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1. INTRODUCTION


In Europe, North America and other countries, there is an ongoing debate on  potential ways of financing activities that have public good characteristics and involve positive externalities, since competitive equilibria are typically inefficient in such cases. Public financing via taxation is common worldwide, i.e. governments provide a uniform level of health care, social security and education. Education is the focus of this paper, since human capital accumulation is widely believed to have important effects on economic growth and welfare (see e.g. Lucas 1988, Tamura 1991, Barro-Sala-i-Martin 1995, Gylfason-Zoega 2003).

We focus on public education, because especially since the beginning of the twentieth century we have seen significant government intervention in the funding and provision of education worldwide (Gradstein 2000, Gradstein-Justman 2000, Thum-Ubelmesser 2001). In most countries primary and secondary education are mandatory and provided by the government and higher education is heavily subsidized (e.g. by deducting educational spending from taxable income).  

We use a model where human capital is the engine of long-run growth. It is an overlapping generations economy, where agents are alike both ex ante and ex post, i.e. we focus on symmetric equilibria. Following Glomm-Ravikumar (1992) and Kaganovich-Zilcha (1999),1 the human capital of each individual depends on the parents’ stock of human capital, time devoted to education (spent in school) and the inherited private spending on education. Parents have a bequest motive and value education 

spending (reflected on education quality)2 and human capital passed on to the next generation. 

Additionally, there is active social education policy. In particular, a benevolent fiscal authority uses distortionary income taxes to augment the economy-wide human capital accumulation by the provision of individual-specific educational vouchers to the parents, which increase inherited private education spending and act as input in the production of human capital (ISV), e.g. student scholarships, fellowships, teaching and research assistantships. Government gives also individual-specific transfers to the citizens, i.e. standard cash-transfers which increase private income expecting that they will be partly directed towards education by agents themselves (IST). Finally, policy involves direct spending, which provides economy-wide externalities to individual human capital accumulation (GH). Examples include public programs for libraries, expenditures on schools, teachers’ and university professors’ salaries etc. The allocation of public education expenditures among the above three alternative outlays (ISV, IST and GH) and the associated tax rate are chosen optimally by a centralized fiscal authority by maximizing the utility of the representative agent. We study private decisions and second-best fiscal policy, because an interrelation between ISV, IST and GH exists, which is important for growth and welfare. We derive analytical results where possible, and conduct numerical analysis using well-accepted parameter values from the empirical literature to obtain the optimal allocation of public spending between the three types of outlays (ISV, IST, GH) and the associated tax on initial human capital.  


The basic result of this paper is that it is optimal to give large voucher on inherited individual education expenditures and undertake high spending, which generates economy-wide externalities to individual human capital accumulation. These outlays should be financed by a low proportional tax on initial human capital and a high lump-sum tax.3
This result is expected, because the former two types of activity have direct effects on human capital accumulation, therefore growth. Furthermore, government finds it optimal to apply lump-sum taxes on private agents to finance its growth enhancing activities, since, although they are not really lump-sum in general equilibrium, they are less distortionary than income taxes. This is because the latter have also negative effects on labour supply and savings.4 Finally, the optimal policy mix is contingent on the fact that we examine symmetric equilibria, so only production efficiency and not income distribution matters. 

The paper is related to three strands of literature. First, it complements the literature on endogenous growth and human capital accumulation (see e.g. Romer 1986, Lucas 1988, Bovenberg-Van Ewijk 1997). Second, it is related to the literature, which tries to explain the widespread public provision and financing of education, in addition to standard explanations focusing on positive externalities, credit constraints, redistributive concerns etc. (Gradstein 2000, Gradstein-Justman 2000, Thum-Ubelmesser 2001). Third, this work is relevant to the large and diverse literature on alternative ways of financing education (see for example Epple-Romano 1998, Chen-West 2000, Meier 2000, Wildasin 2000).         

The paper is organized as follows. Section 2 solves for the competitive decentralized equilibrium under public education. Section 3 solves for the optimal revenue shares of the three types of government education spending and the associated tax rate numerically and conducts sensitivity analysis with respect to the most important parameters of the model. Also, it examines the following special cases: a) government finances only spending, which provides economy-wide externalities to individual human capital accumulation (GH) and individual-specific transfers (IST); b) government finances only GH and individual-specific vouchers (ISV). Section 4 concludes the paper. Technical details are contained in the appendices.

2. PUBLIC EDUCATION AND COMPETITIVE EQUILIBRIUM


Consider an overlapping generations economy, where there are N two-period-lived agents. Every parent has one child and population growth is zero. The members of each generation are identical. Agents derive utility from leisure when young and consumption and education spending (education quality) passed on to the next generation when old. This formulation is standard in the literature (see also Glomm-Ravikumar 1992, Zhang 1996, Cardak 1999, Kaganovich-Zilcha 1999). One unit of time is available for each individual in every period. During the first period, time is allocated to leisure and human capital accumulation, while in the second period all time is supplied in the labour market. 

The two generations alive in every period (i.e. young and old) are connected through two channels. First, the stock of human capital of the parents affects children’s learning. The second linkage between generations exists through bequests; in our model the bequest is education spending passed on to the young generation, because parents value the quality of education.

There are three types of government expenditures financed by taxes on private agents’ initial human capital, i.e. GH, ISV and IST (see Introduction for details). Note that both GH and ISV work as inputs to private human capital investment by complementing individual private inputs. We assume there are 
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 private agents who take policy instruments as given. 

Events take place in two stages. First, a centralized fiscal authority chooses the tax rate and the allocation of the associated tax revenues among the three types of education policy. Then, private agents choose consumption and leisure given economic policy.
2.1. Household behaviour

Solving the problem backwards, in the second stage, the agent 
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 taking individual-specific vouchers, individual-specific transfers, public investment, which provides economy-wide externalities to individual human capital accumulation and the income tax rate as given to maximize the utility function:
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subject to 
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where 
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 is the uniform proportional tax rate on initial human capital. The parameters 
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. When fiscal authority chooses policy subject to the decentralized competitive equilibrium, we assume that agents are identical, since we focus on the optimal allocation of tax revenues between the various types of education spending mentioned above under symmetric equilibria. Finally, 
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 is a technological parameter that stands for the productivity of all factors in private human capital accumulation and 
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 exhibit the elasticities of the accumulation process with regard to time devoted to education, inherited education expenditure adjusted for ISV, net (after-tax/transfers) human capital and GH respectively.    

Furthermore, given the assumption that agents supply one unit of labour inelastically in period 
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 and states that net human capital is devoted to consumption and education. Equation (3) shows that income in period 
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. So, the more educated parents are, the more help they are likely to give to their offspring and the more educated the latter will be. High inherited education spending has the same effect on children’s learning. 

Conditions (2) and (4) imply that 
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The first-order conditions give:6
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The above results are similar to those in GR (1992). So, equation (6) implies that leisure is constant in equilibrium and independent of initial human capital, as the income and substitution affects balance each other perfectly.7 

By partial differentiation of (6)-(9) with respect to 
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 Result 1 
a) Leisure is a positive function of the preferences over leisure 
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b) Consumption and education expenditures in period 
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c) Human capital in period 
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2.2 Government budget constraint

The government runs a balanced budget. It uses revenues from proportional taxation of initial human capital and allocates them between three types of spending, i.e. individual-specific vouchers, 
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If there are 
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 private agents, the government budget constraint is: 
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Without loss of generality, we denote the shares of total tax revenues financing 
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respectively. Thus (10) can be decomposed into:
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Equations (10)-(14) imply that economic policy is summarized by 
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2.3 Competitive decentralized equilibrium

Given the policy vector 
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 such that: (i) households maximize utility given economic policy; (ii) markets clear; (iii) the government budget constraint is satisfied. We will make use of the specific functional forms and try to obtain closed-form solutions for the elements of the CDE. 

We will assume that in a CDE private agents are alike.8 We then impose the symmetricity conditions, i.e. 
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Using (12)-(15), we get the following:
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 By (6)-(9), (15)-(18) we have the following result: 


Result 2  

In a symmetric competitive decentralized equilibrium (given any economic policy), optimal leisure, consumption, education expenditures, individual human capital, individual specific vouchers, public spending on economic-wide human capital and individual- specific transfers are respectively:  
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To summarize, (19)-(25) give 
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 respectively in a CDE. This holds for any fiscal policy, where the latter is represented by the income tax rate 
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3. OPTIMAL ECONOMIC POLICY


3.1 Basic results

To endogenize economic policy, it is sufficient to determine the independent policy instruments 
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Differentiating (26) with respect to 
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Therefore, the optimal (second-best) tax rate 
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; c) public spending, which provides economy-wide externalities to individual human capital accumulation 
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3.2 Numerical results 

Since we cannot get an analytical solution for (27)-(29), we resort to numerical methods. To solve numerically for the optimal policy vector 
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In order to obtain numerical values for the second-best policy 
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 are obtained from a similar analysis in Benhabib-Perli (1994) and the work of Psacharopoulos (1985), Magoula-Psacharopoulos (1997) and Acemoglou-Angrist (1999). The value for 
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. The negative value of 
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 implies that it is optimal for the government to impose an individual-specific lump-sum tax. 
Therefore, we have:  

Result 3

It is socially optimal to provide a large voucher on individual inherited education expenditures and spend heavily on activities that enhance economy-wide human capital accumulation. In addition, it is optimal to finance government expenditures by a low proportional tax on initial human capital and a high lump-sum tax. 

The rationale behind this result is that the government finds it optimal to spend on education vouchers and activities, which augment the economy-wide human capital, rather than on cash transfers. This is because the former two types of activity have direct positive effects on human capital accumulation, hence growth. Specifically, since 
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, the fiscal authority finds it optimal to tax private agents rather than transfer them cash. This is because, since the government needs revenues to finance its growth enhancing activities, it prefers to use the least distortionary tax method, i.e. lump-sum taxes. Although it is well recognized that these taxes are not really lump-sum in a general equilibrium model, they are nevertheless less distortionary than income taxes, because the latter have also adverse direct effects on labour supply and savings (see footnotes 3-4). Note that here we are not concerned with equality issues and only production efficiency matters. 
3.3 Sensitivity analysis 

After having computed the second-best income tax rate and the associated shares of ISV, IST and GH in public spending, we conduct a sensitivity analysis of 
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First, we must mention that the fraction of IST in government spending is determined residually by condition (11). Therefore, there is no need to comment on the change of 
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From Figure 1, we observe that as 
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 declines, because the stronger the preference over education expenditures 
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) the agents are willing to devote to education, therefore the lower the fraction of government spending necessary to finance individual-specific educational vouchers (
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). Also, the income tax rate 
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, as implied by (30) and (32). They are equal to 0.011 and 2 respectively (for the details of the calculations see Table B1 in Appendix B).

Figure 1. Sensitivity of 
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Furthermore, we note from Figure 2 that 
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 implies higher productivity of ISV relative to IST and GH. This makes it optimal to devote a larger fraction of tax revenues to ISV and a smaller fraction to IST and GH. Also, an increase in 
[image: image201.wmf]t

 is necessary to finance the rise in spending on ISV. (Note: Figure 2 corresponds to Table B2 in Appendix B). 

Figure 2. Sensitivity of 
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By looking at Figure 3 (for details see Table B3 in Appendix B), we see that there is a positive relation between the elasticity of future human capital with respect to after-tax income adjusted for cash transfers 
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 and 
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. This happens because an increase in 
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 means that IST becomes more productive relative to ISV and GH, therefore there is scope for an increased share of IST in government spending compared to the other two types of expenditures. Furthermore, 
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 has to rise, so that the additional spending on IST is covered.   

Figure 3. Sensitivity of 
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In Figure 4, we note that 
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 is a negative function of the elasticity of human capital with respect to public spending on economy-wide human capital 
[image: image215.wmf](

)

z

, 
[image: image216.wmf]t

 is a positive function of 
[image: image217.wmf]z

 and 
[image: image218.wmf]2

k

 is not affected by 
[image: image219.wmf]z

 being equal to 2. This is the case, because the productivity of ISV falls relative to GH when 
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 increases, so a smaller fraction of spending goes to ISV. The share of GH is not affected by 
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 and it is always high due to scale effects, i.e. because its productivity rises with the number of agents in the economy. At the same time the negative IST can not balance the budget if the initial tax rate stays constant, so an increase in 
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 is necessary. (See the relevant calculations in Table B4, Appendix B).

Figure 4. Sensitivity of 
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3.4 Special cases 

3.4.1 No lump-sum taxation

From Figures 1-4, we see that the share of public education spending on economy-wide human capital 
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 is always positive, but the respective share spent on individual-specific cash transfers 
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 is negative in most cases. This implies imposing a lump-sum tax on private agents. This is rather unrealistic from a policy point of view, so we shall focus on the special case, where there is no such taxation (
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The first-order conditions (28)-(29) with the use of (33) are now simplified as follows: 
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If we substitute the baseline values for the model’s parameters (see Section 3.2), i.e. 
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. As a consequence, we derive the following result:

Result 4

If lump-sum taxation of the agents is not feasible, it is socially optimal to direct government expenditures exclusively on activities that provide economy-wide externalities to individual human capital accumulation and impose taxes on inherited private education spending and initial human capital stock.  

This result is to be expected, since in our model, where we consider only symmetric equilibria, optimality is determined exclusively by productive efficiency and not equality. Therefore, there is only scope for financing policies conducive to human capital accumulation and growth. In the special case we examine, the policy instrument most favorable to growth is government expenditures that generate economy-wide externalities to the accumulation of individual human capital, since the alternative policy is spending which augments the initial individual education expenditure. As a result, the former policy is welfare superior to the latter and we must tax the initial individual education expenditure to finance expenditures on economy-wide human capital, because the revenues generated by the taxation of initial human capital are not sufficient to maintain a balanced budget.

3.4.2 No intervention on private education spending

As we saw in Figures 1-4, the share of public spending devoted to economy-wide human capital 
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 is always positive, but the respective share spent on individual-specific vouchers 
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 is negative in several cases. The latter means imposing a tax on education spending of the young generation inherited by the old generation. As this might be unrealistic from a policy point of view, we shall examine the special case, where there is no government intervention in private education spending, i.e. 
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If we substitute 
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 by (37) into (36), the latter becomes an identity, i.e. it holds for any parameter values. Therefore, effectively, we have one equation, (37), in two unknowns, 
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. This implies that we can set values for one of the unknowns arbitrarily and get the associated values for the other. Setting one of the policy instruments exogenously makes also sense theoretically, because it is difficult for policy makers to choose all policy instruments optimally. Even when we assume that a benevolent social planner sets economic policy, there might be lack of non-distorting policy instruments and difference of ex ante/ex post elasticities (see Drazen, p. 109), which lead to time inconsistency problems due to conflicts among private agents    (Drazen, pp. 111-112). Moreover, if government is non-benevolent, time-inconsistency reflects conflicts of interests between private agents and between policy makers. In general, we conclude the following:

Result 5

The higher the income tax rate, the lower the fraction of government spending devoted to economy-wide human capital accumulation and the higher the respective fraction spent on individual-specific income transfers. 

If we set the value of the tax rate arbitrarily at 
[image: image254.wmf]4

.

0

=

t

, which is an empirically plausible baseline value (see Easterly-Rebello, 1993), we have that 
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 is conducted in Figure 5 below (see also Table B5 in Appendix B).


From Figure 5, we observe that the higher 
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 is, the lower 
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 and the higher 
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 are. This happens, since a higher tax rate on initial human capital induces more distortions in the economy. As a result, public education spending has to be shifted away from more distortionary activities, like GH, to less distortionary ones, i.e. IST in our case. 

Figure 5. Sensitivity of 
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4. CONCLUSIONS 

In this paper we examined the general equilibrium implications of various education policies, i.e. individual-specific vouchers (ISV), individual-specific transfers (IST) and public investment on economy-wide human capital (GH). The objective was to determine the optimal allocation of tax revenues between the three types of government spending on education and the associated tax rate, subject to the symmetric competitive decentralized equilibrium. We focused on public education, because government funding and provision of education is common in most countries, both developed and developing, nowadays. 

We were not able to obtain analytical solutions for the optimal policy mix, so we applied numerical methods using well-accepted values from the empirical literature for the model’s parameters. For the baseline parameter values, it was shown that government should provide a large voucher to inherited individual education expenditures and incur high spending, which generates economy-wide externalities to individual human capital accumulation. These outlays should be financed by a low proportional tax on initial human capital and a high lump-sum tax. 

Following this, we conducted a sensitivity analysis over the whole range of empirically plausible parameter values. The main finding is that the optimal allocation of tax revenues between ISV, IST and GH depends on the relative productivity of these three types of expenditures and the preference parameter over education expenditures. As a result, the more productive one type of education expenditure becomes relative to the others, the higher is its optimal fraction in government spending and the lower the optimal fraction of the others. Also, the stronger the preference over education quality, the higher the share of education expenditures, which is optimal to be devoted to IST. 

In the last section of our study, we focused on two special cases. In the first, there is no lump-sum taxation of private agents’ income. Then it is optimal to undertake large expenditures that provide economy-wide externalities to individual human capital accumulation and impose taxes on inherited private education spending as well as initial human capital stock. In the second case, there is no policy intervention in private inherited education spending. In such a case, the higher the tax rate, the lower the optimal fraction of GH and the higher the portion of IST in public spending.

We close with possible extensions. First, we might assume that government spending on education is not pure public good, but subject to congestion. Also, we could work with a multi-period, instead of two-period, dynamic model under uncertainty with respect to the returns to human capital, where the effects of agents’ actions and government policies spread over an infinite horizon. We leave these extensions for the future.





APPENDICES

APPENDIX A

The second-order sufficient conditions for the problem given by (26) are the following:
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APPENDIX B

Table B1. Sensitivity analysis of 
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1 These are two of the most popular models in the literature. See also Epple-Romano (1998).


2 Education spending by the parents and education quality received by their children are assumed to be equivalent in our analysis.


3 By lump-sum tax we mean a tax, which has only an income effect and no substitution effect on the choices of individuals (see Atkinson-Stiglitz, 1980, p. 34).    


4 For details on the effects of income taxes on labour supply and savings see Atkinson-Stiglitz (1980), pp. 23-59, 62-95 respectively.


5 Regarding human capital accumulation, empirical studies show that the quality of education, measured e.g. by the student/teacher ratio, term length or relative pay of teachers, influences positively the rate of return of individuals to education, therefore their future income (see Card-Krueger, 1992). Also, the empirical work shows a positive correlation between parental knowledge and child performance in school (see Coleman, 1966). Furthermore, time spent on human capital investment is expected to have a positive effect on school performance.


As a result, one may argue that human capital investment depends on the time devoted to it, individual human capital endowments and policy instruments, the role of which is analyzed in the main text. This model resembles also the technology of Lucas (1988).


6 The second-order conditions are also satisfied.


7 This holds due to log-linear preferences.


8 This assumption is reasonable, since we focus on the optimal allocation of tax revenues between the three types of public education spending and not on inequality or free-riding effects on equilibrium outcomes. 


� The second-order conditions of the problem are outlined in Appendix A.
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