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Chapterr 5 

Optimall  Financing of 
Educationn with Capital and 
Insurancee Market 
Imperfections s 

5.11 Introduction 

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

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

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

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

Underinvestmentt also results if risk averse investors cannot insure the 
incomee risks associated with investments in human capital. Investors require 
aa risk premium on their investments if returns are indeed uncertain, cf. the 
standardd portfolio model. If risks are idiosyncratic, however, private par-
tiess would offer standard insurance contracts that would take away income 
uncertainty.. Clearly, insurance contracts cannot be executed by private par-
tiess because contracts cannot be made contingent upon the returns of the 
investmentt for legal reasons (non-slavery).4 Since income risks cannot be 
pooled,, under-invest ment results. Therefore, some form of income insurance 
iss optimal, see also Eaton and Rosen (1980), Varian (1980), and Sinn (1995). 
Asymmetricc information also plays a role here. Individual earnings capaci-
tiess and abilities are generally well known before income insurance contracts 
cann be written so that adverse selection occurs and the 'good risks1 separate 
themselvess from the 'bad risks' and the market for insurance contracts may 
breakk down, cf. Rothshield and Stiglitz (1976). 

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

Underinvestmentt in human capital due to capital market failures can 
potentiallyy have adverse effects as some recent studies suggest.5 Capital and 

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

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

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

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

Economistss have often advocated some more equitable forms of education 
financefinance of loans with insurance elements such as income contingent loans or 
graduatee taxes. The idea is that both capital and insurance market failures 
aree directly addressed, see Nerlove (1972, 1975), Barr (1991, 1993), Chapman 
(1997),, Oosterbeek (1998), and Garcia-Penalosa and Walde (2000). Fried-
mann (1962) and Van Wijnbergen (1998) argue that government should allow 
graduatess to issue equity to finance their investments in human capital.6 

Exceptt for Garcia-Penalosa and Walde (2000), none of these studies has 
yett applied formal analysis to the problem of optimal financing of education 
andd to the proposed solutions. Although Garcia-Penalosa and Walde (2000) 
analyzee the optimal design of education financing, they do not pay attention 
too the underlying micro-economic causes of market failures, i.e. asymmetric 

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

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

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

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

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

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

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

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

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

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

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

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

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

5.2.11 Students 

Thee benchmark model is the simplest possible model with capital and insur-
ancee market imperfections. We extend Stiglitz and Weiss (1981) by allowing 
forr risk averse investors. Consider a mass of graduates of unit measure in-
dexedd i. Each graduate decides whether to enroll in higher education which 
requiress an investment of K. K can be thought of as tuition costs and fore-
gonee earnings. The return to the investment in human capital is random. 
Wee only consider two-outcome projects and denote the return in the success-
full  outcome Rf and R{ if the investment in human capital fails. Expected 
returnss for all graduates are the same so that: 

RR = Ri= piRl + (1 - Pi)R{ = const. Vi, (5.1) 

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

thee spread of returns (not the mean returns). The latter assumption results 
inn under-investment in human capital as a consequence of imperfect capital 
markets,, see below. We think that that this is the relevant case to analyze, 
becausee otherwise there is no problem with under-investment arising from 
capitall  market failures. If mean returns differ, and not the spread of returns, 
investmentt in human capital would inefficiently high because the high re-
turnn graduates subsidize low return graduates, see also De Meza and Webb 
(1987).11 1 

Wee assume, without loss of generality, that R{ = R*. We say that grad-
uatee i is riskier than graduate j if p{ < pj.12 All graduates have identical 

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

12Generallyy speaking one cannot say that graduate i has higher risk than graduate j if 
PiPi < pj because the variance of returns first increases and then decreases with p because 
thee returns are bi-modally distributed. However, with mean returns restricted to be equal 
acrosss all i, and R* fixed, it is easily shown that the variance decreases with />,. The 
variancee of graduate i is var(Ri) = p{(l - Pi)(Rf - Rf)2, substitution of (5.1) for R* and 
differentiatingg gives: dvar(Ri)/dpi — —(R - R^)2/p2 < 0, Vi. 
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initiall  wealth W( — W which is insufficient to cover all costs of education, so 
thatt W < K. Therefore, additional finance is required. 

Wee make the following important 'non-slavery' assumption. Financial 
contractss between students and financial institutions cannot be made con-
tingentt upon the returns to the investment in human capital. Only debt 
financefinance is therefore allowed, since a debt contract {r, B) that specifies the 
principall  B and interest rate r is independent on the returns of the invest-
ment.. Furthermore, income insurance is impossible since this requires also 
contractss dependent on the returns. 

Iff  graduates decide to invest in education they borrow B — K — W 
att interest rate r. In case the investment in education fails, banks receive 
thee return from the investment, i.e. banks receive R*. In case education 
iss indeed successful banks receive principal plus interest. We assume that 
RfRf > (1 + r)B > Rf.13 Since graduates have limited liabilit y the return nx 

forr graduate i is given by: 

7r7rii = max[Ra
i- (l + r) f i ,0] . (5.2) 

Riskk averse graduates have an expected utilit y function EU{Tti) with 
U(0)U(0) = 0, U' > 0, U" < 0. U'" > 0, U'{0) = oo , and U'{oo) = 0. Graduates 
aree willin g to invest in risky education financed with debt as long as: 

EUim)EUim) = EUfa) =  PtU(Rt - (1 + r)B) > U{{\  + p)W), (5.3) 

wheree p is the safe real return on non-human investments (savings). 
Expectedd utilit y is potentially first increasing, then reaches a maximum 

andd then decreases with the probability of a success pl. To see this, differen-
tiatee (5.3) while substituting (5.1): 

d E U ^  ̂ = U{R°~{l+r)B)-U'{R°-{l  + r)B)(R°-Rf)<  (5.4) 
apt apt 

U(RtU(Rt - (1 + r)B) - U'(R° - (1 + r)B)(R° - (1 + r)B). 

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

13Wee assume that Rf is always low enough so as to meet the inequality, since r is 
endogenous. . 
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function.. Therefore, the first line may be either positive or negative, since 
(R*(R* - Rf) > (R* - (l + r)B). Whether (5.5) is positive or not depends on the 
sizee of (1 + r)B — Rf and the amount of risk aversion. If borrowing costs are 
largee (large (l+r)B),  returns in the bad outcome (low Rf) are small, and risk 
aversionn is small, then dEU(pi)/dpi may be negative, and vice versa. This 
casee has a clear economic intuition. Large borrowing costs due to high inter-
estt rates and low returns in cases of bad outcomes are typically encountered 
inn risky economic environments. 

Graphically,, we can sketch the graph of EU(pi). We know that EU(0) = 
0,, and EU(l) = U(R - (1 + r)B) > 0. The graph of EU(pi)is either always 
monotonicallyy increasing, or first increasing and then decreasing to reach 
EU(l),EU(l), see for example figures 5.1 and 5.2. The intuition for the shape 
off  EU(7Ti) can be understood most easily by also plotting U(E-Ki), which 
denotess utility from the certainty equivalent. This line corresponds to the 
Stiglitzz and Weiss (1981) case. 

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

Iff  graduates are risk averse, expected utility is lowered due to the fact 
thatt they require a risk premium on their investments in human capital. 
Expectedd utility may initially increase if pi is lowered due to the positive 
effectt of having limited liability. This limited liability effect is more important 
whenn risk aversion is small, incomes in the bad state of nature are lower (Rf 
lower)) or if interest rates are higher so that debt costs are higher ((1 + r)B 
larger),, since then the welfare gain of being able to shift default costs to 
bankss increases. 

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

Iff  risk aversion is large, incomes in the bad state are high or borrowing 
costss low, expected utility can be decreasing for all pi. The negative effect 
off  risk aversion on expected utility always dominates the positive effect on 
expectedd utility of having limited liability. 
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Figuree 5.1: Investment decision debt financing with high and low risk aversion 
{Rf{Rf = .5,R = 3,W = .6,B = l,p = 0,r= .5). 

-EU(Pi)) CRRA = .5 

 U(EPi) CRRA= .5 

-EU(P i )CRRA== .75 

-U(EPi)CRRAA = .75 

-U((1+rho)W) ) 

0.11 0.2 \\ 0.5 0.6 

probabilit yy  of succe s 

0.77 0.8 

Forr example, if utilit y is CRRA {EU{it l) = Pi(Rf - (l + r ) S )1 _V ( l -0)), 
thenn (5.5) may be always positive (low interest rate, high return in bad 
outcome)) for risk averse graduates, i.e. when 0 < 9 < 1, see figure 5.1. 
Strongerr risk aversion (higher 9) makes the EU line more negatively sloping. 
Wee plotted the case for which the interest rate is higher (r = 1.5) in figure 
5.2.. Hence, for high pt the positive effect of limited liabilit y dominates the 
negativee risk aversion effect on risk taking, so that EU{-Ki) is first increasing 
andd then decreasing. 

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

dpm dpm 
dr dr 

PmU'(.)B PmU'(.)B 
(5.5) ) 

u(.)-u'(.){wu(.)-u'(.){wmm-wy -wy 
i.e.. dpmjdr > 0 when (5.5) > 0 and vice versa. In case graduates are risk 
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Figuree 5.2: Investment decision debt financing with low risk aversion and 
highh interest rates (Rf = .5, R "= 3, W = .6, B = 1, p = 0, r = 1.5). 

probabilityy of succes 

neutrall  we have pm = (R — Rf — (1 4- p)W)/{{\ + r)B — Rf), and therefore, 
dpm/drdpm/dr < 0 for risk neutral graduates. 

Iff  dpi/dr < 0 Vi, high-risk graduates (with low pt) are willin g to pay higher 
interestt rates on loans. This is the source of adverse selection in Stiglitz and 
Weisss (1981), since banks cannot observe pi. If bank increase interest rates 
chargedd to students, the average risk in the pool of loan applicants increases. 
However,, if dpi/dr > 0 Vi, the high risk graduates drop out of the credit 
markett first, and increasing the interest rate creates a positive selection effect 
onn the loan applicants. 

Inn the intermediate case, dpi/dr switches in sign if risk aversion is small, 
interestt rates are not sufficiently low ((1 + r)B high) or incomes in the bad 
statee of nature are not sufficiently high {Rf low). I.e. when dpi/dr > 0 for 
loww pi and dpl/dr < 0 for high Pi. Then, there are in fact two 'marginal 
graduates'' p and p, because the EU{iri)  line cuts the U{{\  + p)W) line twice 
onn the interval [0,1], see figure 5.2. p corresponds to the marginal graduate 
withh the lowest probability of success, who is ing to invest, where dp/dr > 0. 
pp corresponds to the marginal graduate with the highest probability of success 
whoo is ing to invest, with dp/dr < 0. Graduates with pt < p or p, > p, do 
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nott invest. 

5.2.22 Banks 

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

Bankss obtain funds at real safe (deposit) rate p. For simplicity we as-
sumee that the supply of funds to banks is totally elastic. Further, let 
PPmm stand for the average probability that graduates apply for a loan, i.e. 
PPmm = E\pi\EU{.) - U((l+p)W) > 0] = f?f(j>i)dPi. Expected profits II for 
thee banks are then given by: 

nn = (1 + r)B fPplf(pi)dPl + Rf f (1 - Pi)f{pi)dpi - (1 + P)BPm. (5.6) 
JJ P Jp 

Inn equilibrium, perfect competition between banks drives expected profits 
downn to zero. 

5.2.33 Equil ibr ium 

Inn equilibrium banks offer debt contract such that no equilibrium contract 
makess negative expected profits and there is no other debt contract such 
thatt this can make non-negative expected profits. From Stiglitz and Weiss 
(1981),, and others we know that credit may be rationed in equilibrium. The 
importantt assumption driving these results is that dpm/dr < 0 which always 
holdss true if we assume that graduates are risk neutral. The intuition is 
thatt even though there may be an excess demand for credit, banks are not 
willin gg to increase the interest rate to choke off excess demand for credit, 
sincee the good risk graduates (high pi) drop out of the market and do not 
investt (adverse selection). The average default risk on loans may increase so 
muchh that this causes losses that are larger than the increased revenues from 
higherr interest rates. 
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Thee intuition for the credit rationing result can also be derived from 
differentiationn of (5.6) with respect to the interest rate - note that in this 
casee p — 0, and pm — p, since all high risk graduates apply for credit: 

(JU(JU p An 

~^~^  = B J ^ / ( ^ ) ^ + [(l + 0^m/(pm) + ^ ( l - ^ m ) / ( p m ) ] ^ . (5.7) 

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

Propositionn 1 (Stiglitz and Weiss) A credit rationing equilibrium exists if 
dpdpmm/dr/dr < 0 Vi, which always for holds risk neutral investors. 

Prooff  - (See also De Meza and Webb (1987)) Suppose that the equilib-
riumm interest rate is r', such that some graduates with socially profitable 
investmentss do not get credit, i.e. for investors where piU((R — R*)/pi — 
((11 + r')B - Rf)) > U{{\  + p)W). A necessary condition is that dli/dr = 0 
forr r' to be an equilibrium interest rate. Consequently, higher interest rates 
inn order to meet excess demand for credit results in losses. The reason is 
thatt if r is increased banks get more revenues from successful graduates, but 
alsoo relatively more risky graduates apply for credit since dpm/dr < 0, pm 

falls.. Therefore, dïl/dr ^ 0 depends on whether the revenue effect is larger 
orr smaller than the adverse selection effect. If at r' the adverse selection 
effectt equals the revenue effect, dli/dr — 0, and credit is rationed. 

D D 

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

Proof-- Suppose that the interest rate is set at r', such that some graduates 
withh profitable investments, i.e. PiU((R - Rf)/Pi ~ (il +  r')B ~ Rf)) > 
E/((ll  + p)W), do not obtain credit. If this is so, then the bank can keep its 
initiall  volume of outstanding loans if it makes a small increase in the interest 
charged.. A necessary condition for credit rationing to occur at r' is then that 
dli/drdli/dr  — 0. However, this is not the case. If r' is increased, the probability of 
successs of the marginal graduate increases because dpm/dr > 0, consequently 
andd we have from (5.7) that dR/dr > 0. The reason is that banks receive 
moree revenues from successful graduates and make less losses because there 
aree less unsuccessful graduates if interest rates are increased. Therefore, a 
creditt rationing equilibrium does not exist if dpm/dr > 0. Furthermore, 
iff  the interest rate were above the market clearing level, profit maximizing 
bankss would offer loan contracts generating profits at lower interest rate until 
markett equilibrium with zero profits is restored. 

D D 

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

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

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

14AA second condition for credit rationing to occur is that U((l + p)W)EU(ir) for Pi = 1, 
i.e.. expected utilit y of investment for the safest graduate is always lower than expected 
utilit yy from alternative investments for the safest graduate. If this was not the case, EU(.) 
cutss U((\ + p)W) only once on domain [0,1] so that there is exactlyy one marginal graduate 
forr whom dpm/dr > 0, so that credit rationing cannot occur. 
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Figuree 5.3: Investment decision debt financing. Effects of increasing interest 
ratess [Rf = .5, R = 3, W = .6, B = 1, p = 0). 
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bee seen as well by differentiating the bank's profit function: 

dU dU 
dr dr 

BB JP
Plf{pl)dPi + [(1 + r)Bpf(p) + R}{1 ~ P)f(p)}dP 

dr dr 

+[(l+[(l  + r)Bpf(p) + Rf(l-p)f(p)] dp dp 
dr dr 

(5. . 

Thee first-term is the standard term denoting increased revenue on all out-
standingg loans, the second term measures the positive selection effect because 
thee bad risks drop out of the credit market (dp/dr > 0) , whereas the third 
termm measures the negative adverse selection effect because also some good 
riskk graduates drop out of the market (dp/dr < 0). Only if the third effect 
dominatess the first two effects, there can be a credit rationing equilibrium. 
Thiss depends on the number of good risk graduates dropping out of the mar-
kett relative to the number of bad risks dropping out of the market.15 Due 
too the presence of the third positive selection effect, credit rationing is less 
likelyy to occur, than in Stiglitz and Weiss (1981) with risk neutral investors. 

155 In case p = p, increasing the interest rate drives all projects out of the market and no 
onee invests. 
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Propos i t ionn 3 (Credit rationing with small risk aversion) A credit rationing 
equilibriumm may exist if for some low pit dpi/dr > 0, and for some 
highh pi with dpi/dr < 0. The positive effects of higher revenues on 
outstandingg debts, and positive selection effects must be outweighed 
byy the adverse selection effects. 

Prooff  - By similar reasoning as in proposition 1. Suppose that the equi-
libriumm interest rate is r', such that some graduates with socially profitable 
investmentss do not get credit, i.e. for investors where piU((R — R^)/p, — 
((11 + r')B - Rf)) > U((l + p)W). A necessary condition is that dïl/dr = 0 
forr r' to be an equilibrium interest rate. Consequently, higher interest rates 
inn order to meet excess demand results in losses. The reason is that if r is 
increasedd banks get more revenues from successful graduates, and some risky 
graduatess may drop out of the market since dp/dr > 0, but also relatively 
moree risky graduates apply for credit since dp/dr < 0. p falls. Therefore. 
dU/drdU/dr ^ 0 depends on whether the revenue and positive selection effects 
aree larger or smaller than the adverse selection effect. If at r' the adverse 
selectionn effect equals the revenue and positive selection effects, dU/dr — 0, 
andd credit is rationed. 

D D 

5.2.44 Efficiency market equil ibrium 

Wee can show that investment in human capital is below its socially optimal 
level,, whether credit is rationed or not. This is the consequence of both the 
under-investmentt resulting from risk aversion due to non-insurable income 
riskss and due to the information problem between banks and graduates. In-
vestmentt in human capital is socially efficient when graduates with expected 
'gross'' returns on investment in human capital that larger than costs of in-
vestmentss should indeed invest in human capital, i.e.: 

p,R*p,R* + (l~pt)R
f >(l  + p)K, Vi. (5.9) 

Sincee all projects have the same mean gross return, (5.9) should hold with 
equalityy for all projects. To determine whether there is under-investment we 
needd to determine whether (5.9) holds. 

Propos i t ionn 4 (Under-investment) Under-investment in human capital re-
sultss whether credit is rationed or not. 

152 2 



ChapterChapter 5 Optimal Financing of Education 

Prooff  - For every graduate we have U((l + p)W) < El/fa) < U(Eiïi), 
i.e.,, Pi{R\ — (1 + T)B) > (1 4- p)W. Summing over all graduates we have: 

(11 + p)W fP f(pi)dPi < [plRlf{Pi)dpl - (1 + r)B ( Pif(Pi)dPi. (5.10) 
JpJp Jp Jp 

Whenn we add J?(l — Pi)R* f{pi)dpt to both sides and substitute the zero 
profitt condition for banks we arrive at: R = piR* + (1 - Pi)Rf > (1 + p)K, 
Vi.. So under-investment in human capital obtains. 

Iff  graduates are risk neutral, the same derivation holds, except for the 
factt that we integrate over f£m rather than ƒ?, since pm = p and p = 0 for 
riskk neutral investors. The information problem results in drop outs of the 
'good'' risk graduates, for whom investments in human capital are socially 
efficient.. Therefore, there is under-investment in equilibrium on account of 
asymmetricc information and risk aversion of graduates. 

D D 

5.33 Optimal education policy 

Itt is not clear whether debt contracts are the optimal type of contracts in the 
modell  presented above, as for example Cho (1986) and De Meza and Webb 
(1987)) have shown. They argued that equity financing is optimal rather than 
debtt financing in the Stiglitz and Weiss model with risk neutral investors. 
Wee show below that equity financing of investments is indeed optimal even 
whenn graduates are risk averse, but the reason is not trivial and importantly 
differingg from Cho (1986) and De Meza and Webb (1987). 

Equityy and insurance contracts are impossible for legal reasons. There-
fore,, only debt contracts can be written by private parties. This is likely to 
bee an important constraint for the financing of investments in human capi-
tal.. The point of this Chapter is that the government can in fact buy shares 
inn graduates' earnings prospects because the government can secure claims 
onn human capital. The reason is that the government is the only authority 
thatt is legally allowed to tax individual members of society. Consequently, 
byy being able to tax incomes, it has an effective claim on all human capital 
stockss in society. Therefore, the government is actually able to circumvent 
thee barriers to writing optimal contracts that private parties face.16 

16Further,, the tax authority is able to claim human capital embodied in members of soci-
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5.3.11 Equity financing of education 

Supposee that the government buys shares in graduates' human capital. It 
providess equity E — K — W to all graduates obtaining an education in 
exchangee for a claim on the returns from human capital. We assume that 
thiss claim is executed through a proportional tax t on the returns of the 
investmentt in human capital. The expected utilit y of a graduate who finances 
educationn with the equity stake of the government is now given by: 

EUfc)EUfc) = PlU{{\  - t)Rl) + (1 - Pi)U((l - t)&). (5.11) 

Wee assume that if the government finances education, graduates cannot use 
debtt at the same time. We establish later that is never occurs. 

Wee repeat the argument by De Meza and Webb (1987) that establishes 
thee optimality of equity financing when graduates are risk neutral (U linear). 
Thee intuition is that when banks offer equity contracts, they attract the low 
riskk investors, whereas the debt contract would only attract the high risk 
investors. . 

Propos i t ionn 5 (Optimal finance risk neutral graduates) The optimal con-
tractt for risk neutral investors is an equity contract for financing edu-
cation. . 

Prooff  - Assume that the government acts as if it was a profit maximizing 
bankk offering both debt and equity contracts. Let the probability of success 
off  the marginal graduate that is indifferent between debt and equity financing 
off  education be denoted p0. We derive the expected returns for the indifferent 
graduatee with pt = p0: 

(11 - t)(PoRl + (1 - Po)Rf) = Po(R
s
0 - (1 + r)B). (5.12) 

Usingg (5.1) yields p0 = p0(t,r) = {tR - Rf)/{(1 + r)B - Rf), so that 
dpo/dtdpo/dt > 0, dp0/dr < 0. Due to the constancy of expected returns, the 

etyy without making the (huge) transaction costs involved by going to court to enforce these 
claimss which would occur if private parties actually engaged in equity finance. Marginal 
transactionn costs of enforcing the claims on stocks of human capital are essentially be zero 
ass we assume here. Available evidence suggests that this is not a bad approximation. 
Administrativee costs were as low as 1% of the total loans repaid in the income contingent 
loann system in Australia, see Chapman (1997, p. 747). This is low given the complexity 
off  the contract created by link to income. 
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leftt hand side of (5.12) is independent from pi7 however, the right hand side 
iss decreasing in Pi. The government knows therefore that graduates obtain-
ingg debt finance have lower probabilities of success than the graduate who is 
indifferent,, i.e. pi < p0. Similarly, graduates obtaining equity finance have 
pipi > p0. Expected profits from equity contracts are always higher than the 
profitss on the indifferent investor whereas expected profits from debt con-
tractss are always lower than on the debt contract offered to the indifferent 
investor.. Therefore, an equilibrium with both debt and equity contracts is 
impossible. . 

Wee can show that, for the indifferent graduate, expected profits on equity 
contractss are equal to expected profits on debt contracts: 

t(pt(pooRRss
00 + (1 - PoW) = Po(l + r)B + (1 - p0)R

f. (5.13) 

wheree the left hand side gives expected profits from equity and the right hand 
sidee gives expected profits from debt contracts. Since expected profits on 
equityy financed investments in human capital for the indifferent (marginal) 
graduatee are equal than to expected profits on debt financed investments, 
alll  debt financed investments in human capital are worse than the equity 
financedd investments since the first type of contracts only attract the worst 
riskss and make losses. Consequently, all investments are equity financed. 

D D 

Withh risk averse graduates and dp0/dr > 0 one could expect that ex-
actlyy the other contract, namely the debt contract is optimal. By similar 
argumentss as above, one can argue that the equilibrium type of contract is 
aa debt contract due to the positive selection effects of offering debt, whereas 
equityy contracts only attract the worst risks. This is not the case however. 
Thee reason is that there is no graduate indifferent between debt and equity 
financingg and all graduates prefer equity. 

Inn order to determine whether graduates would prefer debt or equity 
too finance their investments in human capital, we plotted expected utility 
off  education financed with both equity and debt in 5.4. We substituted 
thee government budget constraint for the tax rate and set the interest rate 
chargedd to graduates equal to the safe rate p. (If no default risks existed, 
graduatess would obtain funds at rate p.) 

Wee see that equity financing of education always yields larger expected 
utilit yy than debt financing of education. This can be established by not-
ingg that default risks increase the interest rate above the risk free rate, i.e., 
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rr  > p, and then expected utilit y for debt financing lies always below expected 
utilit yy with equity financing. The intuition is that debt financing features 
'insurancee premiums' that are not actuarially fair, since debt financing en-
tailss redistribution from low risk to high risk graduates. Equity financing of 
educationn does not feature this property since every graduate has the same 
expectedd returns and no distortionary redistribution occurs. 

Moreover,, the variance of incomes with debt financed contracts (<re) in-
creasess faster compared to the variance of equity financed projects (<re) when 
thee probability of success falls: 

d(<yfM)d(<yfM)==  {(l  + r)B-Rf) dRj 

ddPiPi ((1 - t)(R! - Rf))* dPi
 < U ' l ° j 

w h e r e f f ? = ( p , ( l - p O )1 / 2W - ( ll  + r)B],r7f = ( f t ( l - p O ) 1 / 2 [ ( l - i ) W - ^ ) ] , 
andd dRs/dpt < 0 follows from (5.1). At lower p{ the variance of debt contracts 
iss therefore higher than for equity contracts. Consequently, in the normal 
casee when absolute risk aversion does not increase with income, required 
riskk premia on investments are lower with equity financing compared to debt 
financingfinancing because mean incomes are lower and the variance of incomes are 
higher. . 

Sincee EUequity > EUdebt V?', it is triviall y established that it is optimal to 
financefinance all investments in human capital with equity when graduates are risk 
averse. . 

Propos i t ionn 6 (Optimal education finance) Al l investments in human cap-
itall  are financed with an equity stake of the government. 

Prooff  - For the case that dpt/dr > 0 Vz, the proof is simple. Equity 
financedfinanced investments have lower variances compared to debt financed invest-
mentss which have higher variance, but the latter feature limited liability . 
However,, since the negative risk-aversion effect always dominates the posi-
tivee limited liabilit y effect on investments if dpxfdr > 0 Vz, and thereby on 
expectedd utility , equity financed projects are therefore preferred over debt 
financedfinanced projects. 

Inn case dpi/dr switches in sign, the positive limited liabilit y effect domi-
natess the risk negative risk aversion effect for high p{ and vice versa for low pt. 
Lett p* denote the probability of success of the graduate for whom dpi/dr = 0. 
Wee know from proposition 5 that expected utilit y for low risk graduates with 
pptt > p* (and dpi/dr < 0) is higher if they choose equity contracts that do 
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Figuree 5.4: Investment decision debt or equity financing (R* 
WW = .6, ,o = 0). 

.5,, R 

-- EU(Pi) - debt r > rho =0 

EU(Pi)) - eqiity t = (1+rho)E/W 

-EU(Pi)) - equity t = 1 

•EU(Pi)) - debt r = rho = 0 

probabilityy of succes 

nott redistribute incomes to high risk graduates rather than debt financed 
contracts.. With dpi/dr < 0 Vi equity contracts are preferred. The corollary 
too risk averse agents is straightforward and all agents with pt > p* prefer 
equity. . 

Fromm the first part in this proposition we know that expected utility 
forr high risk graduates with pt < p* (and dp^/dr > 0) is higher if they 
choosee equity contracts because the limited liability effect is dominated by 
thee insurance effect, since with dpt/dr > 0 \/i equity contracts are preferred. 
Consequently,, all graduates, both with pt < p* and pt > p*, prefer equity 
financingfinancing over debt financing. 

D D 

5.3.22 Efficiency of equity financing 

Evenn with equity financing, there remains under-investment in human capital 
sincee graduates are risk averse. Although both debt and equity contracts also 
providee income insurance, not all income risks are taken away. Therefore, 
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thee marginal graduate requires a risk premium on the investments in human 
capitall  as a compensation for risk. 

Propos i t ionn 7 ( Underinvestment with equity financing) Social efficiency in 
investmentt in human capital is not achieved even with equity financing 
becausee graduates are risk averse and under-invest in human capital. 

Prooff  - The graduate has expected utilit y from equity financed invest-
mentss in human capital at least equal to utilit y from non-human invest-
ments:: EU(7Ti) =  PiU((l - t)R?) + (1 - Pi)U((l - t)Rf) > U{{\  + p)W). 
Wee can derive that U{Pl{\ - t)R* + (1 - p-){\ - t)Rf) > ptU{{l  - t)R() + 
(11 —pi)U((l —t)Rf) > U((l + p)W): from Jensen's inequality. Consequently, 
Pi(lPi(l  — t)Rf + (l—pi)(l—t)Rf > (l-\-p)W. Combine this with the government 
budgett constraint, so that, R > (1 + p)K, which is exactly the condition for 
sociall  sub-optimality of investments in human capital, i.e. the social returns 
onn investments in human capital are larger than social costs. 

D D 

Thiss is in contrast with De Meza and Webb's (1987) finding that with risk 
neutrall  firms, equity financing of investments differing only in the spreads of 
returns,, equity financing yields the socially optimal level of investment. 

5.3.33 Optimal insurance 

Givenn that there is under-investment in human capital due to risk aversion, 
somee form of income insurance is optimal. Eaton and Rosen (1980), Varian 
(1980),, and Sinn (1995), amongst other have shown, that a redistributive 
incomee tax is optimal if insurance markets are absent, even if this income 
taxx distorts incentives to invest in human capital (or to supply labor). 

Inn the current set-up the government may provide graduates with some 
incomee insurance, by increasing the graduate tax and rebating the revenues 
throughh a higher level of equity (E) provided. This enhances the social 
efficiencyy of investments in human capital. Not only the capital market 
imperfectt is solved by sufficient levels of E, but income risks are insured as 
well. . 

Propos i t ionn 8 {Optimal income insurance) Optimal government interven-
tionn requires that all income uncertainty is eliminated and the govern-
mentt takes a 100% equity stake on the returns to human capital, i.e. 
tt = ltmdE = R. 
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Prooff  - The government's budget constraint can be written down as: 

tPR=(ltPR=(l + p)PE, (5.15) 

wheree where P is the average probability (= 1) of graduates applying for 
equityy finance. The proportional income tax redistributes income from suc-
cessfull  states of nature to unsuccessful states. If t — 1 and E — R, there 
iss full insurance and no income uncertainty. It is easily verified that in this 
casee social efficiency results, i.e. ptRf + (1 — Pi)R  ̂ — (1 + p)K, Vi. If t < 1 
(andd E < R) it is easily shown that p%Rl + (1 — Pi)Rf < (1 + p)K, Vz, so 
thatt only t — 1 yields social optimality. 

D D 

Ann equity participation model combined with income insurance solves the 
under-investmentt problem associated with imperfect capital and insurance 
markets.. Therefore, the authors mentioned in the introduction were generally 
correctt in their pleads for an income contingent loan system or a graduate 
tax. . 

5.3.44 Moral hazard 

Inn the current setup, we do not allow for moral hazard effects or other (tax) 
distortions,, so that full insurance can be achieved. Generally, the presence 
off  moral hazard reduces the optimal insurance cover. There is a trade-off 
betweenn incentives and risk-sharing, see also Eaton and Rosen (1980), Varian 
(1980),, and Sinn (1995). 

Therefore,, apart from the decision whether to invest or not in education, 
graduatess may optimally choose their success probabilities through costly 
efforts.. However, nothing critical changes in the analysis carried out above 
iff  graduates choose their success probabilities. The reason is that expected 
returnss to investments are constant. If students chose Pi to be lower, their 
incomee in the successful state goes up leaving expected income unaffected. 
Morall  hazard is not a problem exactly because no distortionary redistribution 
occurs:: graduates cannot shift costs in terms of lower expected incomes, due 
too having a low probability of success, to others. This is the analogue to the 
resultt that there is no adverse selection with equity financing. 

Inn reality, however, expected returns to education do differ between grad-
uates.. Then, there is generally a trade-off between income insurance and 
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incentivess (to supply labor, effort, or invest in human capital), as the afore-
mentionedd studies have shown. When the current model is extended with 
non-constantt expected returns this trade-off certainly appears. Furthermore, 
itt is conceivable that combinations of debt and equity financing are optimal 
withh asymmetric information on both the means and spread of returns to 
investmentss in human capital. However, allowing for two-dimensional asym-
metricc information on means, spreads and the introduction of moral hazard 
wouldd make the analysis very complex and hardly tractable. For example. 
Hellmann and Stiglitz (2000) are only able to give some very stylized exam-
pless in a model with asymmetric information on both means and spreads of 
returns. . 

5.44 Sub-optimal education policy 

Educationn subsidies are widely used, rather than using an income contingent 
equityy participation scheme. These education subsidies are often defended by 
appealss to failing capital and insurance markets. In this section we analyze 
howw optimal subsidies are set in the absence of equity and insurance. In case 
thee government does not finance education with equity, but rather employs 
ann interest subsidy, what is the efficient interest subsidy on loans? 

Lett sr denote the subsidy on the interest costs charged by banks, so that 
graduatess only pay (1 -f- (1 — sr)r)B. In figure 5.5 we plotted the effects of an 
interestt rate subsidy on expected utilit y for the graduate. Interest subsidies 
shiftt the expected utilit y line upwards. This upward shift is large for high 
pptt graduates and small (approaching zero) for low pt graduates. As a con-
sequencee of the education subsidy, the probability of success corresponding 
too the marginal graduate who invests in education is lowered. The reason is 
thatt interest costs associated with investment in human capital falls, so that 
investmentt in human capital becomes more profitable. 

Evidently,, education subsidies should be increased to infinity in order to 
inducee the graduate with the lowest probability of success to invest in human 
capital.. The reason is that expected utilit y goes to zero whatever the level 
off  income in the successful state is.17 Therefore, social efficiency where all 

17Thiss can be established by taking the limit of expected utilit y under debt financing as 

PlPl -*  0: limPi_o ^ g ^ j " ^ w h e re a = R-Rf,0 = (l + r)B-Rf, and gfa) EE l/pt. Since 

thee limi t is indeterminate, i.e. ^ , we apply L' Hópital's rule to find: l imp,-,^ qh>')  = 
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Figuree 5.5: Investment decision with debt financing and education subsidies 
(R(Rff = .5, R = 3, W = .6, p = O; r = .5). 
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graduatess invest in education can only be attained if education subsidies are 
infinity. . 

AA similar story holds for subsidies on the direct costs of education. If the 
governmentt subsidizes the cost of education K at rate Sk, so that graduates 
onlyy face (1 — s/.)K as costs, then expected utility for all graduates also 
increasess and the probability of success of the marginal graduate falls, see 
alsoo figure 5.5. Clearly, education subsidies are a very indirect means of 
restoringg efficiency in investments in human capital. The reason is that 
educationn subsidies are not very effective in reducing income risks. 

Further,, all graduates who would invest in education even in the absence 
off  subsidies now receive education subsidies. Generally, this comes along with 
deadd weight losses because education subsidies need to be financed by means 
off  distortionary taxation. Due to the distortionary costs of revenue raising, 
thee use of education subsidies is restricted. The presence of deadweight-
losss in revenue raising implies that the government faces a trade-off between 
restoringg efficiency in learning by providing education subsidies creating ef-
ficiencyficiency losses when financing these subsidies. Consequently, with less than 

limPi_,000 —aU'(a/pi — /?) = 0, since U'(oo) = 0. 
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infinit ee education subsidies, it is impossible to achieve the socially desirable 
levell  of investment in human capital if graduates are risk averse, only income 
insurancee can do so. Since first-best can never be achieved, under-invest ment 
inn human capital due to capital market imperfections and absent insurance 
remains. . 

Propos i t ionn 9 (Inefficient education policy) Social efficiency in investments 
inn human capital cannot be achieved by means of education subsidies 
sincee this requires infinite subsidies which can never be financed if costs 
off  revenue raising are positive. 

Thee last proposition contrasts with Mankiw (1986) and De Meza and 
Webbb (1987). These authors argued that social efficiency in investment can 
bee restored in imperfect capital markets with debt contracts by letting the 
governmentt employ less than infinite (interest) subsidies on education loans. 
Wee have shown that due to risk aversion, the government cannot solve the 
capitall  market failure arising from asymmetric information by means of in-
terestt subsidies, because only infinitely large subsidies would restore social 
efficiencyy in investments in human capital. 

5.55 Conclusion 

Systemss of equity participation to finance education are directed to solve 
problemss with imperfectly functioning debt markets and the absence of in-
comee insurance that yield under-investment in human capital. We have 
shownn that equity financing of human capital coupled to income insurance is 
optimall  and restores social efficiency in investments in human capital. Edu-
cationn subsidies, on the contrary, cannot solve the under-investment problem 
perfectly. . 

Thiss Chapter has concentrated solely on the efficiency properties of the 
variouss financing regimes. The analysis of distributional concerns may add 
additionall  support for an equity participation model, because generally the 
subsidiess are financed by the average tax-payer. We have shown that subsi-
diess are inefficient, but then one can show that subsidies are also inequitable, 
seee also Garcia-Penalosa and Walde (2000). 

Further,, one may like to introduce non-constant expected returns in the 
accumulationn of human capital. De Meza and Webb (1990) have analyzed the 
optimall  mix of debt, equity and income insurance in case that investments 

162 2 



ChapterChapter 5 Optimal Financing of Education 

differr in their means, not the spreads. They show that in equilibrium differ-
entt investors may choose different combinations of debt, equity and income 
insurance.. However, there is no under-investment in this model because there 
iss no asymmetric information on the spreads of the investment. Allowing for 
twoo dimensional asymmetric information is likely to yield a complex mixture 
off  the results obtained in this paper and in De Meza and Webb (1990). 

Moreover,, when mean returns of education differ across graduates and 
theree is moral hazard it is likely that some combination of equity and debt 
iss needed to provide proper incentives. Recall that debt is generally riskier 
thann equity and may therefore reduce moral hazard problems. Perfect income 
insurancee probably generates too much adverse incentives so that a trade off 
emergess between providing incentives and insurance, see also Sinn (1995). 
Under-investmentt due to risk aversion may not be perfectly solved then. 
Further,, it is generally not clear whether there is under-investment in human 
capitall  when both means and spreads differ and there is moral hazard. 

Finally,Finally, one may wonder why education subsidies are so common if eq-
uityy participation systems are apparently optimal. Some political economy 
aspectss may add further insights to the current analysis. As Fernandez and 
Rogersonn (1996) have shown, inequity may result as an outcome of a political 
processs where heterogeneous agents vote over education expenditures. 
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