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Chapterr 1 

Publicc Finance and Human 
Capital l 

"[...]]  Much common reasoning on tax problems is based on a 
misapplicationn of first best economics. The problem of optimal 
taxationn in an economy such as ours is viewed as a problem of 
indirectt control of imperfectly observable variables. [...] This 
wayy of looking at tax problems is important because much of 
whatt appears to be capricious, distortionary, or inequitable may 
att least make sense, and perhaps even be judged to be desirable." 
Stiglitzz and Boskin (1977, p.295) 

1.11 Introductio n 

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

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

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

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

Whenn one starts to think about schooling and training as investments in 
humann capital, one realizes that public policies are particularly important 
forr the incentives to acquire human capital. First of all, progressive taxes on 
laborr income, taxes on capital income and taxes on consumption are major 
sourcess of government revenues. Furthermore, a large part of taxation is used 
forr social insurance and redistributional purposes. In 1998 the average tax 
burdenn in OECD countries was about 37% of GDP (NL: 40%), see OECD 
(2000).. Clearly, taxation affects the economic incentives to acquire skills in 
variouss ways. In particular, the returns of investments in human capital, i.e. 
thee 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 

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

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

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

1.22 Trends and policy changes 

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

 Internationalization - Increased internationalization and increasing inter-
dependenciess of economies across the world tend to make tax bases 
moree mobile. Furthermore, governments may engage in tax compe-
titionn practices in order to attract capital and high skilled labor, see 
alsoo Gorter and De Mooij (2000). Consequently, taxation is perceived 
too become more distortionary. Many countries have adopted tax-base 
broadeningg policies to cut marginal tax rates on capital and labor in-
comess in recent years. 
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 Supply side policies - Since the 1980's many governments became aware 
off  the potentially adverse consequences of big governments and high 
taxess on economic incentives. In view of low participation rates in 
thee European mainland, economic incentives to participate and supply 
laborr have come important ingredients of tax reforms. Recently, there 
iss also growing policy interest in the adverse consequences of progressive 
taxess on skill formation as well. For example, a widely hold view is that 
thee Earned Income Tax Credit creates adverse incentives to acquire 
skillss 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 
EITCC in the Netherlands does not feature a 'phase out range' allegedly 
too avoid distortions on skill formation and labor supply that arise in 
thee phase out range. 

 Greying population - Most OECD countries are confronted with a grey-
ingg population in years to come. Increasing dependency ratios in the 
populationn drive up government outlays on public pensions and health 
caree expenditures. In order to avoid tensions between the generations, 
mostt governments seek ways to stimulate labor force participation of 
thee old in order to keep government finances sound. Labor force at-
tachmentt of the old is generally very low in the European countries. 
Onee 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-
employedd are advocated, but also incentives to acquire skills so that 
itt becomes more attractive to enter (remain) in the workforce. Fur-
thermore,, governments that face future problems in financing state 
pensionss may stimulate private savings through reduced tax rates on 
pensionn savings. This has also consequences for skill-acquisition since 
itt may become more attractive to retire early, which in turn contributes 
too the under-utilization of human capital. 

 The race between technology, capital, trade and education - Skill bi-
asedd technological change and capital skill complementarities are im-
portantt reasons for widening wage disparities between skilled and un-
skilledd workers, see e.g. Katz and Autor (1999) and Beaudry and Green 
(2000).. Furthermore, specialization patterns in Western countries im-
plyy that production becomes more skill-intensive, see e.g. Wood (1994). 
Al ll  these factors increase the demand for skilled workers relative to the 
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unskilled.. If the relative supply of skilled workers remains fixed, this 
resultss in more wage inequality. The government may want to re-
ducee resulting income inequalities by setting more progressive taxes. 
AA rising skill-premium may also justify larger private contributions to 
education,, so that public subsidies on education could be reduced. On 
thee other hand, education subsidies are also proposed to reduce wage 
inequalitiess by stimulating the relative supply of skilled workers. Stim-
ulatingg the relative supply of skilled workers reduces the skill premium, 
seee e.g. Tinbergen (1975) and Dur and Teulings (2001). It is there-
foree not clear cut what the race between technology, capital, trade and 
educationn means for policy. 

 ICT - ICT is thought to contribute importantly to skill biased techno-
logicall  change, see also Autor, Katz and Krueger (1998) and Katz and 
Autorr (1999). Wage inequality increases due to ICT and tax or edu-
cationn policies may be employed to reduce these inequities. ICT also 
allowss the government to process more information regarding character-
isticss of tax payers so that important trade-offs (e.g. equity-efficiency) 
mayy become less restrictive. On the other hand, due to the introduction 
off  information and communication technologies tax avoiding activities 
aree 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-
ductionn activities make knowledge more dominant as a factor of pro-
duction.. Growth prospects become more dependent on the supplies of 
humann capital and knowledge rather than physical capital. Many pol-
icyy makers therefore propose policies to stimulate skill acquisition (tacit 
knowledge)) and R&D activities (codified knowledge) either through in-
creasedd incentives as a consequence of lowering marginal tax rates on 
laborr or firms, higher subsidies on skill formation, or through institu-
tionall  reforms in the education/tax system, see for a critical discussion 
alsoo Heekman (2000). Whether the cutting of marginal rates on labor 
incomee or capital is a necessity or an optimal response to stimulate 
knowledgee formation in general can be debated because of its costs in 
termss of redistribution, see also Jacobs and De Mooij (2001). 

 Education and empowerment - Exponents of the so called 'third way' 
seee an important role for the government to empower people. Empow-
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ermentt has something of a mystic spell, but as I interpret it, empower-
mentt has to do with guaranteeing equality of opportunity. Education is 
seenn as a vital instrument to guarantee equal chances in life, especially 
forr the lower socioeconomic classes. The main attention is focussed 
onn preventing bad social economic outcomes by providing people with 
enoughh opportunities to acquire skills rather than (ex post) evening out 
thee social economic outcomes through a well developed welfare state 
andd progressive taxes, 

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

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

Clearly,, some of these policies may be complementary, but some others 
aree not internally consistent. For example, if the objective is to stimulate 
humann capital formation, one can argue that increasing incentives to save 
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inn financial capital discourages savings in the form of human capital. If 
thee objective is to stimulate learning, increasing private contributions and 
loweringg education subsidies, may not help much either. Lowering taxes on 
skilledd labor and capital may have positive consequences for incentives to 
investt in human or financial form, but these may increase wage inequality. 
Improvingg labor market prospects for the low skilled, by means of an EITC, 
mayy stimulate employment of the low skilled, but tend to make the tax 
systemm more progressive, so that incentives to acquire skills are reduced, and 
soo on. A better understanding of the effectiveness of public finance issues in 
relationn to the incentives to acquire skills is not only of theoretical but also 
off  practical relevance. 

1.33 Theory on taxation and human capital 

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

1.3.11 An overview of the literature 

Givenn the generally acknowledged presumption that taxes distort economic 
incentivess it is not surprising that attention has been paid to the consequences 
off  labor and capital taxation for incentives to acquire skills. The academic 
debatee on the effects of taxation on human capital formation developed in, 
say,, two important steps. First, there were some important early studies on 
taxationn and human capital formation (Boskin, 1975; Heekman, 1976; Kot-
likofff  and Summers, 1979; Eaton and Rosen, 1980; DrifHl and Rosen, 1983). 
Thesee studies were inspired by the human capital revolution in economics 
ass pioneered by Mincer (1962), Schultz (1964) and Becker (1964). However, 
theoreticall  interest in issues on taxation and human capital formation re-
mainedd somewhat slack for a decade or so until endogenous growth theories 
camee to the fore. Endogenous growth theories attributed an important role 
too human capital in the process of economic growth (Lucas, 1988) or techno-
logicall  change (Romer, 1990). It was only until the end of the eighties when 
thee 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-
bergg and Van Ewijk (1997). Nielsen and Sorensen (1997), Milesi-Feretti and 
Roubinii  (1998). Hendricks (1999). and Judd (1999), amongst others. 

Findingss from this literature are somewhat extreme. On the one side of 
thee spectrum we have the analyses by Boskin (1975) and Heekman (1976). 
Theyy argue that labor taxation is generally not important for human capital 
formation.. On the other side of the spectrum, e.g. Trostel (1993) concludes 
"Thuss the conclusion that taxation significantly discourages investment in 
humann capital seems inescapable''. This may seem very odd so therefore wTe 
attemptt to explain the different findings in the literature in some more detail 
now. . 

Too that end, let's consider a stripped down representative agent version 
off  the two-period life-cycle model that is the basis of this thesis. Before-tax 
wagee rates and interest rates are exogenously given.3 The before-tax wage 
ratess per efficiency unit of human capital, as well as the price of consumption, 
arcc normalized at unity in both periods.4 The agent has one unit of time in 
eachh period of its life. The agent is born with one efficiency unit of labor. In 
thee first period the agent spends a fraction e of time on education, so that a 
fractionn 1—e is left for (unskilled) work. Acquisition of human capital requires 
nott only time, but also commodities (tuition, books, computers, et cetera). 
Everyy unit of time invested in education requires k market goods invested.D 

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

Wee borrow the two bracket labor tax schedule from Nielsen and Sörensen 
(1997).. Below an exogenous threshold \ , labor income is subject to a tax 
ratee t\. Above this threshold, a tax rate t2 applies. If t2 > i i the tax system 
featuress increasing marginal tax rates on labor income. We assume that first-
periodd labor income falls strictly in the first tax bracket. We assume that 
thee consumer does not select the kink in the budget constraint to avoid tax 

;iThee model can thus be viewed either as a partial equilibrium model of a closed economy 
orr a model of a small open economy in which the international capital market fixes the 
interestt rate. 

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

5Forr simplicity we do not allow for substitution between goods and time in the accu-
mulationn of human capital. 
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tt22.. First-period labor income 1 - e < \ i s t n us taxed at a marginal rate of 
t\.t\. 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 
givenn by after-tax labor income in the first period minus the goods invested 
inn learning (net of subsidies): a = (1 — ii)( l — e) — ke. 

Inn the second period, human capital is supplied to the labor market in 
thee form of skilled labor. 4>{e) = ep, 0 < 0 < 1, is the production function 
forr human capital and measures the number of efficiency units of human 
capitall  resulting from learning efforts in the first period e. Nothing critical 
dependss 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 
restt (i.e. I = 1 - v) is spent working. One may also interpret v as years spent 
inn retirement, see Kotlikoff and Summers (1979). Before-tax labor income 
(fromm skilled work) /0(e) exceeds x, so that it is subject to marginal tax 
ratee t2l i.e. l(f>{e) > x- Capital markets are perfect. Income derived from 
accumulationn of financial assets is Ra, where i 2 = l + ( l - r ) r , and r is the 
exogenouss real interest rate and r denotes the tax rate on capital income. All 
incomee from human and financial sources is spent on consumption c. Second-
periodd consumption is untaxed. Hence, the second-period budget constraint 
amountss to: c = (1 — t2)l<j>(e)  + Ra + (t2 - h)x-

Withoutt loss of generality we assume that the agent derives utility from 
consumptionn and leisure according to the following quasi-linear utility func-
tion:: u(c, v) = c - (1~^1/g 'where e > 0 governs the (un)compensated wage 
elasticityy of labor supply. There are no income effects in labor supply. We 
cann solve for learning time from the first-order conditions: 

_(P(i-t_(P(i-t22y+cy y+cy 
66 yRil-h + k)) ' 

wheree a = (1 — /3(l + s ) )- 1 > 0.6 Clearly, investments in human capital 
increasee if: 

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

 the tax t\ increases since it lowers the costs of foregone earnings, 

 costs k of non-deductible goods invested in education decrease, 
6Second-orderr conditions for an interior optimum require that 0(1 + e) < 1. 
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 the capital tax increases (lower R) since financial savings become less 
attractivee relative to human savings. 

Forr later reference, we also derive optimal labor supply: 

ll = ((l-t2)<p(e)Y: 

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

Th ee progression effect 

Wee assume that investments in human capital requires no market goods 
(k(k = 0). Further we assume that labor supply is exogenous, i.e. e = 0 and 
theree are no capital taxes (r — 0). Taxes are progressive in the sense that 
secondd period income is taxed at a marginal higher rate than first period 
income,, i.e. t\ < t2- The solution for learning time is: 

\R{l-h)J\R{l-h)J ' 

Moree tax progression harms investments in human capital because the ben-
efitss 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 
iss flat ti ~ t2 = t future earnings are subject to the same rate of tax as 
foregonee earnings, so that the labor tax is a pure profit tax that taxes only 
thee inframarginal rents of human capital without distorting the education 
decision,, cf. the discussion on the corporate income tax in Atkinson and 
Stiglitzz (1980, ch.5). 

Propos i t ionn 1 Progressive labor taxes (t2 > t\) reduce investments in hu-
manman capital. 
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Thee progression effect is driving the adverse effects of taxation on human 
capitall  accumulation in Bovenberg and Van Ewijk (1997) and Nielsen and 
S0rensenn (1997). In contrast, Boskin (1975), Heekman (1976) and many 
otherss may find no effect of taxing human capital if they assume that taxes 
aree flat. 

Thee utilizatio n effect 

Noww we assume that taxes are flat t\ — ^ — t, production of human capital 
requiress no market goods (k = 0), and capital taxes are absent (T = 0). 
Solvingg for learning time yields: 

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

Propositionn 2 Flat labor taxes reduce investments in human capital if labor 
supplysupply is upward sloping (e > 0). 

Jacobss (2000a) shows that the last result can be generalized for any utility 
functionn with income effects. Then, results continue to depend on whether 
laborr 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. 
Returnss on investments in human capital decrease (increase) and investments 
inn human capital decrease (increase) accordingly. 

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

Assumptionss on preferences in (endogenous) growth models are needed 
inn order to ensure convergence to a steady state where positive and constant 
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amountss of leisure are chosen. Leisure demand is determined by the wage 
ratess per hour, which is equal to product of the stock of human capital h 
andd the wage rate w per unit of human capital. On a balanced growth path, 
wagee rates per hour grow at the constant growth rate of h. Therefore, either 
thee amount of leisure consumed goes to zero or it goes to infinity in the long 
runn in case preferences are unrestricted, see also Weiss (1986). In all the 
endogenouss growth models, and most life-cycle models with human capital 
formation,, the human capital stock h increases linearly with the level of 
humann capital, h = h(j>(e), see e.g. Lucas (1988).7 Consequently, h/h = 4>{e) 
iss constant if e is constant. Two solutions may be proposed to get rid of 
cornerr solutions in leisure demand. 

First,, utilit y functions of the following (weakly) separable form can be 
applied:: u(c, v) = (c1 -öexp[(l — 6)(p(v)] — 1)/(1 — 9) where ip(v) is a leisure 
sub-utilityy function with tp' > 0, and ip" < 0, and 9 denotes the inter-
temporall  elasticity of substitution in consumption, see also King, Plosser and 
Rebeloo (1988) or Barro and Sala-i-Martin (1995). In models with this utilit y 
function,, the amount of leisure increases (decreases) during the transition 
towardss the steady state value in an economy with positively growing human 
capitall  if the income effect dominates (being dominated by) the substitution 
effect.. We have uv/uc = C(p'(v) — (l—t)wh, where the last term is the relative 
pricee of leisure in terms of consumption. In the steady state, if human capital 
hh and consumption c grow at constant and equal rates, the amount of leisure 
vv chosen is constant since h/c is constant. In most cases, an even simpler 
utilit yy function is used with a unitary elasticity of substitution: u(c, v) = cvv, 
seee for example Pecorino (1993), Trostel (1993), Jones, Manuelli and Rossi 
(1997).. Using this utilit y function in the current model gives: uv/uc = rjc/v — 
(11 — t)h. If h/c is constant - both human capital and consumption grow at 
equall  rates - so wil l be the amount leisure time chosen. Clearly, substitution 
andd income effects cancel out in the steady state, so that in the steady state 
thee amount of leisure chosen is fixed and human capital investments are not 
affectedd by taxes through the utilization of human capital. 

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

7Notee that in our two period model h0 — 1, i.e., workers are born with one efficiency 
unitt of human capital and h\ —<j)(e). 
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andd Roubini (1998). To show this, let utility be designated by u(c,tp(h,v)) 
wheree <p 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 
thee following marginal rate of substitution between consumption and effective 
leisure:: uvpv/uc = (1 — t)h. On a balanced growth path, v is fixed only if, 
first,, u is nomothetic, so that u^/uy is constant if h and c are growing at 
constantt and common rates, and, second, if dip/dv — h. This is the case if (p 
iss linear in h, i.e. <p — hv. Exactly this specification is used in the literature. 
Inn this case, taxes affect the labor-leisure decision, but not the human capital 
investmentt decision, because the leisure choice is not affected by the level of 
humann capital. 

Thee feature that productivity of leisure time increases one for one with 
thee stock of human capital is therefore rather special. It has the consequence 
thatt taxes do not affect human capital formation through the utilization 
effectt since investments in human capital are independent from the amount of 
leisuree chosen. This assumption is essential for the neutrality of income taxes 
inn Heckman's (1976) analysis. It is not necessary to make this assumption in 
aa life-cycle model. Studies of life-cycle models have therefore found negative 
effectss of taxing human capital income on learning, see e.g. Kotlikoff and 
Summerss (1979), Driffi l and Rosen (1983), and Hendricks (1999). 

Thee deduction effect 

Inn this case, we assume that taxes are flat ti — t2 — i, labor supply is 
exogenouss £ = 0, and capital taxes are absent (r = 0). Learning time is now 
givenn by: 

e=U( l ++ */(!-*) ) J ' 
Promm the last equation it can be seen that k, the amount of market goods 
requiredd per year of education determines to what extent the non-tax de-
ductibilityy 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 
aree taxed at rate smaller than t since goods invested are non-taxed whereas 
foregonee earnings are. If goods are deductible at the same rate t private 
agentss would only pay (1 — t)k, rather than k, so that all costs and bene-
fitss 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 
privatee agents only pay (1 — t)k. 
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Proposi t ionn 3 Flat labor taxes reduce investments in human capital if costs 
ofof education are not fully tax-deductible. 

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

Inn (endogenous) growth models with human capital accumulation, flat tax 
onn labor can also adversely affect human capital investments if the capital 
stockstock K enters the production function of human capital, e.g. h = 4>{e, h, K). 
Thee rental payments for the use of capital goods in producing human capital 
aree qualitatively similar costs as market goods invested in education. If 
capitall  income is not taxed, or taxed at a lower rate than labor income, the 
totall  costs of learning (rental payments and foregone earnings) are lowered 
lesss by taxation, than the benefits of learning are lowered.8 This mechanism 
wherebyy taxes distort investments in human capital is therefore equivalent 
too the case when goods enter the production function of human capital. See 
e.g.. King and Rebelo (1990), Rebelo (1991), Pecorino (1993), Jones, Manuelli 
andd Rossi (1993, 1997), Stokey and Rebeleo (1995), and Milesi-Feretti and 
Rubinii  (1998). 

Th ee implici t subs idy effect 

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

\l\l  + r(l-T)J 

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

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

Propositionn 4 Capital taxes (T > 0) increase investments in human capi-
tal. tal. 

Heekmann (1976) and Nielsen and S0rensen (1997) find that capital (or 
interest)) taxes encourage human capital formation. 

Summaryy taxation and human capital accumulation 

Thee literature suggested that taxes distort the human capital investment de-
cisionn through four channels: tax progression; distorted labor supply reducing 
thee 'utilization rate' of human capital; non-deductible direct expenditures; 
andd the presence of capital taxes. Some studies have found no effects of 
taxingg labor income on human capital accumulation. It is clear that this 
happenss only under special circumstances. In particular, the following spe-
ciall  conditions must be met: i) labor taxes are flat9; ii) labor supply is not 
affectedd by labor taxation; iii ) direct costs of education are either absent 
orr fully deductible. If capital taxes are positive, they tend to increase the 
incentivess to invest in human capital. 

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

9Inn a growth dynamic context, this condition is even stronger because taxes then also 
needd to be constant over time. 
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monitorr educational efforts adequately, so that it is difficult to introduce 
tax-deductt ions. 

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

Thee empirical assessment of the role of capital taxes is more complicated 
andd not much is known. A priori it is not clear to what extent capital taxes 
encouragee investments in human capital. First of all a problem arises to what 
extentt capital is really taxed. Gordon and Slemrod (1988) for example argue 
that,, on average, capital is not taxed. However, not average but marginal 
taxess seem to be relevant. Second, what is the relevant marginal tax rate 
onn capital income when investments in human capital are concerned? Given 
thatt governments tax various sources of capital income differently, or may 
evenn subsidize capital income (owner occupied housing and pensions), it is 
nott clear how taxes capital income affects investments in human capital, see 
Jacobss 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 
subsidiess encourage human capital formation and may therefore be used as an 
instrumentt to offset negative incentives on learning through the tax system, 
seee also below. 

1.3.22 Where's the income distribution? 

Mostt of the recent academic analyses on taxation and human capital forma-
tionn perhaps echo the supply side view on taxation. The titl e of Lucas' (1990) 
paperr "Supply Side Economics: An Analytical Review" is very suggestive in 
thiss respect, and the paper leaves no room for doubt: "I now believe that 
neitherr capital gains nor any of the income from capital should be taxed at 
all""  (p.293). However, redistributional aspects seem to have vanished totally 
fromm the literature on taxation and human capital formation, since none of 
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thee aforementioned studies considers redistributional concerns.10 

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

1.3.33 Non-tax distortions in capital and insurance mar-
kets s 

Otherr voids in the literature on taxation and human capital are the absence 
off  imperfect capital markets and imperfect insurance markets in the analyses 
off  taxation and human capital formation. In reality, human capital is gen-
erallyy regarded as illiquid and bad collateral since trade in claims on human 
capitall  (slavery) is forbidden, see also Friedman (1962). An exception to the 
literaturee is Nielsen and S0rensen (1997), but they find some ambiguities on 
thee role of liquidity constraints on the setting of the optimal tax system. 

Forr the similar reasons as credit markets fail, insurance of the income 
riskss associated with investments in human capital is also impossible. Con-
sequentlyy under-investment is likely to occur. Eaton and Rosen (1980) were 
amongg the few to recognize that redistributive taxation is optimal because of 
itss insurance properties. In the presence of non-tax distortions due to failing 
capitall  and insurance markets, it is not a priori clear whether (progressive) 
taxationn is a bad thing. Second-best considerations suggest that redistribu-
tivee 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, 
theyy would probably fail due to asymmetric information between banks and 
borrowerss and between insurance companies and the insured. This may cause 
adversee selection effects so that credit rationing may occur, see Stiglitz and 

10Theree 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 
theyy all have in common that the tax system does not affect education choices, see also 
laterr in this thesis. 
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Weisss (1981) or insurance markets may not even exist, see also Rothshield 
andd Stiglitz (1976). Also moral hazard may give rise to failures in capital 
andd insurance markets, see Stiglitz and Weiss (1981) and Arnott and Stiglitz 
(1990). . 

1.44 Theory on subsidies and human capital 

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

1.4.11 Economic arguments to subsidize human capital 

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

Externall  effects 

"Muchh has been made of the external benefits of education, and 
somee extraordinary claims made. For example, people have pointed 
outt what fun it wil l be for the existing graduates to have more 
otherr graduates to talk to. I have never seen it pointed out that by 
thee same token the non-graduates wil l have fewer non-graduates 
too talk to", Layard (1980, p.741) 

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

Supposee that the production function on human capital is 0(e) = e^e7, 
/?? + 7 < 1, where ë is the average level of education in the whole economy, 
thenn in symmetric equilibrium (e = ë) the representative individual would 
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choosee education according to: 

wheree the elasticity a is modified to a = (1 — (/? + 7)(1 + e))_1 and we have 
sett t\ — t<i  — T — k — 0. If, on the contrary, the government would choose 
thee optimal level of education, and it takes into account the external effect, 
thee optimal level of education is: 

-m--m-
Clearly,, private agents under-invest in human capital from a social perspec-
tive.. If the government gives subsidy at rate s — 7/(/3 + 7) per year invested 
inn education, the externality will be internalized.11 This expression has an 
intuitivee interpretation. For example, if externalities are such that social 
returnss are 50% higher than private returns (7 = ƒ?), so that private agents 
onlyy receive half of the total benefits, then they should see their educational 
costss being halved as well in order to induce them to select the optimal level 
off  education. I.e. subsidies should then be equal to 50%. 

Thee problem with the externalities argument is that it is notoriously dif-
ficultt to detect positive externalities from education, see for example Heck-
mann and Klenow (1997), Acemoglu and Angrist (1999), Krueger and Lindahl 
(2002).122 This could imply that the government may actually choose the cor-
rectt level of education subsidies so that external effects are internalized and 
goo largely unnoticed in empirical work. Alternatively, one may, as Heekman 
andd Klenow, phrase the issue more provocatively, as follows: "What level of 
externalityy would justify U.S. college education subsidies?" (p. 12). These 
authorss come to the following conclusion: "We estimate that, to justify the 
currentt level level of subsidies to public college instruction in the U.S., the 
sociall  marginal product of human capital gained from college education has 
too be about 30% higher than the private marginal product (p.3-4)". Finally, 

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

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

Capitall  market imperfections 

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

Fromm a social perspective under-investment in human capital results and sub-
sidiess on education (financed through lump-sum taxes) at rate s = (R'—R)/R 
mayy restore incentives to invest in human capital. Especially students from 
poorr backgrounds are expected to under-invest in human capital because 
theyy face financing problems. One may however question the validness of 
educationn subsidies on the basis on capital market imperfections since first-
bestt is to restore the imperfection directly by for example giving loans, rather 
thann subsidies. 

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

Insurancee market imperfections 

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

Nott really much is known with respect to failing of insurance markets. 
Juddd (2001) argues that there is large under-investment in education in view 
off  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, 
manyy proposals by economists for the design of education financing systems 
aree based on notions that graduates should be protected against the risk 
off  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 
matterss even more confusing, findings by Gould et al. (2000) suggest that 
educationn serves as an insurance device. I.e. risks in future incomes decreases 
whenn more education is taken up, due to for example lower unemployment 

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

O t h err d i s to r t i ons 

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

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

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

AA related, but still unexplored corollary to these papers is that education 
policiess may be a potentially effective device to solve another type of time-
inconsistencyy problem. The government enforces minimum wage laws for 
poorr workers, and protects the poor from social exclusion and poverty by 
meanss of social insurance and social benefits. Especially, the low ability 
agentss face large disincentives to invest in skills and human capital in the 
presencepresence of a well developed welfare state. This creates a so called Samaritan 
dilemmaa for the government.14 The poor know that society takes care of them 
iff  they turn out to be unemployed since a decent society will not let people 
livee in poverty. The result is an excessive demand for social insurance and 
benefitss and under-investments in human capital. Education policies may 
potentiallyy be suited to soften this Samaritan dilemma. By giving incentives 
too especially the low talented people to invest in human capital, the risk 
thatt they turn out to be living on the dole reduces. The reason is that, for 
skilledd workers opting for a social benefit becomes less attractive since their 
wagess are higher relative to the benefit. Many government policies that look 
paternalisticc at first sight, are efficiency enhancing in this 'third-best' world 
withh dynamic inconsistencies. Various empowerment policies can thus be 
viewedd as solutions to the Samaritan dilemma. 

14Somee papers have discussed the Samaritan dilemma in the context of physical capital 
accumulationn (Bruce and Waldman, 1991; Coate, 1995). 
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Non-economicc a rgumen ts 

Educationn is often viewed as a merit or public good with intrinsic and non-
monetaryy values such as promoting citizenship, contributing to culture, et 
cetera.. To the extent that society values education, above the private valua-
tionss of education, there is an argument to subsidize education. The question 
iss whether merit or public goods arguments apply to all types of education. 
Onee 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 
needd to be subsidized. To avoid dead weight losses, it is generally better to 
targett subsidies to these specific subjects rather than subsidizing education 
acrosss the board. In this book, we abstract from these issues. 

Alsoo political mechanisms may explain why education is subsidized. Po-
liticall  elites are typically also higher educated. A similar story can be told 
forr arts subsidies. For example, Fernandez and Rogerson (1995) show that 
perversee redistribution in the form of education subsidies may occur as a 
consequencee of imperfections in the political process. 

1.4.22 Subsidies and market failures 

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

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

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

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

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

Heekmann et al. (1998b, 1998c) analyze the effects of tax and education 
policiess in a closed economy general equilibrium model and argue that gen-
erall  equilibrium effects are so pervasive that education and tax policies hardly 
havee any effects in the long-run. In Heekman et al. (1999) an open econ-
omyy version of this model is used but this model has somewhat strange 
features.. For example, there is apparently no international trade which may 
leadd to (imperfect) wage rate equalization, only interest rates are fixed in 
internationall  capital markets. Further, policies that stimulate human capital 
formationn in open economies would normally attract more capital and give 
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Tablee 1,1: Overview thesis 

Features s 
Laborr tax 
Educationn subsidies 
Capitall  tax 
Endogenouss labor supply 
Capitall  markets imperfect 
Insurancee markets imperfect 
Redistribution n 

Chapter r 
2 2 
flatflat rate 
no o 
no o 
yes s 
no o 
no o 
yes s 

3 3 
flatflat rate 
no o 
no o 
no o 
yes s 
no o 
yes s 

4 4 
twoo bracket 
yes s 
yes s 
yes s 
no o 
no o 
yes s 

5 5 
flatt rate 
yes s 
no o 
no o 
yes s 
yes s 
no o 

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

1.55 Overview thesis 

Inn this book we take a typical public finance perspective. We attempt to 
answerr questions on the optimal design of tax and education policies. These 
questionss 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 
policyy objectives appear, such as the trade-off between equity and efficiency. 
Moreover,, second-best reasoning may actually explain some salient features 
off  current policies that cannot be understood by relying on first-best argu-
ments. . 

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

Tablee 1.1 contains the schematic overview of this thesis where the most 
importantt ingredients of the models are given. 
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Beloww we discuss in some more detail the contents of each Chapter. A 
remarkk 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 
taxx rates increase with income, although marginal rates can be constant as 
inn the linear case. This is caused by a non-individualized lump-sum transfer 
(aa negative income tax) that supplements the labor tax schedule. 

Chapterr  2 Optimal income taxation wit h endogenous human capi-
tal l 

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

Inn Chapter 2 we add human capital accumulation to the standard model of 
optimall  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. 
hourss worked, but also human capital accumulation. This is an important 
secondd dimension of labor supply because it enhances the quality of labor 
supply.. Clearly, the distribution of earnings potentials is now endogenous 
becausee agents both differ in their ability to learn and to earn incomes as 
aa consequence. This contrasts with the standard optimal taxation problem 
wheree the distribution of earnings potentials is exogenously given, see e.g. 
Mirrleess (1971), Stern (1976) or Atkinson and Stiglitz (1980). 

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

Wee derive an optimal tax formula that shows the trade-off between effi-
ciencyy costs of taxation and equity benefits of redistribution. Clearly, labor 
supplyy 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 
becomess cheaper. Therefore, tax distortions in learning and leisure decisions 
aree mutually reinforcing. As a direct consequence, we derive that optimal 
taxx rates on labor income decline when human capital formation is taken 
intoo account. Endogenous human capital accumulation makes the trade-off 
betweenn equity and efficiency more severe because the elasticity of taxable 
laborr earnings increases. Consequently, there is less redistribution of incomes 
att the social optimum with endogenous human capital formation. 

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

Chapterr  3 Opt ima l taxat ion of human capital and credit constraints 

Alsoo Chapter 3 again studies optimal linear income taxation in the two period 
modell  of learning. It does however allow for capital market imperfections, 
whichh are the main theme of this Chapter. Borrowing money to finance in-
vestmentss in human capital is supposed to be impossible due to transaction 
costs,, collateral and information problems. Hence, a pre-existing non-tax 
distortionn exists in the economy. In order to reduce the complexity of the 
analysiss 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 
thatt education subsidies are imperfect instruments. Moreover, capital taxes 
aree absent. 

Wee show that the optimal tax schedule is progressive even in the absence 
off  redistributional concerns, i.e. when agents are homogeneous. The intuition 
forr this result is that a more progressive tax system redistributes incomes 
fromm the old (the rich) to the young (the poor). Credit constraints for the 
youngg are relaxed by a more redistributive tax system so that investments 
inn human capital increase. This causes a first-order welfare gain because 
thee learning decisions were initiall y distorted. The tax, in contrast, initiall y 
causess 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 
initiall  non-tax distortion in the capital market. Clearly, optimal marginal 
taxess on income are not necessarily equal to zero in second-best situations, 
evenn if lump-sum taxation is allowed for. Indeed, progressive taxes can be 
justifiedd on pure efficiency grounds, without reference to equity. 

Wee also analyze the model with heterogeneous agents. Agents differ 
acrosss two dimensions: their initial (parental) wealth and their ability to 
learn.. Capital market imperfections reduce investments in human capital 
especiallyespecially for the poor and high ability agents. The latter are suffering more 
fromm credit constraints because they intend to learn more. We show that 
optimall  linear tax rates on human capital are positive on account of the 
redistributivee 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 
progressivee tax schedule since they suffer the most from credit constraints. In 
additionn also low ability agents with all backgrounds also tend to gain from 
progressivee taxes since they benefit most from redistribution. Rich agents 
withh high ability are the only ones who tend to loose from progressive taxes. 

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

Chapterr  4 Redistribution and education subsidies are Siamese twins 

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

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

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

Chapterr  5 Opt ima l financing of educat ion wi t h imperfect capital 
market ss and risk 

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

assumee that labor supply is fixed. In order arrive at a tractable model with 
asymmetricc information and heterogeneous agents, we also fix the returns 
too 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 
optimall  insurance of income risks. Insurance requires redistribution from 
thee lucky to the unlucky people. 

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

Thee government, however, can write equity and insurance contracts that 
aree dependent on the returns to the investment in human capital through the 
taxx system. The reason is that the government has the monopoly on power 
soo 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. 
Thee government provides students with the funds to finance education (to 
financee costs of living and tuition) while enrolled in exchange for a claim on 
thee students' future incomes. It is shown that a simple equity participation 
schemee of financing education coupled to income insurance is indeed optimal 
andd restores social efficiency in investments in human capital. The reason is 
thatt an equity participation scheme does not entail distortionary redistribu-
tionss from low risk to high risk graduates whereas with debt financing this 
distortionn lies at the heart of the capital market failure. 

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

Chapterr  6 A n investigat ion of educat ion finance reform . Graduate 
taxess and income contingent loans in th e Nether lands 

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

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

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

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

1.66 Some methodological notes 

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

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

PoliticalPolitical economy - In this thesis I take a normative perspective rather 
thann a more positive approach based on political economy considera-
tions.. Occasionally, the normative approach and the political economy 
approachh deliver identical results when political weights happen to be 
equall  to the weights attached to each individual in a social welfare func-
tion,, see for example the discussions in Van Winden (1999) and Persson 
andd Tabellini (2000). I think that political economy aspects are very 
relevantt to this subject matter, but the political economy approach has 
alreadyy been pioneered quite intensively. Based on important contribu-
tionss by Persson and Tabellini (1992) and Alesina and Rodrik (1994), 
thee political system is explicitly introduced, generally by majority vot-
ingg over government policies such as subsidies on education, taxation 
off  physical and human capital, private or public education, et cetera. 
Seee e.g. Creedy and Francois (1990), Glomm and Ravikumar (1992), 
Gradsteinn and Justman (1993), Galor and Zeira (1993), Perotti (1993), 
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Saint-Paull  and Verdier (1993), Fernandez and Rogerson (1995), and 
Bénabouu (1998). 

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

 Education as a signalling device - Arrow (1971), Spence (1973), and 
Stiglitzz (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-
sumee that education is productive and not a signalling device. Groot 
andd Oosterbeek (1994) find empirical support for a rejection of the 
screeningg hypothesis, based on the notion that drop-outs should not 
earnn a return on the years they spend in school, which is clearly re-
jectedd by the data. Moreover, growing evidence on the importance 
off  human capital to explain cross-country differences in output in for 
examplee Krueger and Lindahl (2002), is not consistent with the sig-
nallingg hypothesis, since in that theory education is non-productive 
fromm a macro-perspective. 

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

 Dynamics - In all chapters we discuss two-period models. Multi-period 
dynamicss are therefore ignored. Dynamic general equilibrium effects 
mayy be important as Heekman et al (1998a, 1998b, 1998c, 1999) have 
shown.. Dynamic effects are typically caused by general equilibrium ef-
fectss on factor prices, i.e wage and interest rates, see also above on gen-
erall  equilibrium issues. Furthermore, the intergenerational distribution 
off  welfare and the potential benefits of intergenerational risk-sharing 
mayy be affected by policies, which is now abstracted from. We isolate 
thee intergenerational distribution from the intragenerational distribu-
tionn by only employing policies that are 'funded' from the perspective 
off  each generation. This can be defended by appealing to 'grandfather-
ingg rules' that protect old generations from being hit by new policies, 
seee also Nielsen and S0rensen (1997). 
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