieved more efficiently under an ICL.
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Appendix

List of assumptions

• Growth rate of wages g = .02. Robustness checks for g = .01 and
g = .03.

• Real risk free interest rate r = .03 per year. Robustness checks for
r = .01, r = .02, r = .04, and r = .05.

• No risk premium in base-line calculations. Robustness checks for π =
.01 and π = .02.

• Default/solidarity premiums ICL ρ = 0, ρ = .02, ρ = 04, ρ = ∞ (latter
is equivalent to graduate tax with risk-shifting).

• No differentiation according tot differences in educational costs. Differ-
entiation according to level of education (higher vocational/university)
and length of education (β and medical education tracks).

• Flat repayment rate. Repayments not differentiated according to type
of education, subject of education or sex. We do not allow for faster
repayments than necessary. No income checks in general and no specific
income checks for non-participants or part-time workers.

• Students receive funds equal to the current education expenditures on
institutions and grants per student per year minus exogenously given
education subsidies at level s euros. We vary average subsidy levels
between s = 0 euro, s = 2, 119 euros, s = 4, 237 euros, and s = 6, 355
euros. The current average subsidy level equals s = 7, 398 euros.

• Amount of funds exogenous. Robustness checks for +25% or -25% in
total funds made available to students.

• Average duration higher vocational education 5 years. Average dura-
tion university education sciences and technical subjects 6 years, med-
ical 7 years and other 5 years.

• Slopes earnings profiles invariant to education subject and labor supply
effects. Slopes differ for men and women and higher vocational and
university education.
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• Risk classes based on estimated standard errors of residuals of wage
profiles. Wages are assumed to be log-normally distributed.

• Participation index takes into account hours worked (differentiated
by age and higher vocational or university education) participation
rates (differentiated by higher vocational or university education), and
growth in participation rates.

• Participation index Λ = Λage=26 if age < 26, Λ = Λage=55 if age > 55.
Retirement age 65. Robustness checks for a retirement age of 70 years.

• All calculations based on 1997 figures except corrections for growth in
participation rates.

• The model is assumed to be in the steady state and no general equilib-
rium effects are present (small open economy).

• θ = .5 is the average marginal tax rate which is assumed to be constant.
Average tax rate is assumed to be constant at .40.

• Uncompensated elasticity of life-time labor supply in base scenario:
men E = .1, women E = .5. High scenario: men E = .25, women
E = 1. Low scenario: men E = 0 women E = 0.

Data

To estimate the earnings profiles we use data from 1997 on wages and edu-
cation provided by the Statistics Netherlands (2000b) in the Wage Structure
Survey 1997 (Statistics Netherlands, Loonstructuur Onderzoek (LSO) 1997).
This data set contains information on earnings, education levels, work ex-
perience, job characteristics, etc. for working males and females. The total
number of observations is about 150.000. We only use data on higher edu-
cated workers, which leaves us with about 35.000 observations.24

Wages are gross monthly earnings. For the estimation of the earnings
profiles we computed hourly wages based on reported hours of work. Then
hourly wages are converted into yearly wages by multiplying hourly wage
rates with a measure of total hours worked in a year based on full-time
employment. We take for this measure 1600 hours which is derived from a

24We excluded post-doctoral workers.
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working year consisting of 40 weeks of 40 hours of work.25 We use the log of
the yearly wage in our estimations in conformity with the literature, see e.g.
Becker (1993).

Statistics Netherlands provides data on education levels that are based
on the standard education classification (Standaard Onderwijs Indeling), see
also Statistics Netherlands (1993). For our purposes we transform the edu-
cation classification to the so called HOOP classification used by the Dutch
Ministry of Education (HOOP is an abbreviation of the Higher Education
and Research Plan). This classification consists of eight aggregate subjects
for university education: agriculture, sciences, technics, health, economics,
law, behavioral and social subjects, and languages and culture. For higher
vocational education essentially the same categories are used. For higher
vocational education we use an extra category for education to become a
teacher and we drop the sciences category.26

Next, we adjust the estimated earnings profiles for differences in labor
supply. To that end we employ additional data. First, we use data from the
Labor Force Survey 1997 (Statistics Netherlands, Enquete Beroepsbevolk-
ing (EBB) 1997) conducted by Statistics Netherlands (2000c) on labor force
participation. Participation rates are defined as the fraction of the (random)
sample that belongs to the working population, i.e., persons that are either
working, or planning to be working, or actively searching for work for at least
12 hours a week. We were not able to disentangle the effects further to the
various types of education as the EBB only uses a classification of technical,
economic, health and other types of education.

Second, we use data on hours worked. These are also taken from the
LSO’97 data provided by Statistics Netherlands (2000b). We take as a mea-
sure of labor supply the total hours worked in a year. Third, we adjust
the earnings profiles for increases in labor force participation. An update of
the data provided by the Statistics Netherlands/CPB Netherlands Bureau of
Economic Policy Research (1997) is used to project growth in participation
rates.

For the computations of the various policy experiments we use data on
enrollment in higher education by type of education, HOOP-classification

25Average labor supply for males at the university (higher vocational level) equals 1566
(1551) hours per year, see table 6.18. Therefore, we think that 1600 hours is a good
approximation for a full-time job.

26We constructed a concordance between both classifications that is available upon
request from the author.
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and gender from Statistics Netherlands (1999). Further we added data on
the costs of education per student (grants, cost prices of education, and
tuition rates) in various HOOP area’s provided by the Dutch Ministry of
Education (2000, 2001b).

Estimation earnings profiles

We estimate earnings profiles of graduates separately for men and women,
and for higher vocational and university education. We adjust these wage
profiles by taking into account labor supply decisions, participation rates,
and the growth in participation rates, to correct the future earnings streams
of graduates. In our analysis we differentiate between various types of ed-
ucation. It is expected that earnings profiles differ for the various subjects
that students have chosen.

We estimate standard OLS regressions of Z-th order polynomial age-
earnings profiles with fixed effects for every education type. Our estimating
equation reads as follows:

ln(wage) = const+
8−1∑
j=1

αjdumj +
Z∑
z=1

βzzexp
z
j + ε,

where the dependent variable is the log of yearly gross wage income.27 dumj

is a dummy variable equal to 1 if education type is j = 1, ..., 8. (Note that
we drop one dummy for the last category in the estimations). expj is years
of working experience. α and β are the parameter vectors to be estimated.
ε is an error term.

Murphy and Welch (1992) argue that a quadratic wage profile misses some
essential aspects of the age earnings profile. Therefore, we estimate a more
flexible functional form with higher order terms. In order to determine the
degree of the polynomial function we first estimated a age-earnings profile
over the whole sample with age-dummies for every age. On the basis of this
estimation we computed the predicted wage profile. Next we estimated a Z-
th order polynomial profile and computed the predicted wages. We compared
the predictions of both wage profiles and found that after the fourth order
only marginal improvements in predictions were found. Lower order wage

27Note that the yearly gross wage is a linear transformation of hourly wage rates (based
on 1600 hours per year) so that labor supply effects do not enter here.
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profiles turned to miss essential characteristics at the tails, i.e., at low or
high levels of experience.

We do not estimate separate slope coefficients on experience for each
education type since the number of observations in each ‘age-type’ cell is too
low to obtain precise estimates on the experience terms. Only by reducing
the number of estimated coefficients for experience to a quadratic wage profile
one can obtain relatively precise estimates. This procedure has a large cost
because a quadratic wage profile does not represent the actual pattern of
life-cycle incomes very well. Consequently, we chose to do a fixed effects
estimation.

We define the experience variable as follows. We subtracted from age,
the approximate age at which the labor market is entered. We assumed that
each higher vocational graduate starts to work at the age of 22. This is based
on the notion that secondary education to enter higher vocational education
(HAVO) ends at age 17 and the presumed duration of higher vocational
education is 5 years. University graduates start one year later at the age
of 23, since secondary education to enter university takes one year longer
(VWO). We maintain the assumption that it takes 5 years to complete an
university education except for three education types. University graduates
with a beta-education (science or technical) start to work at the age of 24 and
university graduates with a medical education start working at age 25. The
latter exceptions reflect the respective longer durations of their education.

Table 6.17 gives the estimation results for men and women with higher
vocational and university education types respectively. In general, our vari-
ables of interest are highly significant at conventional confidence levels.

Labor supply effects

We correct the wage profiles for differences in working time, participation
rates, and growth in participation rates.

Hourly labor supply

Table 6.18 shows the average number of hours worked per year ordered by
education type for men and women respectively. The first thing to notice is
that labor supply for males is by and large the same for various subjects at
the higher vocational levels. Inspection of the figures reveals that men work
approximately full-time. The only exception is the category ‘arts’ where
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Table 6.17: Estimation results. Dependent variable is log yearly wage.

Higher vocational University
men women men women

Agriculture 0.119 0.052 0.27 0.166
(0.023)*** -0.051 (0.034)*** (0.057)***

Sciences 0.245 0.165
(0.027)*** (0.046)***

Technics 0.207 0.006 0.365 0.288
(0.012)*** -0.031 (0.024)*** (0.051)***

Medical 0.075 -0.064 0.335 0.219
(0.018)*** (0.014)*** (0.033)*** (0.035)***

Economics 0.251 -0.011 0.383 0.225
(0.011)*** -0.016 (0.024)*** (0.039)***

Law 0.126 -0.023 0.351 0.186
(0.023)*** -0.038 (0.028)*** (0.034)***

Soc. beh. 0.057 -0.066 0.088 0.077
(0.014)*** (0.014)*** (0.023)*** (0.025)***

Teacher -0.066 -0.143
(0.025)*** (0.033)***

Exp 0.157 0.163 0.135 0.146
(0.006)*** (0.006)*** (0.011)*** (0.014)***

Exp2/100 -0.856 -1.157 -0.669 -0.912
(0.061)*** (0.069)*** (0.108)*** (0.165)***

Exp3/10000 2.297 3.499 1.748 2.618
(0.241)*** (0.297)*** (0.418)*** (0.715)***

Exp4/1000000 -2.300 -3.695 -1.727 -2.675
(0.315)*** (0.414)*** (0.541)*** (1.020)***

Constant 2.865 3.072 2.992 3.089
(0.020)*** (0.019)*** (0.039)*** (0.043)***

s.e.e. .448 .526 .428 .48
Observations 13560 11113 5664 3050
R-squared 0.33 0.19 0.36 0.22
Standard errors in parentheses.

* significant at10%; ** significant at 5%; ***significant at 1%.

Note: Teacher is the reference subject for higher vocational education. Arts, culture and languages is the reference subject

for university education.
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Table 6.18: Yearly labor supply in hours by type of education.

Men Women
Higher voc. University Higher voc. University

Agriculture 1569 1626 1308 1359
Science 1606 1273
Technical 1625 1646 1275 1586
Medical 1444 1542 1106 1305
Economics 1610 1630 1384 1513
Law 1502 1599 1161 1449
Beh. & soc. 1473 1459 1189 1199
Arts 1146 1016
Lang. & cult. 1428 1231
Teachers 1512 1129
Average 1551 1566 1185 1288

Source: Statistics Netherlands (LSO, 1997)

labor supply is substantially lower. A similar pattern for men can be found
at the university levels of education.

As expected, women work less hours than men both at the university
and the higher vocational education levels. At higher vocational level labor
supply is about 15-20%-points lower, whereas somewhat smaller differences
with men are found at the university levels of education. Again, labor sup-
ply is the lowest in the arts category. Female labor supply for the classes
agriculture, sciences, technical, economics and law is systematically higher
than for the ‘softer’ categories health, behavioral and social, arts, languages
and culture and teachers.

Hourly labor supply over the life-cycle

Table 6.19 shows labor supply for various age-classes. These figures are not
surprising either. Male labor supply increases at the beginning of the life-
cycle, and drops after the age of 55 for both higher vocational and university
education. Figures for female hourly labor supply show that the drop in
labor supply occurs around the age of 35 years, whereas it remains relatively
constant thereafter.
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Table 6.19: Yearly labor supply in hours by age.

Men Women
Higher voc. University Higher voc. University

age ≤ 25 1122 1447 1132 1222
25 < age ≤ 35 1581 1613 1292 1382
35 < age ≤ 45 1591 1597 1117 1218
45 < age ≤ 55 1594 1550 1160 1166
age > 55 1484 1435 1008 1231
average 1551 1566 1185 1288

Source: Statistics Netherlands (LSO, 1997)

Table 6.20: Participation rates by age.

Men Women
Higher voc. University Higher voc. University

age < 25 .60 .80 .71 .77
25 < age ≤ 35 .93 .93 .80 .85
35 < age ≤ 45 .97 .96 .69 .80
45 < age ≤ 55 .92 .93 .64 .75
age > 55 .39 .54 .23 .45
average .85 .89 .67 .79

Source: Statistics Netherlands (EBB, 1997)

Participation

The labor supply figures were based on working individuals only. However,
we have to correct for labor force participation as well, since not everyone
is working after graduation due to voluntary exit from the labor market or
unemployment. Table 6.20 shows participation rates for men and women at
higher vocational and university education for various age classes.

The pattern in table 6.20 is well known. Labor force participation first
increases and then decreases with age. For men the substantial drop in
participation rates occurs after the age of 55, whereas for women a first drop
occurs at the age of 35, and then a second drop in participation can be seen
at the age of 55. Labor force participation rates for men at higher vocational
and university education are roughly comparable. The differences lie in the
fact that men at university levels of education start to participate earlier and

232



Chapter 6 Education Finance Reform

Figure 6.4: Participation rates 1998-2020
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remain to participate at higher rates when they are old.
The latter observation also holds for women. University educated women

participate more when young and older. The major reason for the relatively
low participation rate of women with higher vocational education is due to
the fact that the first drop in labor force participation (at the age of 35) is
much larger than for women with university education.

Projections for the future reveal that labor force participation rates in-
crease. Only modest increases in labor supply of men are expected in the
early years of the 21th century that level off, later on. For women the in-
creases are more substantial. Figure 6.4, based on Statistics Netherlands/CPB
(1997), shows these trends.

In order to relate the trend in labor supply to our figures of labor force
participation we construct an index (1997=1) of labor force participation. We
are not able to differentiate the aggregate trends in labor force participation
between the various education levels, only age classes. As such, we cannot
compare aggregate participation rates with participation rates of higher ed-
ucated workers as the latter are much higher than the former. By using an
index we attempt to correct for this trend. This procedure could generate
an upward bias in participation growth because the participation rates of
higher educated workers is already high and therefore probably less likely to
increase at the same rate as the aggregate participation rate.
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Conclusion

In this last Chapter, I will draw some conclusions. I start with a summary
of the most important results. Then I discuss how these results can shed
some light on practical policy issues. And, finally, I sketch some potentially
interesting avenues for future research.

7.1 Summary of theoretical results

Optimal taxation in the absence of education subsidies

The analyses of Chapters 2, 3, and 4 and 5 shed light on the setting of the
optimal tax system in the absence of education subsidies. This corresponds
to the (extreme) case where learning efforts are completely unobservable by
the government. In Chapter 4 we also analyze the case where education sub-
sidies are allowed for and subsidies are a perfect instrument in the sense that
learning efforts are perfectly observable, see also below. In reality education
subsidies are neither completely imperfect nor completely perfect, so that all
analyses contribute to our understanding of the setting of the optimal tax
system.

In Chapter 2 we extended to standard optimal linear taxation model
of labor supply with endogenous human capital formation. Chapter 2 shows
that positive feedback effects between labor supply and investments in human
capital importantly increase the elasticity of the tax base with respect to the
tax rate on labor income. Consequently, the optimal linear tax rate is reduced
when human capital formation is endogenous. This accords to standard
Ramsey intuition. Numerical evidence shows that reductions in optimal taxes
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are indeed substantial when human capital formation is endogenized.
In Chapter 3 we analyze the consequences of imperfect capital markets

for the setting of the optimal tax linear tax schedule. The most important
difference with Chapter 2 is that borrowing is impossible. Credit constraints
prevent (poor) individuals from to investing optimally in human capital. We
show that the optimal tax on labor is progressive from a pure efficiency
point of view, i.e. in the absence of distributional concerns. A progressive
tax schedule redistributes incomes from the old to the young so that the
liquidity constraints of the young are relaxed. Numerical simulations show
that optimal taxes substantially increase due to capital market failures even
if credit constraints are binding for only 25% of the population.

In Chapter 5 we analyze non-insurable idiosyncratic income risks. These
result in under-investment in human capital if students are risk averse. Also
here, a progressive income tax is optimal from a pure efficiency point of view,
since a redistributive graduate tax insures graduates against future income
risks so that under-investment in human capital is mitigated.

In Chapter 4 we extend the model of Chapter 2 to allow for a two-bracket
rather than a linear labor income tax. Furthermore, we allow for capital
income taxes. We do not discuss credit constraints and uncertainty in this
Chapter. We find that the optimal labor features increasing marginal rates.
The tax schedule is more progressive in the presence of elastic unskilled labor
supply or capital taxes. The tax on skilled labor is used to reduce income
inequalities, whereas the tax on unskilled labor is used to boost investment
in human capital. The reason for the stimulation of skill formation is that
the tax on skilled labor distorts education choices. Only if capital taxes are
zero and unskilled labor supply is exogenous the labor tax is flat. In that
case, the tax on unskilled labor is sufficient to off-set tax distortions arising
from redistribution (if costs of education are deductible). The labor tax is
more progressive if unskilled labor becomes more elastic (so that the tax
on unskilled labor features larger distortionary costs) and capital taxes are
higher, so that skill formation is stimulated by discouraging financial savings.

We find that a dual income tax with a positive capital tax and a progres-
sive labor tax is optimal if costs of education are not deductible for the labor
tax. The capital tax complements the tax on unskilled labor to stimulate
incentives to acquire human capital. A trade-off emerges between distorting
the labor market for unskilled labor and distorting the capital market. The
more important labor market distortions become, the more the government
relies on capital taxes to stimulate investment in human capital, rather than
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burdening the employment prospects on the unskilled. Note that this trade-
off disappears when costs of education are in fact made tax deductible, which
is a more direct way to address this issue.

Optimal taxation and education subsidies

Chapter 4 allows for education subsidies as well and analyzes to what extent
education subsidies change the optimal tax structure. Education subsidies
are now a perfect instrument to offset learning distortions, since all learning
efforts can be perfectly observed.

We find that the government relies neither on taxes on unskilled labor, nor
taxes on capital to reduce tax distortions on investments in human capital.
In contrast to education subsidies, the latter instruments cause distortions
in labor and capital markets. So the government can do better by employing
education subsidies that avoid these distortions. Education subsidies ensure
efficiency in human capital formation. Consequently, the tax system does
not distort investment decisions and all distortions (of redistribution) are
located at the consumption side of the economy (Diamond and Mirrlees,
1971). Finally, the labor tax is more progressive if education subsidies are
allowed for. Therefore, efficiency losses of more progressive income taxation
are lowered and the government sets a more progressive tax accordingly.

The reason that the government sets a more progressive tax system when
it has education subsidies as an instrument is as follows. The combination of
education subsidies and the tax on skilled labor creates a non-distortionary
tax on ability rents. I.e., all income is subject to the labor tax, including the
rents from having higher ability, but subsidies are only given to compensate
for the loss in returns from human capital formation arising from taxation.
As such, education subsidies serve a similar role as an investment credits
under the corporate tax.

Even though education subsidies are regressive, they allow the govern-
ment to set a more progressive tax schedule so that the combination of
progressive taxes and education subsidies yields more equality. Numerical
calculations reveal that tax distortions go a long way in explaining the cur-
rent level of education subsidies.
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Optimal education finance

Chapter 5 studies how education should be financed when capital markets
fail and income risks of investments in human capital cannot be insured.
Capital and insurance markets fail due to adverse selection effects and the
impossibility to write income contingent contracts. We have shown that an
equity participation model implemented by the government tackles both the
capital market imperfection and the insurance market imperfection. The
reason is that the government, can in contrast to the private sector, write
and enforce the income contingent contracts that would result when private
parties were allowed to do so.

Education subsidies are not an efficient instrument to restore inefficiencies
caused by capital and insurance market failures. The reason is that education
subsidies are not effective in reducing income risks. Furthermore, education
subsidies have to be financed from general tax revenues. This is costly due
to tax-distortions arising from revenue raising.

Chapter 6 illustrates the theory of Chapter 5 by analyzing a reform of
higher education financing. We studied the switch from a system with mainly
subsidies to education to a system where graduates pay part of the costs of
education through a graduate tax (GT) or an income contingent loan system
(ICL). We showed that substantial reductions in government outlays can be
achieved. There seems to be a ‘free lunch’ since costs of protecting the stu-
dents from lower socioeconomic groups can be substantially lowered without
erecting barriers to students from these groups. The reason is twofold. First,
no subsidies are directed to graduates who have sufficiently high incomes over
the life-cycle to finance the costs themselves. Second, no external subsidies to
cover the default risks from those with insufficient incomes are needed if the
risks of default on loans are pooled amongst graduates. If the costs of default
are not shared amongst graduates, but financed from general tax revenue,
the savings on government outlays are less, since ex ante subsidies to every
student are replaced by ex post subsidies to the graduates who default.

7.2 Policy implications

What can policy makers learn from this book? In the introduction we dis-
cussed a number of trends and policy changes in recent years. With the
insights of this book we can touch upon some issues that are of practical
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importance.

A less progressive labor tax?

Should the progressivity of the labor tax increase or not? Less tax progression
is often defended on grounds of increased mobility of skilled labor, interna-
tionalization, supply-side policies in general and the growing importance of
human capital in modern economies. All these trends increase the effective
elasticity of skilled labor supply.

This book only partially vindicates the concerns about progressive taxes.
Indeed, given the inter-dependence of labor supply decisions and investments
in human capital, we showed that elasticities of taxable incomes increase
and that the optimal tax system should become less progressive. The trade-
off between equity and efficiency is worsened if human capital formation,
in addition to labor supply, is important. Further, if the government would
replace education subsidies by a less costly system of equity participation, the
capital and insurance market imperfections are of less practical importance.
Then, the scope for progressive labor taxation to correct failing capital and
insurance markets is reduced.

At the same time, one observes large increases in income inequality be-
tween skilled and unskilled workers, but also within these groups, due to e.g.
skill biased technological change, increased internationalization and capital
skill complementarities. Hence, the demand for redistribution has increased.
Further, many European countries adopted labor market policies to foster
labor supply of the unskilled, in view of the low participation rates of these
groups, by means of EITC-type of tax reliefs for the low income earners,
notably the low skilled. By increasing the income gap between work and
(unemployment) benefits, labor supply of the low skilled is stimulated.

However, by increasing the progressivity of the labor tax, by e.g. an
EITC, incentives to acquire skills are harmed. We have shown that these
type of policies are optimally combined by the introduction of education
subsidies to offset tax distortions on human capital formation. Also shift-
ing the tax burden from the labor market towards the capital market may
restore incentives to acquire skills if education subsidies are not a perfect in-
strument to off-set tax distortions on learning. The trade-off between equity
and efficiency is importantly improved if education subsidies are allowed for.
Progressive labor taxation still distorts the labor market, however. These
distortionary costs need to be balanced against the distributional gains.
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In any case, the Dutch government would therefore have done better by
combining an EITC including a phase out range with increased education
subsidies. Instead, it adopted an EITC without a phase out range and with-
out education subsidies. With education subsidies and a more progressive
EITC, the same amount of redistribution would have occurred at lower ef-
ficiency costs. Similarly, more incentives for low skilled workers could have
been achieved while keeping income equality the same.

Reduce capital taxes?

Should capital taxes be reduced? Again, internationalization is important
since it boosts mobility of tax bases and increases welfare losses of taxation.
Also important is the upcoming ageing of the population which puts pressure
on governments budgets to finance costs of public pensions. Governments
may stimulate private (pension) savings by means of reducing taxes on capital
(pension) incomes in order to relax the burden on public finances.

We have shown that higher (residence based) capital taxes increase in-
vestments in human capital. When education subsidies are restricted, capital
taxes can be employed to reduce the need to tax unskilled labor in order to
foster human capital formation. Indeed, if the objective is to stimulate in-
vestments in human capital, discouraging investments in non-human assets
is an option. Clearly, lowering marginal taxes on capital income – as we
have seen in the last major tax reform in the Netherlands – does not help
to stimulate human capital formation. Furthermore, one could expect that
fiscal subsidies on, for example, pensions and owner occupied housing may
cause a serious disincentives to acquire skills, especially among the older
workers (who supply less labor and therefore already have low returns to
skill acquisition).

Also here, much depends on the use of education subsidies. If education
subsidies are an effective instrument, there is no need to rely on capital taxes
to stimulate skill-acquisition. Compared to capital taxes education subsidies
are a more efficient instrument to stimulate investments in human capital
than capital income taxes. Therefore, capital taxes may indeed be reduced,
if education subsidies are simultaneously increased. Clearly, the progressiv-
ity of the labor tax should increase as well since the costs of redistributing
incomes decreases.
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Introduce an equity participation model for financing education?

Governments may increase private contributions in order to loosen fiscal
constraints or to achieve more equality in the income distribution. Also
private contributions are generally associated with individualization tenden-
cies where benefit principles become more important. One way to do so
is through increasing private contributions with a graduate tax (GT) or an
income contingent loan (ICL) for the financing of higher education.

This thesis has shown that a graduate tax or income contingent loan sys-
tem to raise private contributions has the character of a ‘free lunch’. Capital
and insurance market failures are directly tackled by providing (poor) grad-
uates with funds and protecting graduates against income uncertainty and
high default risks through income contingent repayments. Guaranteeing ac-
cessibility is much cheaper with an equity participation model compared to
education subsidies. This holds irrespective of the level of education subsi-
dies. The reason is that no subsidies are directed towards people without
liquidity constraints and without income risks. This reduces the deadweight
losses of financing subsidies. Furthermore, we have shown that using educa-
tion subsidies is an highly imperfect substitute for providing income insur-
ance, because (future) income risks are not insured.

Income risks can be (partly) pooled (insurance) so that costs of default
are shared amongst graduates, rather than shifted to society at large. Risk
averse individuals are willing to pay a premium for reductions in future in-
come uncertainty. Further, the average graduate earns, in view of the high
return on education, in general such a high income that private financing of
(part of) the costs of education is no problem at all. Calculations for the
Netherlands have been presented which these suggest that a graduate tax of
6% is sufficient to recoup all costs of education.

The amount of income insurance is restricted by considerations of adverse
selection or moral hazard. The more important these considerations become,
the less insurance can be offered without jeopardizing work and learning ef-
forts of graduates. If moral hazard or adverse selection are important, the
ICL therefore becomes more attractive relative to GT because income risks
are less well insured. Not much is known on the importance of moral hazard
and adverse selection problems. On the one hand one may argue that moral
hazard and adverse selection are important because private markets do not
exist. On the other hand one may claim that these problems are less relevant
because the government does not even allow an effective market to emerge
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due to legal restrictions. Furthermore, the government may restrict informa-
tion problems by screening and selecting students, reducing drop-out rates,
making repayments dependent on costs of education, length of enrollment
and future earnings, and integrate the repayment scheme in the tax system.
Arguably, the government suffers less from asymmetric information than the
private market.

Reduce education subsidies?

Should education subsidies be reduced? Many proposals to increase pri-
vate contributions are based on notions of equity (‘benefit principle’) and
efficiency. In addition, fiscal pressures as a consequence of the EMU criteria
and the ageing of the population also play a role. The introduction presented
a number of arguments that justify education subsidies on the basis of capi-
tal and insurance market failures, externalities, non-economic arguments and
tax distortions.

We show that a GT/ICL rather than education subsidies is the optimal
response to failing capital and insurance markets. Furthermore, we are scep-
tical about the externalities argument. However, education subsidies can
help to reduce adverse consequences of a redistributive tax system on edu-
cation choices. Although a large part of education subsidies can be justified
on these grounds, still subsidies are larger than necessary to offset tax dis-
tortions. If one believes that consumption motives are important as well,
the scope to justify education subsidies on the basis of tax distortions di-
minishes. The reason is that the true tax wedge on investments in human
capital is lowered because the consumption benefits escape the income tax.
A cut in education subsidies (on higher education) can therefore be defended
on grounds of efficiency and equity.

7.3 Future research

This thesis has abstracted from potentially important aspects that may de-
serve further research. I only mention a view topics that are interesting for
further research.

• Understanding student behavior – This thesis employs the human cap-
ital model to guide behavior of agents. We took the view that edu-
cation is an investment good. However, the theory of human capital
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can be criticized. Clearly some results would change if, for example,
consumption motives are allowed for. If there are non-taxed benefits of
education, education subsidies might not be needed to restore efficiency
in human capital formation. Also, non-taxed benefits of education may
make the instrument of education subsidies less effective in restoring
efficiency in learning. Furthermore, imperfectly verifiable education ef-
forts, as in Van Ewijk and Tang (2000a), provide an interesting case for
future research. The cases in which education subsidies are restricted
to be zero already provide some intuition on the setting of the optimal
tax system. However, further research on the setting of the optimal
tax system in the presence of imperfectly observable education efforts
and consumption motives of education is needed.

Only 15% of Dutch students borrow to finance investments in higher
education, see Ministry of Education (2000). Instead, they seem to
work more and consume less leisure. At closer inspection this behavior
is inconsistent with the human capital model. The average returns on
human capital are in the range of the returns on equity. One may argue
that, borrowing money at the safe real interest rate and investing the
same money in education with a way larger return yields a ‘money
machine’. This is a version of the ‘human capital premium puzzle’, see
also Judd (2000). Moreover, adding consumption motives would make
the returns to education even larger so that the equity premium puzzle
becomes more puzzling. Although we think that risk-aversion is very
important for graduates, it could be that risk-aversion arguments may
not be sufficient in explaining a real rate of return to human capital
in the order of 8-9%. One may ask: “Why are returns to education
so large compared to other investments with similar risks?”, “Why
are there apparently unexploited arbitrage possibilities in education?”,
“Why choose graduates borrow so little?”. Clearly, future research may
shed some light on this topic.

• Political economy aspects – A neglected issue in this book is the political
system. Political economy may help to understand current government
policies. Intriguingly, there are apparently possibilities to improve the
efficiency of government policies, but these aren’t put in place. For ex-
ample, the switch to a GT/ICL, or combining an EITC with education
subsidies. Apparently, policy prescriptions should not only be based on
considerations of (second-best) optimality from welfare economics, but
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policies need also be politically feasible. An interesting contribution
by Fernàndez and Rogerson (1996) shows that perverse redistribution
(from poor to rich) may actually be the outcome of the political process.

Even Pareto improving policies may be blocked in the political process.
These policies are such that at least some people gain, whereas others
are not being hurt by the policy. For example, it may be the case that a
policy proposal to reform education finance, actually informs the larger
public about the total amount of education subsidies that are actually
going to the most wealthy part of the nation. Now these subsidies are
‘hidden’ in grants, free-travelling (OV-kaart), tuition fees that are be-
low cost-price of education, etc. Although, average subsidy levels may
remain at current levels when the policy is enacted, the beneficiaries
(graduates especially with more wealthy backgrounds) may fear that,
in the future, political demand for lower subsidies may be increased.
If these stake-holders can organize their interests more effectively than
the average tax-payer Pareto improving polices are not put into place,
cf. Stiglitz (1998). At a deeper level, this reflects the inability of the
government to commit to anncounced policies. For future research, at-
tention has to be paid to the political feasibility of tax and education
policies.

• Time consistent policies – We assumed that all policies were time-
consistent, but in general there is a problem with the time-consistency
of government policies. In a promising new line of theoretical research,
some authors have begun to argue that the setting of second-best poli-
cies is not possible since the government cannot pre-commit to the
announced policies, such as the setting of the tax, see e.g. Boadway et
al. (1996) and Andersson and Konrad (2001). In the case of the setting
of the optimal tax, a hold-up problem emerges: people know that the
government engages in excessive taxation after the investments in hu-
man capital have been made. Based on this expectation of government
intervention, people reduce investments in human capital. The govern-
ment should take this behavioral response into account when setting
optimal taxes. Due to the time-inconsistency of its policies the optimal
tax structure has become ‘third-best’. The government can (partly)
escape this problem by means of education subsidies. This may be an
additional explanation for the use of education subsidies.
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We think that education policies are a potentially effective device to
address other time-inconsistency problems. For example, the govern-
ment enforces minimum wage laws for poor workers, and protects the
poor from social exclusion and poverty by means of social insurance
and social benefits. This creates a so called Samaritan dilemma for
the government, since the government cannot credibly announce that
it denies social benefits to those who are deliberately opting for a career
on the dole. The result is an excessive demand for social insurance and
benefits and under-investments in human capital. Education policies
may potentially be suited to soften this Samaritan dilemma. By giving
incentives to invest in human capital, especially for the people with low
abilities, the risk of excessive demand for social insurance and benefits
is reduced. The reason is that, for skilled workers opting for a social
benefit becomes less attractive since their wages are higher relative to
the benefit. Future research is needed also in this area because the
Samaritan dilemma and other time-consistency problems may yield a
pure economic underpinning of paternalistic or Marxian notions to ‘lift’
the lower social economic classes.

• Dynamic aspects and the intergenerational distribution – We only stud-
ied the intragenerational distribution of welfare. However, as Heckman
et al. (1998a) and Heckman (2000) have pointed out, learning and hu-
man capital formation are by their very nature activities taking place
over the entire life-cycle. In order to get a better understanding on the
effects on tax and education policies it is only a natural extension of
this book to look at the intergenerational distribution of welfare as well
in a multi-period model with human capital formation.

With large changes in life-cycle patterns of individuals and family com-
positions in recent decades, a natural extension is to add within the
family formation of human capital. Most analyses have generally ne-
glected intergenerational transfers of human capital. But, as Heck-
man (2000) forcefully argues, these intergenerational effects are im-
portant ingredients for incentives to acquire skill over the life-cycle
(‘skill-begets-skill’ and ‘learning-begets-learning’).

Another important extension is a more elaborate analysis on the role
of credit constraints. This thesis analyzed a very stylized model of
human capital formation with credit constraints. It is of interest to
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include more decision margins, such as an endogenous labor supply de-
cision. Indeed, people may respond to credit constraints by supplying
more labor when they are credit constrained. Observation suggests that
students indeed respond to increased tuition fees and lower grants by
consuming less leisure rather than borrowing more. Therefore, the po-
tential efficiency gains of progressive taxation to correct capital market
distortions may be decreased.

In addition, credit constraints not only affect the amount of resources
parents can devote to investments in human capital of their children,
but also time devoted to human capital formation of children, es-
pecially at pre-school ages. Credit constraints not only hamper the
inter-temporal smoothing of consumption, but also the inter-temporal
smoothing of leisure time. Credit constraints preventing smoothing
of leisure time may become more important, especially for households
where both partners work. Further research on the role of credit con-
straints may therefore be of interest.

• General equilibrium and open economy considerations – We did not pay
attention to general equilibrium effects on wages and interest rates by
fixing factor prices by resorting to small open economy assumptions.
Factor price equalization, however, is difficult to observe in practice
and general equilibrium effects on wages and interest rates are likely
to play a role even in open economies. Heckman et al. (1998a, 1998b,
1998c) developed a closed economy dynamic general equilibrium model
of human capital formation with heterogeneous households. The main
message of these papers is that general equilibrium effects of tax and
education policies are so strong that the initial incentives of policies are
‘washed out’ through general equilibrium effects on the interest rate
and wages. For example, reducing tuition rates stimulates investment
in human capital. Consequently, skilled labor becomes less scarce, and
the returns to human capital fall accordingly. This reduces incentives to
invest in human capital. Therefore, the potency of government policies
may be greatly exaggerated.

In Heckman et al. (1999) an open economy version of this model is
developed. But I think that more research to analyze open economy
versions of similar models is needed. The latter authors find that the
capital stock falls in response to policies that stimulate skill formation.
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In a small open economy one would expect exactly the reverse. Further,
there is no apparent tendency for factor price equalization. Relative
wage differentials are independent of trade and therefore determined on
national markets only. One may extend the model with trade in various
commodities differing in their skill contents, to analyze the effects of
tax and education policies. Furthermore, these models are potentially
very well suited to study both the inter- as well as intragenerational
distribution of welfare.

With the upcoming ageing of the population in many Western coun-
tries it is of importance not only to look at the financial sustainability
of public finances, but also labor market attachment, especially of the
old. Ageing has also consequences for human capital formation. Poli-
cies to improve upon labor force participation and skill-formation are
especially important in this respect. Furthermore, if one may approxi-
mate the EU as a closed economy, one can also expect important effects
of ageing, which occurs simultaneously in most EU countries, on factor
prices such as interest and wage rates. As a result of changing interest
and wage rates, ageing may not only have important consequences for
the sustainability government finances, but also for the sustainability
of private pension funds, the incentives to acquire human capital, the
distribution of incomes between skilled and unskilled workers, and the
intergenerational distribution of welfare.
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Summary in Dutch
(Samenvatting)

Dit proefschrift gaat over openbare financiën en menselijk kapitaal. In-
vesteringen in menselijk kapitaal zoals onderwijs en ‘on-the-job training’
hebben kosten. Er zijn indirecte kosten omdat men niet kan werken: het
ge-derfde inkomen. Daarnaast zijn er directe scholingskosten zoals boeken,
collegegeld, computers, en dergelijke. De baten van investeringen in menselijk
kapitaal zijn in belangrijk opzicht materieel in de vorm van hogere lonen.
Daarnaast zijn er ook immateriële baten zoals een prettig studentenleven,
maatschappelijke status en leukere banen. In dit proefschrift blijven de im-
materiële baten buiten beschouwing. De overheid bëınvloedt via het belas-
tingstelsel en het onderwijsbeleid zowel de kosten als de baten van investerin-
gen in menselijk kapitaal: studiebeurzen verlagen de gederfde arbeidsinkom-
sten tijdens het volgen van onderwijs; (progressieve) belastingen verlagen
de financiële opbrengsten van het volgen van onderwijs, maar bëınvloeden
ook de kosten omdat ze het gederfde inkomen tijdens de studie ook verla-
gen; niet-kostendekkende collegelden vormen een subsidie op investeringen in
menselijk kapitaal; kapitaalbelastingen ontmoedigen besparingen in de vorm
van financieel kapitaal zodat substitutie naar besparingen in menselijk kapi-
taal optreedt.

In dit proefschrift wordt geanalyseerd hoe de overheid het belastings-
telsel en onderwijsbeleid zo optimaal mogelijk kan inrichten. Een belangrijke
reden voor overheidsingrijpen in het onderwijs vindt zijn oorsprong in het
falen van kapitaal- en verzekeringsmarkten. Daarnaast poogt de overheid
via het belastingstelsel de inkomensverdeling met economisch verstorende
instrumenten te bëınvloeden.

We beschouwen deze vragen vanuit het perspectief van de moderne open-
bare financiën. Het belang van de benadering is dat ze rekening houdt met
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de onmogelijkheid om ‘first-best’ te bereiken. Dat is de situatie waarin de
overheid gelijktijdig al haar doelstellingen kan realiseren. Echter, de overheid
heeft geen perfecte controle over de economie. Daardoor ontstaan afruilen,
zoals de afruil tussen doelmatigheid en rechtvaardigheid. Daar waar ‘first-
best’ overwegingen geen soulaas bieden, kunnen ‘second-best’ overwegingen
verklaringen bieden voor in de praktijk geobserveerd beleid. Er worden ver-
scheidene theoretische modellen ontwikkeld die licht werpen op de optimale
structuur van belastingen, onderwijssubsidies en optimale financiering van
(hoger) onderwijs.

Samenvatting resultaten

Optimale belastingen bij afwezigheid van onderwijssubsidies

In hoofdstukken 2, 3 en 4 wordt geanalyseerd hoe de overheid het belasting-
stelsel zou moeten inrichten indien haar instrumentarium beperkt is en ze
niet beschikt over onderwijssubsidies. Dit geval komt overeen met het (ex-
treme) geval dat de overheid niet kan observeren hoe veel en hoe hard mensen
studeren. In hoofdstuk 4 bespreken we ook het geval dat de overheid wel de
beschikking heeft over onderwijssubsidies. In dat geval zijn onderwijssub-
sidies een perfect instrument om de leerbeslissing te bëınvloeden aangezien
de overheid perfect de leerinspanningen van mensen kan observeren. In de
werkelijkheid zijn leerinspanningen echter imperfect observeerbaar. Daarom
dragen alle hoofdstukken bij aan een beter begrip van het optimale belas-
tingstelsel.

In hoofdstuk 2 breiden we het standaard model van optimale lineaire be-
lastingen (vlaktaks) uit door de leerbeslissing, naast de arbeidsaanbodbeslis-
sing, mee te nemen in de analyse. In het standaard, neoklassieke model is de
verdiencapaciteit van mensen een exogeen gegeven. Door uitbreiding met een
leerbeslissing wordt de verdiencapaciteit en daarmee de mate van inkomens-
ongelijkheid endogeen. Arbeidsaanbod heeft nu zowel een kwantiteitsdimen-
sie (aantal gewerkte uren) als een kwaliteitsdimensie (hoeveelheid menselijk
kapitaal). Beide dimensies van arbeidsaanbod hangen in belangrijke mate
samen. Hoe meer men werkt gedurende het leven, hoe hoger de opbrengsten
worden van investeringen in menselijk kapitaal. De reden is dat het geaccu-
muleerde menselijk kapitaal een hogere ‘bezettingsgraad’ heeft. Omgekeerd
geldt hetzelfde. Hoe meer menselijk kapitaal er is vergaard, hoe duurder de
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consumptie van vrije tijd wordt. Loonvoeten per gewerkt uur stijgen indien
men meer is geschoold. De positieve terugkoppeling tussen leren en werken
verhoogt in belangrijke mate de belastingelasticiteit van het inkomen. Met
andere woorden, het belastbaar inkomen daalt sterker in reactie op een ver-
hoging van belastingen. De efficiëntiekosten van belastingheffing worden dus
onderschat indien men de endogeniteit van de leerbeslissing negeert. Door
de hogere efficiëntiekosten van belastingheffing verslechtert de afruil tussen
rechtvaardigheid en doelmatigheid en de overheid moet dus het belasting-
stelsel minder progressief maken. Indien rekening wordt gehouden met de
endogeniteit van de leerbeslissing laten numerieke calculaties zien dat het
optimale belastingstelsel aanmerkelijk minder progressief is.

In hoofdstuk 3 bespreken we de gevolgen van imperfecte kapitaalmarkt-
en voor de optimale vlaktaks. Het belangrijkste verschil met hoofdstuk
2 is dat mensen geen geld kunnen lenen als ze jong zijn om hun investe-
ring in menselijk kapitaal te financieren. De kapitaalmarktimperfectie leidt
tot onderinvesteringen in menselijk kapitaal, met name voor mensen van
arme afkomst. We leiden af dat het optimale belastingstelsel progressief is
uit pure efficiëntie overwegingen, dus zelfs als de overheid geen inkomens
wil nivelleren. Dit is contra-intüıtief omdat de gangbare mening is dat
progressieve belastingen verstorend zijn en in het algemeen leiden tot ef-
ficiëntie verliezen. De intüıtie voor dit resultaat is dat progressieve belastin-
gen inkomens herverdelen van oude, rijke mensen, naar jonge, arme mensen.
Door deze herverdeling van inkomen over de levenscyclus zijn jongeren min-
der gerantsoeneerd in hun inkomen en worden de averechtse gevolgen van
de kapitaalmarktimperfectie ondervangen. Zonder progressieve belastingen
is de leerbeslissing niet verstoord door het belastingstelsel, maar wel door de
kapitaalmarktimperfectie. Het heffen van progressieve belastingen zorgt voor
een balans tussen beide verstoringen. Het verminderen van de verstoring in
de kapitaalmarkt, wordt afgewogen tegen de toenemende verstoring van de
belastingheffing. Numerieke berekeningen tonen aan dat de progressie in het
optimale belastingstelsel aanzienlijk toeneemt, zelfs als slechts de armste 25%
van de bevolking gerantsoeneerd is bij de leerbeslissing.

In hoofdstuk 5 is de opbrengst van investeringen in menselijk kapitaal
onzeker en is de verzekeringsmarkt imperfect. Diversificeerbare risico’s die
verbonden zijn aan de investering in menselijk kapitaal zijn daardoor niet
verzekerbaar. Risicomijdende studenten eisen dan een hoger rendement op
hun investering in menselijk kapitaal als vergoeding voor de inkomensrisico’s.
Dit resulteert in een maatschappelijke onderinvestering in menselijk kapitaal
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omdat de risico’s op maatschappelijk niveau gedeeld kunnen worden. Ook
hier is in tegenstelling met de gangbare intüıtie een progressief belasting-
stelsel optimaal. Een herverdelend belastingstelsel is een substituut voor de
verzekering en ondervangt daarmee de verzekeringsmarktimperfectie. Pro-
gressieve belastingen herverdelen inkomens van geluksvogels naar pechvogels
hetgeen precies is wat een verzekering beoogt. Doordat de spreiding van
toekomstige inkomens met progressieve belastingen kleiner wordt, nemen in-
vesteringen in menselijk kapitaal toe omdat de vereiste risicopremie op de
investering daalt. Het ondervangen van de verzekeringsmarktimperfectie met
progressieve belastingen geeft daarom – net als bij de kapitaalmarktimper-
fectie – een welvaartswinst.

In hoofdstuk 4 breiden we het model van hoofdstuk 2 uit met een niet-
lineare belastingstructuur met twee schijven (twee-traps taks). Bovendien
laten we nu ook kapitaalbelastingen toe als overheidsinstrument, naast de be-
lasting op arbeidsinkomen. Dit stelt ons in staat om de optimale duale inkom-
stenbelasting te bepalen. Tevens is het arbeidsaanbod van ongeschoolde ar-
beid endogeen, in plaats van exogeen. We laten evenwel geen imperfecte
kapitaal- en verzekeringsmarkten toe. We laten zien dat de optimale belast-
ingstructuur op arbeidsinkomen oplopende marginale tarieven kent. De be-
lasting op geschoolde arbeid, de hoogste schijf, heeft als functie om inkomen-
songelijkheid te verminderen, terwijl de belasting op laaggeschoolde arbeid,
de eerste schijf, wordt gebruikt om de verstorende effecten van belastin-
gen op de leerbeslissing te verminderen. Immers, hogere belastingen op
laaggeschoolde arbeid verminderen gederfde inkomens tijdens het studeren
waardoor het aantrekkelijker wordt om te gaan leren.

De belastingstructuur kent sterker stijgende marginale tarieven als het
arbeidsaanbod van ongeschoolde arbeid elastischer is. De reden is dat de
overheid met een afruil wordt geconfronteerd tussen enerzijds het elimineren
van belastingdistorsies op de leerbeslissing en anderzijds het verminderen
distorsies in het arbeidsaanbod van laaggeschoolden. Alleen als de kapitaal-
belasting nul is, kosten van onderwijs volledig aftrekbaar zijn voor de arbei-
dsbelasting en het arbeidsaanbod van laaggeschoolden compleet inelastisch
is, dan is een vlaktaks met constante marginale tarieven optimaal. Dan
verstoort alleen het tarief op geschoolde arbeid de leerbeslissing en is de
belasting op ongeschoolde arbeid een perfect instrument geworden om be-
lastingverstoringen op de leerbeslissing als gevolg van inkomensherverdeling
te elimineren.

Als belastingen op kapitaal hoger zijn, dan moet het tarief op arbeid ook
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sterker oplopen. Door kapitaal te belasten wordt leren impliciet gesubsi-
dieerd en zal er onder een vlaktaks (en aftrekbare scholingskosten) inefficiënt
veel gëınvesteerd worden in menselijk kapitaal. Door opbrengsten van in-
vesteringen in menselijk kapitaal zwaarder te belasten worden de leerinspan-
ningen ontmoedigd en de distorsie in de portfoliokeuze tussen besparingen in
financiële en menselijke vormen weggenomen.

Als scholingsuitgaven niet aftrekbaar zijn dan is een duale inkomstenbe-
lasting met positieve kapitaalbelastingen en oplopende tarieven in de arbeids-
belasting optimaal. De reden is dat de kapitaalbelasting, de belasting op
ongeschoolde arbeid complementeert bij het reduceren van de verstorende
effecten van herverdeling op investeringen in menselijk kapitaal. Door inzet
van kapitaalbelastingen wordt de druk om ongeschoolde arbeid te belasten
minder en worden distorsies van herverdelende belastingen over zowel de ar-
beidsmarkt en de kapitaalmarkt uitgesmeerd.

Optimale belastingen en onderwijssubsidies

In hoofdstuk 4 laten we ook onderwijssubsidies toe als overheidsinstrument.
Onderwijssubsidies zijn nu een perfect instrument in de handen van de over-
heid om distorsies op de leerbeslissing te elimineren. Dit is tevens equiva-
lent aan het toelaten van aftrekbare scholingskosten. Beiden veronderstellen
namelijk dat leerinspanningen perfect observeerbaar zijn. We stellen ons de
vraag in hoeverre onderwijssubsidies, de optimale belastingstructuur van de
twee-traps taks op arbeid en kapitaalbelastingen bëınvloeden.

Als de overheid de beschikking heeft over onderwijssubsidies dan zal ze
noch ongeschoolde arbeid, noch kapitaal belasten om de belastingdistorsies
op de leerbeslissing te elimineren. Onderwijssubsidies hebben, in tegen-
stelling tot belastingen op laaggeschoolde arbeid en kapitaalbeslatingen geen
verstorende effecten op arbeids- en kapitaalmarkten. Alle verstoringen van
herverdeling worden dus aan de consumptiezijde van de economie gelegd en
alle productiebeslissingen zijn efficiënt. Tevens kent de twee-traps taks op
arbeid zeer stijl oplopende marginale tarieven. Het tarief in de eerste schijf
is nul. Dit is een speciale variant van een EITC (Earned Income Tax Credit)
waarbij ongeschoolde arbeid niet wordt belast.

De economische intüıtie voor de een veel steilere twee-traps taks is dat niet
alle inkomen het gevolg is van leerinspanningen maar ook van aangeboren
talent. De combinatie van onderwijssubsidies en progressieve belastingen
ervoor zorgt dat de overheid alle inkomen belast, inclusief de ‘rents’ van een
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groter aangeboren talent, terwijl alleen de inkomstenderving als gevolg van
verminderde leerinspanningen wordt gecompenseerd via onderwijssubsidies.

Hoewel onderwijssubsidies regressief zijn, omdat diegenen met een groter
talent en hoger levensinkomen meer leren, stellen ze de overheid in staat om
veel progressiever arbeid te belasten om zo uiteindelijke inkomensverschillen
kleiner te maken. Herverdeling van inkomens en onderwijssubsidies zijn dus
Siamese tweelingen. Berekeningen laten zien dat belastingverstoringen een
aanzienlijk deel van het huidige peil van onderwijssubsidies in veel OESO
landen kan rechtvaardigen.

Optimale studiefinanciering

In hoofdstuk 5 wordt de vraag gesteld hoe de studiefinanciering er idealiter
uit zou zien. De meest gangbare rechtvaardiging voor onderwijssubsidies aan
deelnemers van hoger onderwijs is dat met name arme mensen geen toegang
hebben tot de kapitaalmarkt om hun opleiding te financieren. Daarnaast
eisen risicomijdende studenten een hoger rendement op hun opleiding als er
niet-verzekerbare risico’s van investeringen in menselijk kapitaal zijn. Ook
hier zijn met name mensen uit armere milieus de dupe omdat zij een hogere
risicopremie verlangen in het gangbare geval dat risico-aversie afneemt met
het inkomen. Falende kapitaal- en verzekeringsmarkten hebben twee hoofd-
oorzaken.

In de eerste plaats is het vrijwel ondoenlijk om financiële contracten
afhankelijk te maken van het toekomstig inkomen vanwege juridische restric-
ties. Slavernij is afgeschaft en banken en verzekeringsmaatschappijen kun-
nen moeilijk tot geen beslag leggen op iemands verdiencapaciteit. Studenten
kunnen geen aandelen op hun menselijk kapitaal uitschrijven om zo aan de
benodigde financiering van hun studie te komen. Ook is het verzekeren van
inkomensrisico’s niet mogelijk omdat verzekeringscontracten vereisen dat er
inkomensafhankelijke contracten geschreven worden. De geluksvogels moeten
een verzekeringspremie betalen om de inkomensrisico’s van de pechvogels
te dekken. Alleen onderwijsfinanciering door schuldcontracten is mogelijk
omdat deze niet afhankelijk zijn van de opbrengsten van de investering in
menselijk kapitaal.

Schuldfinanciering geeft aanleiding tot de tweede oorzaak voor falende
kapitaalmarkten. Banken verkeren in het ongewisse over de risico’s die stu-
denten nemen bij de keuze van hun opleiding. Van een kale kip kun je
niet plukken en daarom moeten banken de neerwaartse risico’s van oninbare
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schulden verhalen op diegenen die wel terugbetalen. Banken bereiken dit
door middel van het in rekening brengen van een hogere rente. Dit heeft
averechtse selectie tot gevolg omdat de laag-risico studenten zich niet meer
melden voor krediet bij banken als de rente te hoog wordt. Het gemiddelde
risico in de kredietportfolio van de banken stijgt en banken kunnen besluiten
om kredietkraan dicht te draaien.

In hoofdstuk 5 laten we zien dat de overheid in belangrijke mate deze
twee hoofdoorzaken van falende kapitaal- en verzekeringsmarkten kan onder-
vangen door studenten in staat te stellen hun opleiding te financieren door
aandelen op hun toekomstig inkomen te verkopen aan de overheid: een ‘eq-
uity participation’ model. De reden is dat de overheid, in tegenstelling tot
de private sector, wel inkomensafhankelijke financiële contracten kan schrij-
ven via het belastingstelsel. De overheid kan via het belastingstelsel een
claim leggen op het toekomstige arbeidsinkomen van studenten. In essentie
kan de overheid dankzij haar geweldsmonopolie de marktverstoring ophef-
fen. Bovendien kan dan ook het inkomensrisico in toekomstige inkomens van
studenten verzekerd worden. Risicoselectie treedt niet op indien de over-
heid groepen studenten weet te categoriseren in groepen studenten die een
gelijke verwachte opbrengst op hun investering hebben, maar wel een ver-
schillend risico hebben. De reden is dat een ‘equity participation’ model
geen verstorende herverdeling inhoudt van laag- naar hoog-risico studenten,
waardoor de laag-risico studenten niet uitstappen.

Aangetoond wordt dat onderwijssubsidies ter ondervanging van kapitaal-
en verzekeringsmarktimperfecties een zeer indirect instrument zijn om de on-
derinvesteringen als gevolg van falende kapitaalmarkten en risico-aversie te
ondervangen. De reden is dat onderwijssubsidies de spreiding in toekom-
stige inkomens niet reduceren. Daarom kennen onderwijssubsidies een groot
dood gewicht (misallocatie) omdat ook studenten met een voldoende veilig
toekomstig inkomen ervan profiteren. Onderwijssubsidies moeten daarnaast
gefinancierd worden uit verstorende belastingheffing, hetgeen het instrument
nog kostbaarder maakt.

In hoofdstuk 6 illustreren we de theorie van hoofdstuk 5. We analyseren
een hervorming van het huidige studiefinancieringsstelsel naar een sociaal
leenstelsel of academicusbelasting waarin studenten aanzienlijke delen van de
kosten van onderwijs zelf financieren. Een academicusbelasting is een puur
‘equity participation’ model waarin ex-studenten gedurende hun werkzame
leven een hogere (constante) extra belasting over hun arbeidsinkomen be-
talen, zonder dat terugbetalingen ooit stoppen. We nemen aan dat deel-
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name aan het stelsel van de academicusbelasting vrijwillig is. In een sociaal
leenstelsel betalen ex-studenten ook een constante extra belasting over hun
inkomen, maar de terugbetalingen worden gestaakt op het moment dat de
lening inclusief rente en risico/solidariteitsopslag zijn terugbetaald. Uit de
risico/solidariteitsopslag worden de kosten gefinancierd van die ex-studenten
die, gezien hun lage levensinkomen, niet voldoende kunnen aflossen. Een
sociaal leenstelsel is daarom een hybride financieel contract dat het midden
houdt tussen een schuldcontract en aandelencontract.

We laten zien dat aanzienlijke besparingen op onderwijssubsidies mo-
gelijk zijn terwijl de terugbetalinglasten in beide stelsels beperkt blijven.
Het garanderen van de toegankelijkheid voor armere studenten kan dus tegen
aanzienlijk lagere kosten. De reden hiervoor is tweeledig. In de eerste plaats
worden er geen subsidies gegeven aan ex-studenten die, gezien hun hoge le-
vensinkomen, prima in staat zijn om een deel van de kosten zelf te financieren.
Ten tweede, indien de risico’s van het hebben van onvoldoende inkomen door
studenten onderling verzekerd worden, dan zijn subsidies overbodig geworden
om het onderinvesteringsprobleem vanwege risico-aversie op te lossen.

Een optie om de risico’s van niet-terugbetalen uit de algemene middel-
en te financieren is ook onderzocht. Dan worden er nog steeds subsidies op
onderwijs gegeven, maar die komen dan alleen terecht bij diegenen met een
laag levensinkomen en niet kunnen terugbetalen. De neerslag van onderwijs-
subsidies ex post is dus rechtvaardiger dan van subsidies ex ante.

Berekeningen zijn uitgevoerd voor Nederland en we vinden dat een aca-
demicusbelasting van circa 6% nodig is om alle onderwijssubsidies af te schaf-
fen en volledig private financiering van hoger onderwijs te krijgen. Een sociaal
leenstelsel kent hogere terugbetalingstarieven dan 6% omdat de veelverdie-
nende afgestudeerden hun terugbetalingen staken indien hun schulden in-
clusief rente, risco- en solidariteitsopslag zijn terugbetaald.

Het belangrijkste onderscheid tussen een academicusbelasting en sociaal
leenstelsel is de mate van inkomenssolidariteit in het stelsel. We hebben
laten zien dat een academicusbelasting een speciaal geval is van een sociaal
leenstelsel met perfecte inkomenssolidariteit. Het onderscheid tussen beide
stelsels blijkt in berekeningen echter tamelijk gradueel van aard. Een sociaal
leenstelsel convergeert bij relatief lage solidariteitspremies al snel naar een
academicusbelasting.

Aangezien de mate van inkomenssolidariteit in een academicusbelasting
groter is dan bij een sociaal leenstelsel, is er bij de academicusbelasting meer
verzekering van inkomensrisico’s. De hogere mate van inkomensverzeker-
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ing kan aanleiding zijn tot averechtse selectie waardoor de laag-risco hoog-
inkomen studenten niet mee willen doen met het stelsel. Ook moreel gevaar
is een potentieel groter probleem: meer verzekering maakt studenten on-
voorzichtiger bij hun studiekeuzen omdat de negatieve consequenties afgewen-
teld worden op prudentere studenten.

Beleidsimplicaties

Wat kunnen beleidsmakers van dit boek leren? Met behulp van de inzichten
uit dit proefschrift kan op een aantal praktische beleidsvragen een antwoord
worden gegeven.

Minder progressieve arbeidsbelastingen?

Minder belastingprogressie wordt vaak verdedigd met argumenten die verwij-
zen naar de toegenomen internationale mobiliteit van hooggeschoolden, de
internationalisering van de economie en het toegenomen belang van menselijk
kapitaal in de post-industriële economie. Al deze trends verhogen de facto
de effectieve belastingelasticiteit van geschoold arbeidsinkomen, waardoor
de afruil tussen doelmatigheid en rechtvaardigheid verslechtert en er minder
inkomen kan worden herverdeeld.

Dit boek ondersteunt pleidooien voor minder belastingprogressie echter
maar gedeeltelijk. Inderdaad is het zo dat de optimale belastingprogressie
vermindert indien men rekening houdt met de interdependentie van de kwan-
titeit van het arbeidsaanbod (gewerkte uren) en de kwaliteit van het arbeids-
aanbod (hoeveelheid shcoling en training). De reden is dat door deze inter-
dependentie de efficiëntiekosten van belastingheffing stijgen.

Indien de overheid onderwijssubsidies bovendien (gedeeltelijk) zou ver-
vangen door een ‘equity participation’ model van onderwijsfinanciering, dan
vervallen ook de argumenten voor progressieve belastingen om door middel
van belastingprogressie de economische verstoringen van falende kapitaal- en
verzekeringsmarkten op te heffen.

Tegelijkertijd neemt ook de vraag naar herverdeling toe. Inkomensongelijk-
heid tussen geschoolde en ongeschoolde groepen van werknemers neemt toe
door ‘skill biased’ technologische ontwikkeling, toegenomen internationali-
sering en vrijhandel en complementariteit van kapitaal een hooggeschoolden
in productie. De vraag naar herverdeling zou dus moeten zijn toegenomen,
hetgeen pleit voor progressievere belastingen.
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Tevens willen veel Europese landen de benarde arbeidsmarktpositie van
veel laaggeschoolden verbeteren door vergroting van het inkomensverschil
tussen uitkeringen en laagbetaald werk via fiscale arbeidstoeslagen (EITC).
Dit heeft de onvermijdelijke prijs dat de prikkels verminderen om menselijk
kapitaal te vergaren omdat het belastingstelsel progressiever wordt. Deze
negatieve prikkels op leerinspanningen dienen dan gecompenseerd te wor-
den met hogere onderwijssubsidies om zo de verstorende effecten van sterker
stijgende marginale tarieven te mitigeren. Indien dit maar ten dele mo-
gelijk is, omdat onderwijssubsidies geen perfect overheidsinstrument zijn om
leerinspanningen te sturen, dan moeten belastingen op kapitaalinkomen toe-
nemen om de belastingdruk op laaggeschoolden te verlichten en tevens de
prikkels tot vergaring van menselijk kapitaal in stand te houden.

In ieder geval had de Nederlandse overheid het bij de laatste grote be-
lastingherziening beter kunnen doen door een EITC met afbouwtraject te
combineren met onderwijssubsidies. Nu bevat het belastingstelsel een vlakke
arbeidstoeslag die niet wordt afgebouwd met het inkomen. De arbeidstoe-
slag heeft een groot dood gewicht omdat niet alleen het arbeidsaanbod van
laaggeschoolde arbeid wordt gestimuleerd, maar ook van hooggeschoolde ar-
beid, wat onmiddellijk ten koste gaat van de herverdelende taak van het
belastingstelsel. Door onderwijssubsidies met een EITC te combineren, kan
in beginsel dezelfde vergroting tussen inkomen uit werk en een uitkering ge-
realiseerd worden, tegen lagere efficiëntiekosten. Analoog kan gesteld worden
dat er een groter inkomensverschil gerealiseerd had kunnen worden bij gelijk-
blijvende distorsies van belastingprogressie.

Lagere belastingen op kapitaal?

Nog veel sterker dan voor arbeid geldt dat belastinggrondslagen voor kapi-
taal steeds mobieler worden door de ineternationalisering van de economie.
Dit vergroot de efficiëntieverliezen van het belasten van kapitaal. Tevens
proberen overheden met de opkomende vergrijzing private pensioenbesparin-
gen aan te moedigen. Dit beleid komt neer op lagere belastingen op kapi-
taalinkomen.

We hebben laten zien dat kapitaalbelastingen de prikkels versterken om
menselijk kapitaal te vergaren. Kapitaalbelastingen zijn een noodzakelijk
kwaad indien de distorsies van herverdeling door belastingen op hooggeschoolde
arbeid niet perfect kunnen worden weggenomen met onderwijssubsidies.

Als het doel inderdaad is om investeringen in menselijk kapitaal aan te
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moedigen dan is het ontmoedigen van investeringen in financieel kapitaal een
optie. Lagere marginale tarieven op kapitaalinkomen, zoals we bij de laatste
belastinghervorming in Nederland hebben gezien, levert in ieder geval geen
bijdrage aan het verbeteren van de prikkels om te investeren in menselijk
kapitaal.

Verder kan worden verwacht dat de fiscale subsidies op het eigen huis en de
pensioenen een serieuze distorsie veroorzaken in de prikkels om menselijk ka-
pitaal te vergaren, met name voor werknemers in de latere fasen van hun le-
venscyclus. Door stimulering van financiële besparingen worden besparingen
in menselijk kapitaal onaantrekkelijker. Tevens hebben oudere werknemers
al een relatief laag arbeidsaanbod, waardoor het rendement op investeringen
in menselijk kapitaal al lager is omdat menselijk kapitaal minder goed wordt
benut.

In beginsel is er geen reden om kapitaalbelastingen in te zetten om vor-
ming van menselijk kapitaal aan te moedigen als de overheid perfecte onder-
wijssubsidies tot haar beschikking heeft. Onderwijssubsidies verstoren het
spaargedrag niet terwijl kapitaalbelastingen dat wel doen. Kapitaalbelastin-
gen zouden inderdaad verlaagd kunnen indien onderwijssubsidies simultaan
worden verhoogd. Echter, indien onderwijs- en trainingsinspanningen maar
beperkt gestuurd kunnen worden met subsidies dan verdient het geen aan-
beveling om kapitaalbelastingen te verlagen.

Hervorm de studiefinanciering?

Overheden kunnen budgettaire beperkingen bij de financiering van het hoger
onderwijs verlichten door private contributies toe te staan. Ook zal kan ver-
mindering van onderwijssubsidies bijdragen aan vergroting van de inkomens-
gelijkheid omdat de verdeling de subsidies zeer ongelijk is. Hogere private
bijdragen worden ook veelal geassocieerd met het profijtbeginsel dat meer
opgeld doet in een samenleving die sterk individualiseert. Een manier om
private contributies te verhogen is om een sociaal leenstelsel of academicus-
belasting in te voeren die ex-studenten betalen gedurende hun leven.

Dit proefschrift laat zien dat verhoging van private contributies via een
sociaal leenstelsel of academicusbelasting direct de bron van falende kapitaal-
en verzekeringsmarkten aanpakt door liquiditeitsbeperkingen (voor arme stu-
denten) op te heffen en de risico’s bij terugbetaling af te dekken door inkomens-
afhankelijke betalingen.

Er zijn in beginsel geen onderwijssubsidies nodig om deze marktfalens op
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te heffen. De toegankelijkheid, met name voor studenten uit lage inkomen-
scategorieën, kan dus gewaarborgd worden tegen lagere publieke kosten.
Dit geldt voor ieder niveau van onderwijssubsidies. De reden is dat dood
gewicht wordt vermeden door geen subsidies te geven aan studenten met een
voldoende hoog inkomen en voldoende laag risico in hun inkomen om zelf
een aanzienlijk deel van de onderwijskosten te kunnen financieren. Daarom
zijn onderwijssubsidies een zeer imperfect instrument om falende kapitaal en
verzekeringsmarkt-en te corrigeren.

De mate van inkomensverzekering bij een academicusbelasting is groter
dan bij een sociaal leenstelsel. Daarom zijn problemen met averechtse selec-
tie en moreel gevaar ook relatief groter bij een academicusbelasting dan bij
een sociaal leenstelsel. De hoeveelheid inkomensverzekering die geboden kan
worden hangt dus af van de mate waarin de verzekering aanleiding geeft tot
uitvretersgedrag bij studenten en de mate waarin de laag-risco hoog-inkomen
studenten geneigd zijn om uit te stelsel te stappen. Als deze effecten belan-
grijk zijn, wordt een sociaal leenstelsel een aantrekkelijker alternatief dan
een academicusbelasting. Empirisch is weinig bekend van de importantie
van moreel gevaar en averechtse selectie. De overheid kan de informatie-
achterstand die aan deze problemen ten grondslag liggen beperken door se-
lectie aan de poort, temponormen, vermindering van drop-outs, terugbeta-
lingstarieven die afhankelijk zijn van de studierichting (collegegeld differen-
tiatie) en het integreren van de terugbetalingen in het belastingstelsel.

Verminder de subsidies aan hoger onderwijs?

Pleidooien voor vermindering van publieke subsidies aan hoger onderwijs en
vergroting van de private bijdragen zijn veelal gebaseerd op het profijtbe-
ginsel, rechtvaardigheidsoverwegingen en grotere doelmatigheid. Bovendien
staan de publieke uitgaven aan hoger onderwijs onder druk vanwege de uit-
gavenplafonds en EMU criteria, terwijl de instroom blijft toenemen. Onder-
wijssubsidies worden echter meestal gerechtvaardigd op basis van toeganke-
lijkheidsoverwegingen (kapitaal- en verzekeringsmarktimperfecties), positieve
externe effecten, niet-economische overwegingen (‘merit good’ argumenten)
en belastingdistorsies op leerinspanningen.

We hebben laten zien dat onderwijssubsidies niet gerechtvaardigd kunnen
worden op basis van kapitaal- en verzekeringsmarkt imperfecties. Daarvoor
is een academicusbelasting of sociaal leenstelsel het meest geëigende instru-
ment. Bovendien kan men sceptisch zijn over het bestaan van grote positieve
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externe effecten van hoger onderwijs. Desalniettemin kunnen onderwijssub-
sidies wel bijdragen aan het verminderen van de negatieve prikkels van het
belastingstelsel op de leerbeslissing. Hoewel een aanzienlijk deel van de on-
derwijssubsidies gerechtvaardigd kan worden op basis van dit laatste argu-
ment, zijn onderwijssubsidies in de praktijk veel groter. Uit doelmatigheids-
en rechtvaardigheidsoverwegingen kan dus een reductie van onderwijssubsi-
dies aan het hoger onderwijs gerechtvaardigd worden.
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