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Introduction



Public policy as it relates to the subsidizing of higher education has been a focal point of empirical and theoretical economists for some time. In developing economies, young individuals lack adequate resources to access to higher education. Without government intervention only individuals with access to su¢ cient resources would be able to pursue higher education. In developed economies the access to education is even more challenging. These observations have driven macroeconomists to understand the role education subsidies play in reducing economic inequality and promote social mobility. While the relationship between inequality and education subsidies is important, this project integrates outcomes in an environment where consumer decisions determine the e¤ectiveness of various policies. For instance, o¤ering full scholarships may enable more students to attend college, but those students may not be highly able and hence may be unlikely to …nish. It might thus be ine¢ cient to fund students with a low probability of …nishing rather than perhaps allocating greater funding to more promising students. Performance based subsidies can be more e¢ cient than general based polices. By formulating college as a complex, multi-period investment we are able to delve deeper into understanding the trade-o¤s of many types of policy proposals, not just one. Understanding how di¤erent policies a¤ect the enrollment and completion decisions of students is essential for drawing conclusions of how and why education subsidies a¤ect economic equity. The project proposes three complementary approaches to measure the e¤ectiveness of education policies. The …rst one uses a very stylized framework that explores the key determinants of college enrollment decisions. This approach allows to calculate some baseline break-even points that determine to number of years needed to recover the cost of college investment. Alternative policies or changes in the key determinants have impact on the underlying break-even points. This framework can be used to illustrate that the breakeven points in Latin American countries (LAC) are substantially lower than in developed economies such as the United States. One of the main challenges of this approach is that it does not take into account the impact of education outcomes on the education premium. That is a reduction on the returns to education as the enrollment/graduation rate increases. The second approach overcomes this limitation by using an aggregate production function that relates education outcomes and returns to education. This approach is based on the estimation of Card and Lemieux (2001) that provide an empirical methodology that allow capturing the dynamics of the education premium for di¤erent compositions of the labor force. One of the advantages of the methodology is the simplicity to calculate the response of the skill premium to signi…cant expansions of education programs in LACC (=Latin America and the Caribbean). The model predicts that sizeable increases in the graduation rate 2



reduce the skill premium, but the size of the reduction is very small. There are two opposing forces at play: the future cohort of college graduates is larger than the existing one and this is why their compensation declines. There is a bene…t for those that do not attend college, due to a relative shortage of high school workers that increase their compensation. The combination of both e¤ects reduces the magnitude of the returns to education. Equilibrium models are arguably the best suited for studying national policy initiatives that have aggregate e¤ects, although the empirical econometric approach is by far the most popular. This is because aggregate e¤ects in-turn impacts the response to the policy itself (e.g. national student loan program). Heckman, Lochner, and Taber (1998) point out that most empirical studies neglect the general equilibrium e¤ects on wages and taxes. Thus, it is misleading to extrapolate the results from a local policy change to the national level. Using a general equilibrium overlapping generations model, Heckman, Lochner, and Taber (1998) …nd that neglecting the general equilibrium e¤ects on wages and taxes overestimates the enrollment response to a tuition subsidy by more than ten times. Their model allows for the decomposition of welfare e¤ects for students a¤ected by the policy. Those induced into college after the tuition subsidy or those that stay in college after the change are better o¤, but those that would not go to college with or without the subsidy or those that do not enroll because of the policy are worse o¤. This is because taxes must be raised to …nance the subsidy and this reduces after-tax wages. The quantitative theory of college behavior and …nancial aid features endogenous enrollment, time-to-degree, and dropout decisions made by individuals that di¤er in their innate ability and initial wealth. College is modeled as a multi-period risky investment that requires a commitment of both physical resources and time in order to complete. E¤ectively students learn their college ability after enrolling in college and the realization of this uncertainty induces some students to dropout. This risk is calibrated according to micro-level education data. The same data is used to account for the empirical correlation between innate ability and available …nancial resources. Students learn their college ability after enrolling in college but before dropping out. This implies that there is an option value embedded in college. A key feature of this framework is that models the three major college decisions (enrollment, time to graduation and dropout) as the result of optimal decision making on the part of rational individuals. Allowing for such intricate college behavior is necessary for studying policy proposals designed to speci…cally alter these three behavioral margins. The labor supply of both full-time workers and college students in the model is endogenous. While allowing for college students to work during their college years greatly increases the computational complexity of our model, it is essential for understanding the in‡uence of borrowing constraints. If borrowing constraints begin to bind labor income becomes a viable
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…nancing alternative, but only at the cost of a reduction in the amount of time remaining for studying. In addition, college students may choose to work only a few hours in order to reduce the burden associated with large student loan payments in the event of dropping out. In the absence of this mechanism low-income students would be forced to rely solely on grants and loans to …nance the cost of education. This has the potential to overestimate the sensitivity to proposed subsidy policies. A key driver of the results is the correlation between ability and wealth. According to Cameron and Heckman (1998) the failure to account for ability heterogeneity leads to the biased conclusion that policy interventions are e¤ective at increasing the skill level even at the later stages of the education process. The correlation between innate ability and an agent’s initial …nancial asset is absent in Gallipoli, Meghir, and Violante (2006). Another important dimension is the endogenous response to the dropout rate to education policies. This dimension is also absent in the literature (Caucutt and Kumar (2003) or Akyol and Athreya (2005)). To our knowledge, no other study so far has accounted for the time-todegree dimension of the college investment process. The model is closed embedding the college investment decision in an overlapping generations production economy. Closing the model is important because it relates the returns to skill to college outcomes. For example, the expansion of college access increases the supply of college graduates in the labor market and lowers the returns to a college degree. Closing the model allows the integration of these general equilibrium e¤ects, but also the distortionary income taxes used to …nance education. There are additional lessons that one can learn from the di¤erent frameworks used in this paper. Using a model of college decisions illustrates that for some high school graduates the opportunity cost of enrolling in college can be too high, even with free tuition. For students that are unable to borrow to pay for the cost of college, free tuition …nanced with future taxes provides becomes a viable alternative to funds college. For individuals with access to private funds (i.e., family or lenders) this policy does not a¤ect the individual enrollment decision. The model shows that working during the college years reduces the opportunity cost, but postpones the education payo¤ by increasing the number of years needed to breakeven. One of the downsides of working while in college is that increases the risk of dropping out. Empirically, despite having similar returns to skills, the implications in terms of breakeven points are di¤erent for Colombia and Brazil. This is the result of higher duration of programs in Colombia a di¤erent magnitude of tuition costs. At the core of the macro model, the presence of an aggregate production function can be used to study the long-run e¤ects on skills, returns and inequality of any given policy that raises the number of college graduates. Further, these predictions can be made without solving for the full model, and require only a few pieces of readily available information.
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The critical assumption of the model is that in a competitive equilibrium, workers are paid the value of their marginal productivity. This approach can be used to project the long-run e¤ects of the status quo. In the absence of interventions that expand education programs, the returns to education will remain relatively high in the case of Colombia and Brazil Policy interventions that expand the fraction of graduates in the labor force will tend to reduce the return to skill, but the adjustment will be very slow taking a number of years. Education policy can be an e¤ective way to reduce the skill premium, the current returns to very high compared to most developed economies. However, to be successful the education programs next to signi…cantly increase the number of college graduates relative to high school. In all these di¤erent interventions, most of the adjustment come from the relative weights and an increase in the wages for young high school graduates. The adjustment of the wages of college graduates is relatively small compared to the adjustment of quantity. In other words, the decline in the skill premium is due to composition. The …nal framework uses a general equilibrium model to explore the e¤ects of funding mechanisms. These e¤ects include the impact on dropout rates, student work while in college, the skill composition of the population and college premium, income inequality, and …scal costs and revenues. While often unintended, these e¤ects can undermine the e¤ectiveness of the funding mechanism and must then be taken into account by the policymaker. The baseline model can be calibrated account for the main statistics for Colombia and Brazil. In particular, the model captures the observed enrollment rate, time to degree while matching the observed aggregate wage premiums consistent with the labor and macro literature. One of the challenges that the model faces is capturing the high observed dropout rates. The current speci…cation captures between 50 to 65 percent of the observed rates One of the important issues in the policy debate in LACC is the expansion of student loan programs vs. o¤ering free tuition. According to the model changing conditions in the credit market has e¤ects on the enrollment decision and graduation rates. The presence of credit constraint students appears to be driven by the lack of personal funding of some high ability students. This results contrasts with the case of the United States where the estimates suggest that expanding credit programs has small e¤ects on education outcomes. The model also suggests that free tuition increases enrollment, but also dropout rates. The key distinction with the expansion of credit is that with free tuition college drop-outs only get to pay a fraction of the cost of education whereas in the case of non-defaultable students loans the student is always responsible to repay.
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Higher Education in Colombia and Brazil



This section provides some background of the higher education systems in Colombia and Brazil. The focus is on 4–5 year programs, which account for more than 80 percent of the enrollment in each country, using data for circa 2012. Table 1 presents relevant information for these two countries. Table 1. Education and Labor Market Statistics Education Net Enroll Rate (%) Dropout (%)



Colombia



Brazil



38.5 39.0



38 56.5



26.0 10.7 37/33



44.0 8.4 9.5 54/33



2.7 1.29 1.32 1.33



2.77 1.44 1.61 1.47



Financing Education Avg. Tuition Cost/HS earnings % Student loans % Student grants % Students work/#Hours Labor Market Returns Skill Premium Coll.Age Premium HS.Age Premium Incomplete College Premium



The observed enrollment rate conditional on graduating from high school is very similar across both countries, and it is about 40 percent. While the enrollment rate is lower than in more developed economies, the drop out rate is substantially higher. The table shows that the fraction of individuals that dropout from the system is near 40 percent in Colombia and over 56 percent in Brazil. The …nancing and the cost of higher education are also di¤erent in these two countries. There is almost no private credit for HE in Colombia. The main loan program for HE is the government-sponsored ICETEX. Eligibility to ICETEX is determined by family income and student academic performance. As of 2012, only 11 percent of the …rst-year students were using these loans. Thus, while access to public HEIs is facilitated by heavy public subsidies, access to private HEIs largely depends on students’ own …nancial resources. In Colombia, average annual tuition cost relative to high school earning are about 26 percent.
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This calculation takes into account that half of the student population attend to a public college and the other half a private one. In Brazil, only 27 percent of students are enrolled in public HEIs, which are free and highly selective, as explained earlier in this chapter. For the remaining 73 percent of students, who are enrolled in the private sector, there is a government-run loan program, FIES. This program was expanded in 2009 and has been subject to recent modi…cations as well. Given the income eligibility rules for the program, most high school graduates quali…ed for FIES in 2012. The program features subsidized interest rates and generous repayment terms. In 2012, 22 percent of incoming HEI students (and 11.5 percent of all private HEI students) were using FIES. In addition, Brazil has a tuition discount program, ProUni, targeted to low-income students. In 2012, ProUni covered about ten percent of all private HEI students. In total, FIES and ProUni covered approximately 21 percent of all private HEI students in 2012. The reduced number of seats in public institutions increases the cost of college to 44 percent relative to high school earnings., indicating that the expansion of funding options for education might be even more necessary in Brazil. In both countries the sources of …nancing HE could be a limiting factor, this could partially rationalize the patterns of supplying labor for full-time students. In Colombia 37 percent of full-time students work, and the average number of hours work is 33 per week. In Brazil the fraction of students that work is even higher, 54 percent, but they work on average the same number of hours. Returns to HE in Brazil and Colombia are very high by international standards. The skill premium (de…ned here as the ratio of the average wage for college graduates and the average wage for high school graduates) is 2.77 in Brazil and 2.7 in Colombia, but only 1.67 in the US. An important reason behind the high skill premium in Brazil and Colombia is their low fraction of skilled (i.e., college-educated) working age population, equal to 11 and 13 percent respectively in contrast with 42 percent in the US. In the model presented below we focus on the working age population with at least a high school diploma. Relative to this population, Brazil and Colombia still have a low fraction of skilled workers (equal to 26 and 27 percent respectively) in comparison with the US, which has 47 percent of skilled workers.



3 3.1



The Determinants of College Decisions Basic Framework



Scholars often argue that education is important and provides a important non-pecuniary returns. This section explores the key determinants of going to college from a …nancial perspective using a very simple and stylized framework. In this model the bene…t associated 7



to college are captured by the skill premium and the cost is captured by tuition expenditures and foregone income during college. One of the challenges is that the payback period for college can be quite large and it might not make sense, from a …nancial perspective, for some students. In the context of this decision, the goal of education policy is to reduce the cost and increase college enrollment. These issues are discussed after presenting the baseline model. Consider a high school graduate that is considering enrolling in a 5-year college or start working with the high school degree. For this second alternative, the individual will be working in the labor force for a number of years, denoted by I (i.e., 65 years), and will be earning a yearly wage wihs : Since these payments take place over time, it is convenient to discount future cash-‡ows with an interest rate r that takes into account the opportunity cost of resources. The life-time payo¤ associated to this decision is represented by v hs v



hs



=



I X i=1



wihs (1 + r)i



1



> 0:



The alternative to work right after high school is to enroll in college. During the college years, the annual cost of education (i.e., tuition and room-board) are denoted by Ti : After graduation, the annual compensation as college graduate is represented by wic ; and the work life lasts I 6 periods after graduation. The value associated to the enrollment decision, v c ; is captured by 5 I X X Ti wic c v = + > 0: (1) (1 + r)i 1 i=6 (1 + r)i 1 i=1



To have a meaningful and well characterized problem, it is important to assume that the net present value associated to enroll in college is positive. Otherwise, the decision is trivial and no high school graduate will ever enroll in college. This formulation implicitly assumes that the cost of tuition can be paid by borrowing against the future labor income earned as college graduate.1 The individual enrollment decision, e 2 fc; hsg; compares these two alternatives and picks the one with the highest payo¤ measured in terms of life-time income. Formally, max fv c ; v hs g:



e2fc;hsg



A high school graduate …nds optimal to enroll in college when the value associated to enroll 1



The presence of borrowing constraints might make this expression negative. This issue will be discussed in the next section.
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in college exceeds the alternative. v = vc



v hs



0:



Replacing the above de…nitions allows to explore the di¤erent barriers to college enrollment v=



5 I X X Ti + wihs wic wihs + (1 + r)i 1 i=6 (1 + r)i 1 i=1



0:



This expression highlights that the cost of education is not only tuition, the forgone earnings during the college years could be equally important. After graduation, the compensation di¤erential is given by the skill premium, w = wc whs : In this context, maximizing lifetime income allows an individual that measures consumption ‡ows over time according to a time-separable preferences to maximize utility. Formally, max e;fct g



st:



I X i=1



I X



ci (1 + r)i



t



u(ct )



i=1



1



= ve;



e 2 fc; hsg:



This problem separates the optimal decision of enroll, e; from the consumption decision, fct g. The individual maximizes lifetime income, v e ; and then the choice of consumption is made. The optimality condition with respect to consumption is given by u0 (ct ) = u0 (ct+1 )(1 + r);



8t:



This is the standard condition that trade-o¤s current consumption for future consumption, and depends on the degree of patience > 0 and the interest rate. To keep things simple, assume that (1 + r) = 1: In this case, u0 (ct ) = u0 (ct+1 ) ) ct = ct+1 = c ;



8t:



This expression can be used to solve for the optimal level of consumption: c = ve: P where = 1= Ii=1 (1 + r) (i 1) : This is a version of the permanent income hypothesis. The individual consumption does not depend on contemporaneous income, but lifetime income. 9



The optimal level of consumption depends on the education decision and the rate of interest, r: Increasing the interest rate places discount future payo¤ at a higher rate and reduce the bene…t from college enrollment. Also, increasing the tuition cost make the return to education fall.



3.2



Break-Even Points in Colombia and Brazil



There are di¤erent ways to measure the returns to education. A traditional measure is the skill premium, w; de…ned as the di¤erential compensation between a college graduate relative to a high school graduate. This measure is independent of the cost of education, so an alternative measure that takes that into account is the rate of return di¤erential over the life of the investment, I: 0P 1 I1 wic wihs I i=6 (1+r)i 1 A ; R = @P hs Ti +wi 5 i=1 (1+r)i



1



where the top part covers the payo¤ di¤erential but the bottom part takes into account the total cost of acquiring the college degree. In this section, we use an alternative measure that calculates the number of years that it takes to recoup the resources invested during the college years. If the number of years is relatively low, that means that the cost of college is relatively low or the return, in terms of wage di¤erentials, is very large. Essentially, calculating the break-even point determines the number of years for college to payo¤. Formally, it requires to calculate I I that satis…es v(I ) = 0; I 5 X X wi Ti + wihs + = 0: v(I ) = i 1 (1 + r) (1 + r)i 1 i=6 i=1



This expression depends on the tuition, the skill premium, but also the discount rate, r; that measures the opportunity costs of alternative investments. An alternative speci…cation measures the cost of education relative to the earnings of a high school graduate, Ti =wihs : v(I ) = wihs



5 X i=1



1 (1 + r)i



X Ti 1 + 1 + hs (1 + r)i wi i=6 I



1



1



wic wihs



1



= 0:



The normalization by the high school income, v(I )=wihs ; shows that the break-even point depends on relative costs and returns, and it highlights that the opportunity cost (measured in terms of forgone earnings) is always part of the calculation, even when tuition is free, Ti = 0: How large are the break-even points in Colombia and Brazil? How do those compare
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to the United States? To answer this questions, it is necessary to use information about tuition costs and wage compensation for college and high school graduates. For Brazil and Colombia this information is available from the Socio-Economic Database for Latin America and the Caribbean (SEDLAC) for the year 2012. The compensation for college graduates and high school graduates measured in terms of average hourly wage are summarized in Table 2. Table 2: Hourly Compensation by Education



Education



Colombia COP USD



College 10,395 High School 3,825 Education premium 2.72



5.7 2.1



Brazil BRL USD 27.6 10.0 2.77



14.1 5.1



Source: SEDLAC 2012 and authors’calculations



For comparability the hourly compensation has been converted to dollars (USD). The exchange rate between both countries was 1,848 Colombian peso (COP) and 1.96 Brazilian Reals (BRL) per USD, respectively. As can be seen in Table 2, the education premium in both countries is relatively similar, in Brazil is about 2 percent higher than Colombia, but both countries have returns to education about 60-70 percent larger than the U.S. The calculation of the break-even points require using annual instead of hourly earnings. For both countries the assumption is that individuals have a work week of 40 hours over 48 weeks. While there might be di¤erences across these two countries, the calculations attribute all the di¤erences on break-even points to tuition costs and compensation di¤erentials. In terms of education, it is necessary to determine the statutory duration of college and the tuition costs. In the case of Colombia the statutory duration of college is 5 years, although the average students graduates in about 6 years. In the case of Brazil, the statutory duration is about 4 years but the average time to degree is around 5 years. In both countries the students face di¤erent alternatives in terms of enrollment: private and public universities. In Colombia, private universities are about 5 times more expensive than public universities, and around 50 percent of the students enroll in a private institution.2 In the case of Brazil, public education is completely free but the number of slots is very limited, as a result about 20-27 percent of the students enroll in public universities. The remainder students must 2



There empirical evidence is not very conclusive about additional pecuniary bene…ts of private education, but surely, these institutions can provide other non-directly pecuniary bene…ts (i.e., reduced classroom sizes, a more tailored programs, networking, etc...).
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enroll in private universities and these are expensive. The tuition costs for both countries are summarized in Table 3. Table 3: Annual Tuition Costs Tuition Type Public Private Average



Colombia COP T =whs USD 910,376 5,381,984 3,248,283



0.12 0.73 0.44



493 2,912 1,758



Brazil BRL T =whs USD 0 7,236 5,283



0 0.38 0.26



0 3,691 2,695



Source: SEDLAC 2012 and authors’calculations



The table reports the annual tuition costs for private and public institutions, but also calculates an average cost between public and private, where the relative weight is given by the enrollment rate in each type of institution. While the returns to education are very similar between Colombia and Brazil, the cost of tuition relative to high school annual earnings are very di¤erent. As reported in Table 3, in Colombia the cost of private tuition represents 73 percent of the annual earnings of a high school graduate whereas in Brazil is about 38 percent. This shows that the education in Colombia is relatively more expensive than Brazil, moreover, the statutory length of college degree is one year longer. Given that the returns to education, in terms of skill premiums are very similar between Colombia and Brazil, the di¤erences in the relative cost of college, T =whs , are partially responsible for the di¤erent results summarized in Table 4. Table 4: Break-Even Points in Colombia and Brazil (5 years tuition) Colombia r=2% r=6% Tuition type Y/M Age Y/M Age



r=2% Y/M Age



r=6% Y/M Age



Public Private Average



11/6 12/9 12/5



13/5 15/7 15/0



12/1 14/3 13/3



30/1 32/3 31/3



14/5 18/5 16/5



32/5 36/5 34/5



Brazil



29/6 30/9 30/5



31/5 33/7 33/0



Source: Authors’calculations



The implied break-even points are calculated for di¤erent values of the discount rate (2% and 6%) and under the assumption that tuition is paid for 5 years in both countries. For low values of the discount rate the number of years needed to break-even is reduced. In the case
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of Colombia, when the discount rate is 6 percent, it takes an student enrolling in a public institution 14 years and 5 months (or by the age of 32) to recoup the college investment. If the investment is discounted at a lower interest rate of 2 percent, the number of years needed is reduced by 2 years (12 years instead of 14). In the case of Brazil, the relatively lower tuition costs as percentage of high school earnings makes the break-even points to be lower than Colombia. However, even for those students that have access to public education with free tuition, the break-even points are large (ranging between 11 and a half years to 13 and a half years). Private schools is Brazil are relatively inexpensive compared to Colombia, this is why the break-even points are not substantially higher than in the case of public (free) universities. Clearly, these calculations are sensitive to the duration of college years. For shorter durations the break-even points are reduced, but the interesting cases are the ones that increase the length of the time to get the degree. Consider the case of paying tuition for 6 years instead of 5. The break-even points for this case are summarized in Table 5. Table 5: Break-Even Points in Colombia and Brazil (6 years tuition) Colombia r=2% r=6% Tuition type Y/M Age Y/M Age



r=2% Y/M Age



r=6% Y/M Age



Public Private Average



13/11 31/11 15/6 33/6 15/1 33/1



17/2 20/4 19/5



14/8 17/5 16/1



32/8 18/8 36/8 35/5 24/11 42/11 34/1 21/8 39/8



Brazil



35/2 38/4 37/5



Source: Authors’calculations



How do the previous numbers compare to a developed country such as the United States? In the United States the cost of education is substantial ranging between $20,000-$40,000 and the education premium is lower than in LAC, around 1.68. The cost of education in terms of the earnings of a high school graduate are 31 percent for public (assuming a cost of $20,000) and about 122 percent for a private institution (assuming a tuition cost of $40,000). As can be seen, these cost are substantially larger than for LAC economies that together with the relatively lower return to education makes the break-even points substantially higher as
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presented in Table 6. Table 6: Break-Even Points in the U.S. Tuition cost (4-years) Private: $40,000 Average: $20,000 Public: $10,000



r=2% Y/M Age



r=6% Y/M Age



28/9 23/1 20/5



44/8 30/6 25/7



46/0 41/1 38/5



62/8 48/6 43/7



Source: Authors’calculations



The high returns to education in LAC economies captures a relative scarcity of high skilled human capital. As such, education policies in LAC should be more e¤ective because the high return should incentivice students to enroll as they over come some of the main challenges to access education. The di¤erent options are explored in the next subsection.



3.3 3.3.1



Reducing College Barriers Education Subsidies and Free Tuition



What are the e¤ects of reducing college barriers in terms of a¤ecting break-even points? One issue that has been considered in some LAC is o¤er subsidized/free tuition, sTi , on the total amount of credits where s 2 [0; 1]. The student is only responsible for the remainder fraction, (1 s)Ti : In the presence of education subsidies, the break-even point is determined by I 5 X wi (1 s)Ti + wihs X v(I ) = + = 0: i 1 (1 + r) (1 + r)i 1 i=1 i=6 The expression that is normalized by the earnings a high school graduate, whs , equals to v(I ) = wihs



5 X i=1



1 (1 + r)i



(1 1



s)Ti wihs



+1 +



I X i=6



1 (1 + r)i



1



wc wihs



1



= 0:



(2)



An education policy that subsidizes, s 2 (0; 1), or completely eliminates the tuition costs, s = 1, reduces the barriers to college entry and the number of years needed for the college investment to payo¤. The subsidies makes college a more attractive choice for college students, because during the college years the tuition cost are bear by taxpayers, and according to the above expression, the returns from education upon graduation are una¤ected by the …nancing of the subsidy. Implicitly, this expression assumes that somebody 14



else in the economy pays the cost of education subsidies. This would be an extreme case of redistribution where the individual receiving the transfers are di¤erent from the ones paying for it. Then, consider the case where future taxation is taken into consideration. The break-even point expression is given by is modi…ed to include and additional term: v(I ) =



5 X (1 i=1



s)Ti + wihs X wi + i 1 (1 + r) (1 + r)i i=6 I



1



J X j=6



|



^ T AX j = 0: (1 + r)j 1 {z }



(3)



FutureTaxes



The new term includes future taxes, design to repay the education subsidy, that college graduates pay upon entering in the labor force. The notation is fairly general and allows the repayment period to last J 6 years. Notice that the amount of taxes paid at every period, ^ T AX j ; is allowed to change over time but it could be a …xed amount of taxes every year. When does the student prefer a transfer-subsidy scheme over a self-…nancing ? Let’s compare both alternatives. Self-…nancing implies that the values associated with enrolling in college and pay the full value of tuition during the college years, v c , is given by c



v =



5 X i=1



Ti (1 + r)i



1



+



I X i=6



wic (1 + r)i



1



:



(4)



The value associated of enrolling in college and receive subsidies and later pay taxes, v cs , is given by I J 5 X X ^ wic T AX j (1 s)Ti X cs + : (5) v = i 1 i 1 j 1 (1 + r) (1 + r) (1 + r) i=6 j=6 i=1 Notice that there is an implicit assumption that states that the …nancing of education, via taxes, does not a¤ect the returns from education. This assumption considers the labor supply to be inelastic or taxation being lump-sum. When this is not the case, it could be that the returns from education are diminish due to the additional taxation. Another implicit assumption is that the private return from education equals the social return, that is there are no education or human capital externalities as in Uzawa (19670 or Lucas (1988). The presence of externalities potentially justify the role of Pigouvian taxation/subsidies to internalize the impact of individual decision in the social return. This calculations only consider the individual bene…t, not the one from society, as a function of the size of the subsidies received and taxes paid. Under which conditions the transfer-tax scheme is a better option than self-…nancing, that is v cs v c ? To …nd this condition, let’s compute the di¤erential payo¤ between both
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options v



cs



c



v =



5 X i=1



sTi (1 + r)i



J X



1



j=6



^ T AX j (1 + r)j



0:



1



This expression clearly states that if the present discounted value of the college subsidies minus the taxes is positive, the transfer-tax scheme is better. This can only be the case when there is redistribution in the tax system. That is the amount of taxes paid by college graduates is lower than the subsidies received during the college years measured in present value terms. If one thinks that college subsidies are regressive because a large fraction of the population …nances the cost, but never participates in the system, then, the above condition is satis…ed. When the system is neutral, meaning each college student needs to repay in full the cost of education upon graduation, 5 X i=1



sTi (1 + r)i



1



=



J X j=6



^ T AX j ; (1 + r)j 1



Then, the student should be indi¤erent between the policy program and self-…nancing, v cs = v c : If the size of the tax repayment is constant, one can calculate the close form solution for the size of the future payment. Formally, consider a …xed tax repayment amount given by ^ T AX over a number of years J 6: ^ T AX =



5 X i=1



sTi (1 + r)i



= 1



J X j=6



1 (1 + r)j



1



:



Holding constant r; as the number of periods to repay increases, 4J, the size of the tax ^ repayment decreases, OT AX: It should be clear that in the absence of tax redistribution, the individual should be indi¤erent between the subdidy-tax scheme or self-…nancing. To make this argument more transparent, consider the extreme case of free tuition, s = 1; and to avoid issues with discounting assume that the interest rate is zero, r = 0: In this case, the di¤erential condition becomes v



ft



c



v =



5 X



Ti



i=1



J X



^ T AX j



0:



j=6



where v F T denotes the value of enrolling in college with free tuition. The fact that the interest rate has been normalized to zero makes the calculations very simple, because the opportunity cost of moving economic resources over time is zero. In the
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case of a constant tuition and tax repayment every year, the expression becomes vf t



vc = T 5



(J



^ 6) T AX



0



If the tax system does not redistribute, then, students are forced to pay the total cost of the education program. That is the size of the subsidies, T 5; must be equal to the size of ^ future taxes paid, (J 6)T AX: When does college pay by itself? In general, this expression suggests that in the absence of redistribution it never pays but it self. That is the individual should be indi¤erent between paying college tuition during the college years using their own funds, borrowing from the private capital market. In the absence of redistribution, the government programs described above are equivalent to private lending. The government pays a fraction of the college tuition, and expects to get repaid in the future via taxes. If the program is actuary fair, $1 of subsidy paid today equals $1=(1 + r)j 1 in the future taxes. To the extend that the agents have access to either personal funds, private borrowing, or the government program the e¤ects on the enrollment decision are the same, as v f t = v cs = v c : There are certain conditions under which the above statement is not true. Since human capital does not provide good collateral, in some countries private markets might not provide student loans. In this case, poor students might not have su¢ cient funds to pay for the tuition during the college years despite the fact that the investment has positive value when borrowing from private market is available. In this case the payo¤ from enrolling in college without private loans, v npl ; is negative v



npl



=



5 X i=1



Ti +



I X i=6



wi (1 + r)i



1



< 0:



because the students cannot a¤ord the up-front tuition cost without borrowing against their future income. As a results, high school graduates with no access to private funding need to rely on government programs. In the absence of government subsidies, college education is not feasible. For those individuals the presence of these programs is critical to access to college. If access to private markets is available, the presence of actuary fair programs does not increase the payo¤ for going to college. However, when private students loans are not available the value of the government program increases the payo¤ of poor students. Formally, v f t = v cs = v c > v hs > 0 > v npl : As discussed early, the assumption college subsidies are re-payed using lump-sum taxes is important. If taxation is distortionary and progressive (i.e., higher marginal tax rates with 17



higher income), the bene…t of going to college is reduced for students that are not subject to borrowing constraints. In this case, the value of going to college without education programs is higher because future taxes are not reducing lifetime income. By the same argument, small subsidies are preferred to free tuition because the cost of the programs is relatively smaller, and as such, the tax rates will not be as high. Formally, v c > v cs > v f t > v hs > 0 For students that are exposed to borrowing constraint, the programs are valuable if the magnitude of the distortions does not outweighed the gains from receiving the college degree. 3.3.2



Working During the College Years



An alternative to college subsidies is to work during the college years. It is very common for students to work part-time and hence reduce the opportunity cost during the college years. Having the ‡exibility to work to …nance the tuition cost provides alternative options for individuals that might be credit constrained. However, the evidence suggests that students that work part-time take longer to complete their degree and that delays the payback year. So working during the college years minimizes the cost, but also postpones the full return from education. The model of education decisions can incorporate this margin. Let wipt represent the total labor earnings of a college student working less than full time. The fact that working is a part-time occupation implies that wipt < wihs . Working also postpones graduation some additional years. The graduation year is represented by and is is useful to assume to be a number larger than the statutory number of years. The new break-even point is determined by I X X wpt Ti whs wic wihs i i w + ; v (I ) = (1 + r)i 1 (1 + r)i 1 i=1 i= +1 or normalized by the earning of a high school graduate implies v(I ) X 1 = hs (1 + r)i wi i=1 5



1



wipt Ti wihs



1 +



I X i=6



1 (1 + r)i



1



wc wihs



1



= 0:



The ability to work during the college years trade-o¤s reducing the opportunity costs and the time-to-degree. This margin is certainly important for education policy.
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3.3.3



Quantitative Implications for Break-Even Points



What are the implications of free tuition with partial repayment and working during the college years for the break-even points? As suggested in section 2.3.1. the presence of an actuary fair system of college subsidies-taxes should not have any e¤ect in the break-even points. To capture some e¤ect, it is useful to assume that the students only return a fraction of the subsidy. A simple way to capture that is that when the students receive a transfer of $1,000, they only need to return in the future $1,000 and not $1,000(1+r), which would be the actuary fair amount. For very low interest rates, the size of redistribution is very small and the e¤ect on the break-even point negligible. For high values of the interest, the e¤ect is much larger. To maximize the impact of the policy reducing the break-even points the education subsidy is 100 percent of the tuition, that is free tuition. Since Brazil already has free tuition for a small fraction of the student body (25 percent), the exercises use the average tuition calculated for each country and measures the di¤erence relative to this case. The experiments allow the repayment of college tuition to start immediately after graduating and the calculations consider either 10 and 20 years, respectively. The case of college students working assumes that they work an average of 20 hours a week during 12 months, and the graduation takes 7 years. Table 7 reports the break-even points for these two experiments in the case of Colombia and Brazil. Table 7: Break-even points with education policy and part-time work



Years grad.



Colombia r=2% r=6% Y/M Age Y/M Age



r=2% Y/M Age



r=6% Y/M Age



Baseline Free tuition (10y repay) Free tuition (20y repay)



6 6 6



16/1 34/1 21/8 39/8 15/7 33/7 19/9 37/9 14/10 32/10 18/11 36/11



15/1 14/9 14/4



19/5 37/5 18/5 36/5 17/11 35/11



Working during college Baseline College & working 20hrs



5 7



13/3 15/9



12/5 30/5 14/11 32/11



Education Policy



31/3 33/9



16/5 20/2



34/5 38/2



Brazil



33/1 32/9 32/4



15/0 18/6



Source: Authors’calculations



The experiments of free tuition policies assume that the students in Colombia and Brazil graduate in 6 years. For lower years of graduation, the bene…ts of the education programs are smaller. Assuming 6 years is a balanced compromised between actual graduation times
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33/0 36/6



and generating some quantitative bene…ts from the policy. As can be seen in the table free tuition education programs with partial repayment in 10 and 20 years have non trivial e¤ects on the break-even points. Depending on the duration of the repayment, the decrease in the number of years declines between 6 months up to 18 months. The e¤ects between the case of Colombia and Brazil are very similar. For comparability with the other case, the simulation where students work while in college also considers the case of average tuition. Relative to the baseline case, working during the college years increases the break-even points in a nontrivial amount. Relative to the baseline case of 5-years discussed in Table 3, a delay of 2 years pushes the break-even point more than 2 years. In the case of Colombia and Brazil is about 6 months (15/9 vs. 13/3 and 14/11 vs. 12/5) when the discount rate is 2 percent. As the discount rate increases future payo¤s have a lower weight and the advantage of working during the college years is greatly diminish as it takes an additional 18 to 22 months to break-even (20/2 vs. 16/5 and 18/6 vs. 15/0). Relative to a baseline with 6 years the results change, and the break-even point is reduced. This is due to the fact that the opportunity cost of going to cost is reduced at the expense of adding one more year. As such, if you expect to graduate in 6 years without working or 7 years working the model suggests that it pays o¤ to work. However, if you expect to graduate in 5 years working during the college years will increase the break-even points in about 2 and half years when the interest rate is 2 percent, and over 4 years when the interest rate is 6 percent. The results are very similar for the case of Brazil and Colombia.
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Education Policy and the Dynamics of Returns to Education



Change in the composition structure of the labor force have an e¤ect on income inequality via general equilibrium e¤ects. For example, the entry of a new cohort of college graduates increases the relative number of highly educated workers and it is likely to reduce the skill premium and income inequality. This section explores the dynamic e¤ects of changes in education outcomes and income inequality, measured in terms of education premium, the approach proposed by Katz and Murphy (1992) and Card and Lemieux (2001). The objective in this section is not to explain the dynamic evolution of wages across in the population, it is to understand the impact of changes in the ‡ow of college graduates relative to high graduates over time. The advantage of this approach is that one can trace the relationship between education outcomes and returns to education taking into account all the general equilibrium e¤ects. 20



The basic idea is the workers supply hours and …rms hire workers. The equilibrium in the di¤erent labor markets determines the education premium and the income inequality that results from education di¤erences in the workforce. The elasticity of substitution between di¤erent workers controls how income inequality adjusts over time.



4.1



Determinants of the Labor Demand



To construct the labor demand for the di¤erent segments of the labor force, the framework used in this section modi…es the production function used by Card and Lemieux (2001). The extension incorporates capital as a factor of production, and assumes that these countries have access to international capital ‡ows. The price of this productive input is determined in the capital markets.3 The aggregate production function is Cobb-Douglas with constant returns to scale Yt = F (Kt ; Nt ) = AKt Nt1 ; where K denotes aggregate capital and N labor, and t represents the time subscript. The e t and skill premium is determined using CES sub-aggregates of high school educated labor H et : Speci…cally, output is determined according to:and the aggregator college educated labor G for labor inputs is de…ned by 1



e t + AG G et Nt = AH H



;



where AH and AG represent the technology e¢ ciency parameters of high school and college graduates, respectively. The labor input from high school and college graduates is computed using CES sub-aggregators that satisfy et = H et = G



e' o Ho;t



e' o Go;t



+ +



e' y Hy;t



e' y Gy;t



1='



; 1='



:



where j and j are the e¢ ciency parameters for age group j high school educated workers e j;t and college educated workers G ej;t ; respectively. The technology separates the return for H young workers (24-35 years old) from experienced/old workers (36-60 years old). The parameters and ' are functions of the elasticity of substitution between high school and college workers E ; and between di¤erent aged workers within education groups A ; respectively. 3 They argue that this form of production function is consistent with two observations: First, the gap in average earnings between workers with a college degree and those with only high school diploma rose from approximately 25 percent in the mid 1970’s to 40 percent in 1998. The second one is that most of the rise can be attributed to the increase in the college wage premium of the younger cohorts.
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Speci…cally, the relationships are = 1 1= E and ' = 1 1= A : The assumption of perfect access to international markets imply that the domestic interest rate, r ; is determined outside the local economy. This is certainly a good assumption for Colombia and Brazil. 1 Nt : r = FK (Kt ; Nt ) = A Kt Domestic …rms choose the optimal level of capital and employment/hours, K=N: Kt = Nt



1



A r +



1



In this formulation, productive …rms behave as price takers and perfect competition requires workers and capital to be paid their marginal products. The implied returns functions for each factor are determined by h wo;t



h wy;t



g wo;t



g wy;t
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1
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1
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where the actual equilibrium returns depend on the relative supply of each labor type. To distinguish between the wages of workers, w; with di¤erent education levels the superscripts h and g are used to identify high school educated workers and college educated workers, respectively. The skill-premium is de…ned as the weighted average of 4Wt = where gyt and de…ned as



h yt



g g yt wy;t h h yt wy;t



+ (1 + (1



g g yt )wo;t ; h h yt )wo;t



represent the relative weight of each group. The returns to experience are g g g 4Woy;t = wo;t =wy;t ;
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and h h h 4Woy;t = wo;t =wy;t :



4.2



Determinants of the Labor Supply



The equilibrium returns over time across labor markets are determined by the supply of workers of each type. The dynamics of total employment over time, Nt ; depend on the number of workforce with high school degree, Ht ; and the fraction with college degree, Gt : The age-premium or return to experience depends on the relative size of each group fHo;t ; Hy;t ; Go;t ; Gy;t g: At a given point in time, the total number of college graduates is given by Gt = Gy;t + Go;t ; P Gy;t = 34 j=25 Gj;t ; PJ Go;t = j=35 Gj;t ;



and for high school graduates



Ht = Hy;t + Ho;t ; P Hy;t = 34 j=25 Hj;t ; PJ Ho;t = j=35 Hj;t ;



and the total size of the workforce is Nt = Gt + Ht =



P34



j=25 (Gj;t



+ Hj;t ) +



PJ



j=35 (Gj;t



+ Hj;t ):



These de…nitions measure the size of the population by the number of workers of each type. For example, the relative size of college graduates between period t and t 1 is given by ng1t : Formally, G1t ; 1 + nG 1t = G1t 1 One can construct similar measures for high school graduates, nH 1t ; 1 + nH 1t =



H1t : H1t 1



Each period a number of workers of age J retires as they turn J + 1 and get replaced by a new in‡ow of newly graduate college workers fG1t ; G1t+1 ; G1t+2 ; :::g; and high school workers fH1t ; H1t+1 ; H1t+2 ; :::g: The remainder workers just gets one year older between period t and 23



t + 1: Formally, the laws of motion for workers with college degree are given by



Gj+1;t+1



8 > < G1;t+1 = Gj;t > : 0



if j = 1 if 1 < j J : if j = J + 1



There exists a similar expression for high school graduates.



Hj+1;t+1



8 > < H1;t+1 = Hj;t > : 0



if j = 1 if 1 < j J : if j = J + 1



The population is said to be stationary when it does not change over time, fHo;t ; Hy;t ; Go;t ; Gy;t g = G fHo ; Hy ; Go ; Gy g: If the initial in‡ow of graduate workers is not been stationary, nG 1t 6= n1 H and nH 1t 6= n1 ; the supply of workers by education and age will be changing over time. To project the dynamics of returns, it is useful to assume that at some baseline year, the in‡ow of graduates become stationary. A simple way to calculate the stationary distribution, it is to assume a constant in‡ow of new workers by education type G H H n1 = nG 1t = n1 = n1t = n1 ;



n1 = G1t =G1t



1



8t;



= H1t =H1t 1 ;



8t;



that allows the level of each group to be di¤erent (i.e., G1t = 1; 000 and H1t = 3; 000; but both increase over time at the same rate G1t+1 = 1; 000 n1 and H1t+1 = 1; 000 n1 . Overtime, the stationary distribution of of workers of each type will satisfy n1 = G1t =G1t



1



= ::: = GJt =GJt 1 ;



n1 = H1t =H1t



1



= ::: = HJt =HJt 1 :



and



For a sequence that converges to the stationary distribution, it is direct to calculate the general equilibrium e¤ects and the dynamics of the returns to education. When the ratios H across education groups are stationary (i.e. n1 = nG 1 = n1 ), the long-run skill premium is 4W =



g g y wy h wh y y



+ (1 + (1
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and the returns to education are constant over time are g 4Woy = wog =wyg ;



and h 4Woy = woh =wyh :



The next subsection explores the dynamic properties of the returns to education starting from the current distribution (non-stationary) and studies the convergence to a stationary distribution under the assumption of constant in‡ows of college and high school graduates.



4.3



General Equilibrium E¤ects in the Labor Supply



The initial conditions for each country are generated from the educational attainment by age group in Colombia and Brazil reported by SEDLAC. The as baseline year is set to 2012. Table 8 summarizes the size of the labor force comprised by each group. Table 8: Educational Attainment by Age Group (2012) Colombia 24-35 36-60



Education Complete secondary Incomplete terciary Complete College Complete Postgraduate



Brazil 24-35 36-60



2,451,304 2,561,293 13,453,063 13,750,052 1,343,866 999,561 4,411,272 3,500,912 1,052,583 1,004,735 4,640,883 6,479,572 178,685



444,960



211,342



478,747



Source: SEDLAC and World Bank For the calculations, the model de…nition of high school graduates, H1;t ;includes complete secondary and incomplete terciary (i.e., college dropouts). The data suggests that there is some return to partial college education. In the case of Colombia the return to incomplete college over high school graduates is 1.33 and for Brazil is 1.47. The analysis focuses on the return between secondary and college. The group of college graduates, G1;t ; includes complete college and postgraduate. In general, the distribution of workers is not uniformly distributed for each age group, 24-34 and 35-60. In the last decades, the growth rate of population has been relatively stable in Colombia and Brazil, so it is convenient to assume that the fraction of individuals in each group has been determined by population growth rate. In the case of Colombia that implies that the fraction of individuals of age 24 in the pool between 24-35 is about 9.6 percent and
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fraction for individuals of age 35 is 8.6 percent. Since the group of experience workers is larger (36-60) than no experienced (24-35), the relative fractions of each type are smaller. For example, individuals of age 36 represent 4.5 percent of the experienced pool of workers whereas 60 year old workers represent 3.5 percent. As discussed in the previous section, when the population becomes stationary the returns to education converge to the long-run values and are not a¤ected by the cross-section distribution (i.e., the wage returns are homogeneous of degree 1 and the ratios are not a¤ected by the in‡ows of graduates). Under the assumption that the fraction of skill and unskilled converge to a stationary distribution based on the current levels for high school and college graduates, Figure 1 shows the predicted path for the share of college in the labor force and the age composition of the college and high school graduates. Figure 1: Composition of the Labor Force in (Projected) Colombia
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Source: Author’s calculations (Baseline 2012) In the baseline year 2012, the share of college graduates in the labor force in Colombia is about 27 percent and 25 percent in Brazil. Based on the current path of demographics and the assumption of a steady in‡ow of graduates (college and high school), during the next 20 years both countries will have a more rapid growth of high school graduates than college graduates. Given the projections, the share of college in the labor force and the age composition becomes stationary around 2035. In the case of Colombia, the aggregate dynamics of the labor force imply a decline in the share of college graduates in the population from 27 to 25 percent. In the case of Brazil, the decline is from 25 percent to 22 percent. The projected series from Figure 1 can be used to calculate the returns to human capital



26



for each group estimating the technology as in Card and Lemieux (2001). Their approach calculates the relevant elasticities of substitution for Colombia and Brazil by matching the skill premium (return to education) and the age premium (return to experience). Table 9 summarizes the key elasticity parameters for each countries, and compares it with the United States. Table 9: Parameters for Colombia, Brazil, and U.S. Education Share capital income, HS vs. College = 1 Young vs. Old ' = 1



USA Colombia 1 E



1 A



Skill Premium College Age Premium High School Age Premium



Brazil



0.33 0.60



0.36 0.69



0.36 0.64



0.80



0.87



0.86



1.87 1.55 1.27



2.7 1.29 1.32



2.77 1.61 1.44



Source: Author’s calculations (Baseline 2012) The estimates show that Colombia and Brazil have a higher elasticity of substitution between college and high school and young vs. old when compared to the case of the United States. The Table also shows that the skill premium in Colombia and Brazil are very similar around 2.7 and about 42 percent times higher than the one in the United States. The supply of workers of each type are combined using the CES aggregators (measured in model units and not number of workers) described in Section 3.1. Over time, the relative prices respond to adjustments of the ratios of relevant aggregates (i.e., Nt =Gt and Nt =Ht ): These are essential to understand the direction of the adjustment of the returns to education. Figure 2 summarizes the relative change of these ratios relative to the baseline level in the
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year 2012. Figure 2: Rate of Change of Labor Force Aggregators Colombia
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Source: Author’s calculations (Baseline 2012) The top graph for Colombia and Brazil show that the aggregated number of college graduates in the labor force will diminish, and the ratio Nt =Gt will increase about 5 percent. Since the aggregators for college and high school are di¤erent, the decline of Nt =Ht is not necessarily symmetric. The bottom graph shows the response on aggregated number of young graduates the relative to old for college and high school. In both countries, the fraction of graduates will increase in the near future, before it becomes stationary around 2035, but it increases more for high school than for college. This is why in the top graph, the ratio Nt =Ht decreases. Nt grows at a lower rate than Ht . The predicted paths for Colombia and Brazil are di¤erent, as such, the response of the returns to education are likely to be di¤erent. In Brazil, the fraction of high school graduates grows at a faster rate than Colombia and the fraction of college graduates at a slower rate. The path to the stationary distribution implies for both countries a more rapid increase of the population of old workers than the young ones. The dynamics of Figure 1 and Figure 2 have important implications on the skill premium
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and the returns to experience as can be seen in Figure 3. Figure 3: Dynamics of Education Premiums Colombia
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Source: Author’s calculations The relative shortage of skill workers is likely to increase the skill premium for Colombia (3.7 percent) and Brazil 6.6 percent). The magnitude of the increase is larger in Brazil because the fraction of skill workers seems to be growing at a faster rate than college graduates. In Colombia the fraction of college graduates in the labor force decreases by 7 percent but in Brazil the decrease is around 12 percent. In terms of return to experience, both countries have an increasing number of college graduates getting over age 35, therefore their compensation, in relative terms, is predicted to decline. Since the growth of high school is relatively higher than college graduates, the return to experience for this groups in both countries is predicted to decline. The magnitude of the decline in larger in Brazil and Colombia and this follows from the dynamics reported in Figure 2. This analysis suggests that in both countries in the absence of interventions, the skill premium is likely to remain relatively high despite the decline in the return to experience. The dynamics of the education premium depends on the adjustment of relative weights and the returns on each speci…c labor sub-market. Formally, 4Wt =



g g yt wyt h h yt wyt
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To understand the nature of the adjustment Figure 4 shows the adjustment of the weight 29
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components,
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and



j j in the top chart, and the speci…c wages, wyt and wot for j = g; h.



Figure 4: Composition E¤ects of Education Premiums Colombia
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Source: Author’s calculations An important change in the wage premium comes from adjustments in the relative weights that place more importance in the return to experience. The wages for each group adjust, but most of the adjustment comes from the composition e¤ect. This …ninding is common for Colombia and Brazil. Remarks: The analysis makes some simplifying assumptions: 1) It ignores the distinction between 2-3 year college programs vs. 5-6 year programs. All the college graduates are part of the pool of individuals with completed degree. 2) It assumes that high school graduates that do not attend to college have no impact in the labor market until age 25. These assumptions are likely to bias some of the predictions in the analysis. What is the direction of the bias? Clearly, taking these two assumptions into account would increase the fraction of non-graduates and would make the return of education a bit less sensitive to education outcomes. As such, the …ndings can be interpreted as an upperbound where the resulted skill premium could increase even more in both countries.



4.4



Education Policy and General Equilibrium E¤ects



One of the goals of education policy is to increase the fraction of the skill labor force in the economy, Gt =Nt : If the fraction of college graduates increases relative to high school graduates, Gt =Ht < Gt+1 =Ht+1 ; this should move the return to education in the oppo30



site direction than the predictions derived in the previous section. The current framework can be used to explore the e¤ect of changes in the composition of skills in the labor force fHo;t ; Hy;t ; Go;t ; Gy;t gTt=2 : The scope of the analysis emphasizes permanent interventions, in terms of increasing the fraction of college graduates relative to high school. Implicitly, it assumes that the education policy is successful taking high school graduates at the age of 18 and turn them into college graduates. The idea is to identify the impact of the education programs in the composition of educational attainment by age and in the returns to education (skill and age premium). Let’s illustrate the implementation of an education intervention. Suppose that in the baseline case, absence of interventions, each period 900 high school graduates enter the labor market at the age of 25. This number is 300 for college graduates. Now, suppose there is a successful education intervention that increases the fraction of college graduates by 10 percent. Then, the number of college graduates increases to 330 percent. Where do the additional 30 graduates come from? These come from the pool of high school graduates that now has decreased from 900 to 870: Since the pool of high school graduates is 3 times larger than college graduates (900=300 = 3), a 10 percent increase in college graduates only represents a 3:3 percent decline in the fraction high school graduates. This idea can be easily generalize for any size intervention. Consider a permanent increase in the number of young college graduates, G1 , where 0 Gj+1;t+1 = G1 ; that simultaneously reduce the number of high school graduates, Hj+1;t+1 = H1



G1 :



The rate of change for high school graduates is given by Hj+1;t+1 =



1



G1 H1



H1 = (1



e) H1 ;



where e = G1 =H1 : Clearly, when G1 < H1 ; then > e: That is the increases in college graduates than enter the labor force is higher than the decline in high school graduates entering the labor market. When the size of both groups is the same, G1 = H1 ; then both change at the same rate, = e: The …rst experiment considers an education intervention that increases the fraction of college graduates of 20 percent in Colombia and Brazil. The e¤ects in the composition of
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the labor force are summarized in Figure 5. Figure 5: Education Policy and Educational Attainment ( = 0:2) Colombia
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Source: Author’s calculations Relative to the baseline case reported in Figure 1, the intervention has signi…cant e¤ect in the share of college graduates. In the case of Columbia it increases from 27 percent to around 29 percent instead of declining to 25 percent (as in Figure 1). In the case of Brazil, it increases from 25 percent to 26 percent instead of the predicted decline of 22 percent (as in Figure 1). The dynamic adjustment of the age composition is driven by an increase in the number of young graduates that makes this ratio Got =Gyt to decrease. Similarly, the number of young high school graduates decreases, as such the ratio Hot =Hyt increases at a faster rate
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than in Figure 1. Figure 6: Rate of Change of Labor Force Aggregators with Education Policy ( = 0:2) Colombia
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Source: Author’s calculations The short-run dynamics di¤er from the long-run, but the policy has signi…cant e¤ects in the composition of the labor market for both countries. The composition of the labor force in Figure 6 is very di¤erent than in Figure 2. The education intervention reduces the educational gap between the baseline year 2012 and the year 2030, but it also changes the adjustment of the aggregators that measure the returns to experience. The reduction of the number of high school workers increases their relative compensations reducing the college
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premium as can be seen in Figure 7. Figure 7: Education Policy and Education Premiums ( = 0:2) Colombia
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Source: Author’s calculations The education policy reduces the skill and the education premium relative to the baseline case described in Figure 3. The long-run impact in the skill premium is relatively similar in both countries, but the adjustment of the age premium is di¤erent. In the case of Brazil, there is an initial shortage of experience college graduates, as a result, their return increases, but in the medium and long-run the ‡ow of graduates places downward pressure on their return. The adjustment of the weights is an important driver of the change in direction of the
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skill premium as can be seen in Figure 8. Figure 8: Composition E¤ects of Education Premiums ( = 0:2) Colombia
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Source: Author’s calculations With the intervention, the relative weight of high school graduates between age 24 and 35 decreases at a lower rate for the case of Colombia and Brazil, but the decline for college graduates is relatively similar than in the baseline case reported in Figure 4. Part of the adjustment is due to an increase in the compensation of young high school graduates. The increase is higher in Brazil and Colombia and has the negative e¤ect of increasing the opportunity cost of college as discussed in the previous section. The last experiment considers an even larger increase in the fraction of college graduates relative to the previous level. Consider an education intervention that successfully increases the fraction of college graduates by 50 percent ( = 0:5). The implications of this policy in
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education attainment are summarized in Figure 9. Figure 9: Education Policy and Educational Attainment ( = 0:5) Colombia
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Source: Author’s calculations This policy has a larger impact in the educational attainment in Colombia than in Brazil (top chart), but the long-run e¤ects in the age composition (bottom chart) are nearly identical. The permanent change in the number of college graduates that enter the labor market every year generates a very sizable increase in their share in the labor force. In the baseline case for Colombia, their share is predicted to decline from 27 percent to 25 percent. With the intervention, their share would increase to 37 percent. The e¤ect in Brazil is similar, but the magnitude is smaller. The decline in the education premium in Colombia and Brazil can be seen in Figure 10.
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Figure 10: Education Policy and Education Premiums ( = 0:5) Colombia
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Source: Author’s calculations As a result of the intervention, the skill premium declines around 12 percent in both countries, but it takes over 35 years to reach this level. While the reduction in the education premium is signi…cant, it is still substantially higher than in the United States as summarized in Table 8. An important lesson from the previous experiments was that the adjustment in the weights was a very important driver of the skill premium. Figure 11 details the composition of the di¤erent drivers of the skill premium.
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Figure 11: Composition E¤ects of Education Premiums ( = 0:5) Colombia
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Source: Author’s calculations An important lesson from the analysis is that in all these di¤erent interventions, most of the adjustment come from the relative weights and an increase in the wages for young h high school graduates, wy;t . With this speci…cation of the production function properly parameterized for each country, the adjustment of the wages of college graduates, wtg ; is relatively small compared to the adjustment of quantity, Gt . This analysis highlights that education policy can be an e¤ective way to reduce the skill premium, the current returns to very high compared to most developed economies. However, to be successful the education programs next to signi…cantly increase the number of college graduates relative to high school. However, most of the dynamic decline in the skill premium is due to composition. The model in the next section explores the impact of education policies increasing the fraction of college graduates using a structural general equilibrium model.
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Quantitative Model General Equilibrium Model General Description



The economy is populated by overlapping generations of individuals that are economically active up to period J at which time they enter retirement. At the beginning of the …rst period of life each individual draws an innate ability and asset position from a joint distribution. 38
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With this information individuals decide to enroll in college or enter the work force as a fulltime high school educated worker. The option to enroll in college is only available during the …rst period of life. To graduate from college a student must successfully complete a …xed minimum number of credits within three periods. After enrolling in college, a new student decides on the number of credits to register for and the amount of e¤ort to exert in turning registered credits into completed credits. Students fund their purchases of registered credits and per-period consumption by drawing on four resources: labor income earned from endogenously supplying labor, student loans, initial assets, and government provided grants. The total cost of obtaining an education is a function of the number of credits registered for. At the beginning of the second period, each college student draws a new college ability from a conditional distribution. Upon learning their new college ability each student decides to continue their education, or drop out of college and enter the work force. Dropping out is a nonreversible decisions and the return to a partial education is uncertain. Students that decide to continue in college face the same problem as …rst period students, but particular students in the second period may di¤er in their college ability, the number of credits they have completed, and their current asset position. There is no more uncertainty over ability after the second period. Students that have satis…ed the minimum college degree requirement in two periods begin the third period as college educated workers. Students that have not completed the required minimum number of credits face the same problem as an agent beginning the second period. After making their dropout/continuation decision students choose registered credits and consumption expenditures, as well as how much to borrow and work. Should a student fail to complete their degree by the end of the third period they are e¤ectively a dropout. Upon entering the labor market by either forgoing college, dropping out, or graduating, workers choose how much labor to supply at the given education and age speci…c wage rate, how much to consume, and tomorrow’s asset position. Earnings are subject to nondistortionary taxation. We assume that the repayment of student loans begins immediately after leaving school and that only a fraction of debt incurred in school may be rolled-over each period. Thus, because no agents in our model begin life with a negative asset position, those individuals that never attend college are subject to a strict borrowing constraint. Extending the credit limits in this manner allows us to summarizes the idea that more skilled agents usually face looser credit constraints without having to endogenize borrowing constraints. At each date there is a single output good produced in the economy using a constant returns to scale production technology that is a function of aggregate capital and labor. Aggregate labor is comprised of age and education speci…c labor inputs. The government
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runs a balanced budget tax and transfer educational grant program. Our analysis only focuses on a stationary equilibrium where all the aggregates and prices are time invariant. The interest rate is …xed as in any small open economy. The model description and the calibration strategy are summarized in the Appendix.
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Education Policies



This section explores two di¤erent policy interventions using the quantitative model. One policy intervention introduces private lending to …nance college expenditures. The other one introduces free tuition for all the students enrolled in college. The model is used to measure the success of the policy in terms of increasing enrollment rates but also the fraction of individuals in the population with college degree.



6.1



Loan Programs



In the case of Colombia the fraction of the population that has access is very limited and estimated to be at most 10 percent. This number is substantially smaller than in the United States where over 42 percent of the students borrow to …nance college. The introduction of loans programs in the case of Colombia, increases the baseline borrowing constraints limit from a0 0; for all j; to a lower bound ajc that is set su¢ ciently high so it does not bind for any college student. a0



for all j:



ajc ;



The solution method starts from an initial guess that gets increase until no college student has an incentive to borrow at the existing interest rate. Individuals that do not enroll in college are not allow to borrow. As discussed in Section 2, borrowing allows students to …nance college and forces them to repay after graduation or dropping out. In the model, the loans are non-defaultable and long-term. The students do not have to repay the loan until they leave college. The e¤ects of relaxing the borrowing limit on the education outcomes are
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summarized in Table 10. Table 10: Creation a Loan Program in Colombia



Education Enroll Rate (%) Dropout (%) Time-Degree (actual years) Time-Degree (actual/statutory) Fraction Graduates (%) Fraction HS (%)



Model Data Baseline Loan Program 38.5 39.0 6.3 1.28 26.7 73.3



38.6 23.1 5.1 1.10 27.6 72.4



39.5 20.7 4.8 1.00 31.4 68.6



2.7 1.29 1.32 1.33



2.6 1.28 1.29 1.32



2.45 1.28 1.29 1.28



Labor Market Returns Skill Premium Coll.Age Premium HS.Age Premium Incomplete College Premium



Source: Author’s calculations The relaxation of the credit limits expands the size of the loan program. This has a positive impact in the enrollment rate but also in the fraction of the workforce that graduates with a college degree. This intervention makes the students accountable, as suggested in Section 2, as a result the students that borrow have more resources to complete college and the dropout rate declines from 23.1 in the baseline model to 20.7 percent. The policy provides incentives to graduate, as student loans are non-defaultable. The change in the composition of the labor force, more college graduates, reduces the skill premium from 2.6 percent to 2.45, a 10 percent decline. As discussed in the previous Section, most of the decline is due to composition changes because the returns to experience across education groups remain relatively unchanged. The quantitative …ndings of the micro-macro model are consistent with the general equilibrium analysis in Section 3.



6.2



Free Tuition Programs



The expansion of loans programs have positive e¤ects in the education outcomes, more enrollment and a higher graduation rates. A more aggressive intervention is to provide free tuition to all the students. The elimination of tuition costs reduces the barrier to access to
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college, however, for some students with low ability the capacity to progress through college is highly diminish, 0; x0 = x ee ;



even when the tuition costs are zero, Ti = 0: The policy provides free tuition for registering a minimum number of credits consistent with being a full-time student. This prevents some students to enroll in a the minimum number of credits and strategically dropout the next year to earn the wage of an worker with incomplete education. The tuition subsidy is …nanced with an increase in taxation of all workers (with and without college degree). As a result, the policy redistributes for those individuals that do not attend or dropout to those that complete college. The results associated to this policy are summarized in Table 11. Table 11: Free Tuition Colombia



Education Enroll Rate (%) Dropout (%) Time-Degree (actual years) Time-Degree (actual/statutory) Fraction Graduates (%) Fraction HS (%)



Model Data Baseline Free Tuition 38.5 39.0 6.3 1.28 26.7 73.3



38.6 23.1 5.1 1.1 27.6 72.4



53.0 43.5 5.5 1.15 33.5 66.5



2.7 1.29 1.32 1.33



2.6 1.28 1.29 1.32



2.38 1.30 1.25 1.22



Labor Market Returns Skill Premium Coll.Age Premium HS.Age Premium Incomplete College Premium



Source: Author’s calculations This policy is very successful increasing the enrollment rate, but it also increases the fraction of dropout rates, relative to the baseline level, and time to degree. The increase in the enrollment rate allows comes from students with some ability and no resources, but also from students with very low ability that decide to enroll in college to see if it pays o¤. That is they receive a better draw in the distribution of ability relative to the high school endowment s < c : The policy increases the enrollment rate and dropout rate by 36 and 88 percent respec-
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tively. The policy fails to retain a signi…cant fraction of the enrolled students, but the number of workers with college degree increases by 21 percent. This increase in the fraction of college graduates reduces the skill premium by 9 percent. As in the previous simulation and in the experiments in Section 3, the decline in the skill premium is mainly driven by a change in the composition of the labor market, and to a lesser extend adjustments in the labor supply because higher tax rates. The returns to education across education types remains relatively unchanged. When comparing a policy of free tuition with the expansion of the loan program, the e¤ects in terms of labor market outcomes are similar. Free tuition increases the fraction of workers with college degree from 27.6 to 33.5, whereas the expansion of the loan program generate an increase of 31.4. The di¤erence in terms of success producing graduates is only 6.7 percent, (33.5/31.4=1.067%), but the reduction in the skill premium in the case of free tuition is only 3 percent over the expansion of credit loans. Free tuition is a drastic policy, Ti = 0; but a more drastic intervention is to pay people to go to school, Ti = wis : Using I 4 X wis wihs X wic wihs + : v= (1 + r)i 1 i=5 (1 + r)i 1 i=1



This policy increases enrollment even more than free tuition, but the marginal student has low ability ( h ) and very little incentives to stay in college, and as soon as the college ability ( c ) is revealed the students drops out. Like in the previous experiment, the policy provides free tuition and compensation for registering a minimum number of credits. The results are summarized in Figure 12. Figure 12: Free Tuition vs. Paid to go to College (Colombia) Paid to go Baseline to college(*) Free Tuition



Education Enroll Rate(%) Dropout (%) Time-Degree (actual years) Graduation Rate (%)



38.6 23.0 5.1 62.0



59.0 48.0 5.7 52.0



53.0 43.5 5.5 56.5



Source: Author’s calculations Amount* paid is proportional to the # credits registered



The e¤ects of the policy, in terms of education outcomes, are in-line with the case of free 43



tuition. The fraction of enrolled students increases, but also the number of students that dropout and time to degree. The e¤ective graduation rates, once you control for the di¤erent number of enrollment are very similar in the case of free tuition and paid to go to college.
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Conclusions



In this paper we developed a quantitative theory of college education which is embedded within the context of general equilibrium overlapping generations economy. We depart from the standard human capital literature and model college as a multi-period risky investment with endogenous enrollment, time-to-degree, and dropout behavior. The tuition expenditures required to complete college were allowed to be funded using federal grants, student loans, and working while in college. The current baseline has been calibrated for Colombia and Brazil as two distinct education systems in the LACC countries. These di¤erent models account for the main statistics regarding education such as enrollment rate, dropout rate, and time to degree while matching the observed aggregate wage premiums consistent with the labor and macro literature. One of the important issues in the policy debate in LACC is the expansion of student loan programs vs. o¤ering free tuition. According to the model changing conditions in the credit market has e¤ects on the enrollment decision and graduation rates. The presence of credit constraint students appears to be driven by the lack of personal funding of some high ability students. This results contrasts with the case of the United States where the estimates suggest that expanding credit programs has small e¤ects on education outcomes. The model also suggests that free tuition increases enrollment, but also dropout rates. The key distinction with the expansion of credit is that with free tuition college drop-outs only get to pay a fraction of the cost of education whereas in the case of non-defaultable students loans the student is always responsible to repay.



References [1] Abbot, B., Gallipoli, G., Meghir, C., & Violante, G. (2013). Education decisions and intergenerational transfers in equilibrium (Working Paper). New York: New York University. [2] Akyol, A. & Athreya, K. (2005). Risky higher education and subsidies. Journal of Economic Dynamics and Control, 29(6), pp. 979-1023.



44



[3] Akyol, A. & Athreya, K. (2006). Unsecured credit and self-employment (Working paper), York University, Department of Economics. [4] Altonji, J. (1993). The demand for and return to education when education outcomes are uncertain. Journal of Labor Economics, 11(1), pp. 48-83. [5] Becker, G. (1964). Human capital investment (1st ed.). New York: Columbian University Press. [6] Ben-Porath, Y. (1967). The production of human capital and the life cycle of earnings, The Journal of Political Economy, 75(4), pp. 352-369. [7] Black, S. E., Devereux, P. J., & Salvanes, K (2003). Why the apple doesn’t fall far: Understanding the intergenerational transmission of human capital (Working Paper 10066). Cambridge, MA: National Bureau of Economic Research. [8] Bound, J., Lovenheim, M., & Turner, S. (2006). Understanding the increased time to the baccalaureate degree (Working Paper). Charlottesville, VA: University of Virginia. [9] Card, D. & Lemieux, T. (2001). Can falling supply explain the rising return to college for younger men? A cohort-based analysis (Working Paper 7655). Cambridge, MA: National Bureau of Economic Research. [10] Cameron S.V. & Heckman, J. J. (1998). Life cycle schooling and dynamic selection bias: Models and evidence for …ve cohorts of American males. The Journal of Political Economy, 106(2). pp. 262-333. [11] Cameron S.V. & Heckman, J. J. (1999).The dynamics of educational attainment for blacks, hispanics and whites (Working Paper 7249). Cambridge, MA: National Bureau of Economic Research. [12] Carnerio, P. & Heckman, J. J. (2002). The evidence on credit constraints in postsecondary schooling. The Economic Journal, 112(482), pp.705-734. [13] Caucutt, E. & Kumar, K. (2003). Higher education subsidies and heterogeneity: A dynamic analysis. Journal of Economic Dynamics and Control, 27(8), pp. 1459-1502. [14] Comay, Y., Melni, A. & Pollatschek, M. (1973) The option value of education and the optimal path for investment in human capital. International Economic Review, 14(2), pp. 421-435.



45



[15] Gladieux, L. & Perna, L. (2005). Borrowers who drop out: A neglected aspect of the college student loan trend. San Jose, CA: The National Center for the Public Policy and Higher Education. [16] Heckman, J. J., Lance, L. & Taber, C. (1998). General equilibrium treatment e¤ects: A study of tuition policy. The American Economic Review, 88(2), 381-386. [17] Kane, T. & Rouse, C. (1995). Labor-market returns to two- and four-year - college. The American Economic Review, 85(3). pp. 600-614. [18] Keane, M. P. & Wolpin, K. I. (2001). The e¤ect of parental transfers and borrowing constraints on educational attainment. International Economic Review, 42(4), pp. 10511103. [19] Keane, M. P. (2002). Financial aid, borrowing constraints, and college attendance: Evidence from structural estimates. The American Economic Review, 92(2), pp. 293-297. [20] Levhari, D. & Weiss, Y (1974). The e¤ect of risk on the investment in human capital. The American Economic Review, 64(6), pp. 950-963. [21] Lucas, R. E, Jr. (1988). On the Mechanics of Economic Development. Journal of Monetary Economics, 22(1), pp. 3-42. [22] Manksi, C. (1989). Schooling as experimentation: A reappraisal of the postsecondary dropout phenomenon. Economics of Education Review, 8(4), pp. 305-312. [23] Merton, R. C. (1971). Optimum consumption and portfolio rules in a continuous-time model. Journal of Economic Theory, 3(4), pp. 373-413. [24] Restuccia, D. & Urrutia, C. (2004). Intergenerational persistence of earnings: The role of early and college education. The American Economic Review, 94(5), pp. 1354-1378. [25] Roussanov, N. (2004). Human Capital Investment and Portfolio Choice over the LifeCycle (Working Paper). Philadelphia, PA: University of Pennsylvania. [26] Uzawa, H. (1965). Optimal techinical change in an aggregative model of economic growth. International Economic Review, 6(1), pp. 18-31.



46



8



Appendix: Quantitative General Equilibrium Model



8.1



Demographics



The economy is populated by overlapping generations of individuals that are indexed by their age, j 2 J = f1; 2; :::; Jg : Each agent is economically active until age J 1; after which they enter retirement at age J: Consumers are considered "young" from birth up to age jo ; and thereafter until retirement they are characterized as "old." There is no survival uncertainty.4 For convenience the total measure of agents in the economy is normalized to unity. We assume that each newborn population grows relative to the previous generation at a constant rate each period. The cohort shares f j gJj=1 are computed as j = j 1 =(1 + ); P where Jj=1 j = 1:



8.2



Firms and Wages



The model is closed using an aggregate production function based on the formulation of Card and Lemieux (2001). The details are described in Section 3. Since we explicitly model the college dropout decision we must to assign a wage rate for the students pursuing this option. Kane and Rouse (1995) …nd that, on average, those that attended two year colleges earned approximately 10 percent more than those with just a high school education. To capture this partial return to completing some higher education the wages of college dropouts are modeled as a linear combination of high school educated workers and college educated workers: wid = wih + (1 where



8.3



) wig ;



i = o; y;



(6)



2 (0; 1) dictates the return to partial education.



Consumers



Consumers preferences are de…ned over consumption c; leisure l; and retirement assets aJ ; according to the following expected, discounted utility function: E



(J 1 X



j 1



)



u (c; l) + (aJ ) ;



j=1



4 The survival probabilities for individuals of age 65 and less are su¢ ciently close to one that we may abstract from modelling mortality risk and the structure of annuity markets.
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where is the subjective discount factor and the function ( ) is the agent’s value function upon retirement. Because there is no uncertainty after the …nal period, or more generally that all uncertainty is iid; the use of a terminal value function is valid.5 The partial derivatives of the utility function u : R2 ! R satisfy ui > 0; uii < 0; and uij > 0; and are consistent with the Inada conditions. The retirement value function : R ! R is C 2 and strictly concave. Speci…c functional forms for the per-period utility function and retirement value function are discussed in the parameterization section. Upon …rst entering the economy new high school graduates are di¤erentiated by their initial asset position and innate ability (a0 ; h ) which are drawn from a joint probability distribution (a0 ; h ): The manner in which initial assets and ability are determined is an extremely important feature of the model. In abstracting away from the pre-college portion of a student’s life we have neglected important socioeconomic in‡uences that invariably determine the college preparedness of an agent, as well as the …nancial resources available to potentially college bound students. For example, wealthier families may be able to invest more heavily in their child’s secondary education which leads to a correlation between family wealth and college preparedness. Restuccia and Urruria (2004) used a quantitative model of intergenerational human capital transmission and found that approximately one-half of the intergenerational correlation in earning can be accounted for by the parents investment in early education. In addition, wealthier families may o¤er more …nancial support to their child to go to college. The potential correlation between wealth and ability, and then wealth and …nancial support for college implies a correlation between a student’s college …nancial resources and their ability. The joint probability distribution allows us account for this correlation, which e¤ectively summarizes the socioeconomic in‡uences prior to college. The estimation of this distribution is discussed later when we parameterize the benchmark economy. In the …rst period of life newborns are o¤ered the opportunity to enroll in college or enter the labor market with a high school education. As a result of this decision we can classify each agent as being in one of two categories: student, or a full-time worker. We present the problem of the college student …rst followed by the problem of the worker.



8.4



College Student Problem



College is modeled as a multi-period risky investment that requires a student to successfully complete a minimum of credits x within three periods to graduate. Students progress through college by combining their ability 2 ; e¤ort e; and registered credits x e; using an education technology Q( ; e; x e). The education technology is a non-linear function dictating 5



See Merton (1971).
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the production of completed credits x; according to: x = Q( ; e; x e) = x ee ;



0



< 1:



We choose to model progression through college in terms of credits instead of human capital in order to more accurately incorporate the cost of education into the model using empirical data. The speci…ed technology is multiplicative in ability, registered credits, and e¤ort. In addition, the marginal returns to investment in education are constant in the …rst two factors and diminishing in the third. The multiplicative structure implies that students with higher ability are more productive at the margin in terms of completing all college credits, and is not simply a scaling factor. Students can a¤ect the production of completed credits by choosing the number of registered credits and/or supplying more e¤ort. For example, a student with lower ability ei > x ej ; and obtain the same i < j ; can choose to register for a larger number of credits x return (in terms of completed credits) as a higher ability student. Although the cost in terms of tuition will be higher. The assumption that higher-ability types are more productive is common in the human capital literature(see, for example, Becker (1993)). A low ability student could also increase e¤ort in school, but there is an associated utility cost as an increase in e¤ort reduces the time available for leisure and work. The education technology also exhibits diminishing returns to e¤ort following the work of Ben-Porath (1967):6 Despite the apparent di¤erences, the college credit function is closely related to a version of the frequently used human capital accumulation equation, where the stock of human capital is replaced with the agent’s credit stock. As mentioned earlier, allowing the labor supply of college students to be determined endogenously addresses a previously neglected interaction with the student’s choice of debt. It also serves another important function related to the riskiness of college. In the presence of uncertainty over the ability to complete college students may choose to hedge the risk by substituting labor income for debt. This further increases the chances of failure as time spent working may be drawn away from school. Students from the lower end of the asset distribution are particularly vulnerable because we correlate ability with initial assets. The structure of the model allows us to exploit the recursive nature of the consumer’s problem. In addition, we can break the agent’s optimization problem into distinct time periods in order to make explicit how the agent’s information set and trade-o¤s evolve. Each agent has a total of …ve state variables: assets a; current ability ; completed college 6 Ben-Porath assumes that the human capital technology exhibits diminishing returns in e¤ort and the stock of human capital, f (h; e; ) = (he) . The curvature of the production function allows one to characterize interior solutions and also bounds the stock of human capital. In our model, we formalize the acquisition of education through credits that are bounded by the minimum number of credits required to graduate.
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credits x; age j; and education indicator s: The education indicator state lies in the set S = fh; d; c; gg where h refers to a high school educated worker, d a college dropout, c an enrolled college student, and g a college graduate. Let vjs (a; x; ) be the value function of an age j agent with education level s; assets a; completed college credits x; and schooling ability :7 First Period of College: Given initial assets and ability, an agent that decides to enroll in college must choose consumption c; registered credits x e; e¤ort e; leisure l; labor supply n; 0 and tomorrow’s asset position a . A freshman student has an initial endowment of college credits, x = 0. The …rst period college problem may be written as: v1c (a; x; h )



=



n max u (c; l) + E 0



c;e x;a ;e;l;n



d c ;wy



max



v2c (a0 ; x0 ; c0 ); v2d (a0 ; x0 ; c0 )



o



(7)



subject to c+Tx e + a0



wyh n + a + y



x0 = a0



ee hx a2c



l+e+n=1 x e > 0; x0



x e



The total education expenditure depends on the number of registered credits x e and the price per-credit T . In order to …nance their education, students may draw on their initial assets and three additional resources. First, students may work while in school earning a young high school graduates wage wyh : Second, the government provides all students with a per-period college grant y: Students also have access to the …nancial market where they are permitted to take a negative position in the only …nancial asset a0 2 A up to the borrowing constraint a2c . We allow the per-period loan limit to vary in each period of college as indicated by the time indexing. Each agent has a time endowment normalized to the unity. During college years this endowment can be allocated between work, e¤ort in school, and leisure. The last two constraints simply states that students must register for positive credits, and that completed credits may not be greater than registered credits. The continuation value functions for a …rst-year student depends on whether the student continues with their education in the following period, v2c ( ); or drops from school and joins the labor force as a full-time worker, v2d ( ): The expectation in the continuation value is the 7 Writing the value function as vjs (a; x; ) rather than v(a; x; ; s; j) keeps the notation compact and saves space.
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result of two sources of risk associated with obtaining an education. First, we assume that after the …rst period of college each student’s college ability c is randomly drawn from the conditional distribution ( h ; c ). Once the agent’s college ability is determined there is no further uncertainty over ability.8 Second, should a student choose to dropout they receive a high school graduate’s wage with probability p and a college dropout’s wage with probability (1 p) : The uncertainty over wages enables us to easily incorporate the documented partial return to college. Thus, the expectation in the value function is with respect to next periods college ability c ; and the wage a dropout will receive, wyd : Second Period of College: At the beginning of the period each student draws a new college ability type c ( h j c ) : After learning their new ability the student decides to dropout or continue on with college. The second period college problem is similar to that of the …rst period. However, the borrowing constraint in the second period is relaxed with respect to the previous period. In addition, the student now has to weigh the option of completing enough credits to graduate at the end of the period. The student now solves: v2c (a; x; c ) =



max 0



c;e x;a ;e;l;n



n o u (c; l) + Ewyd max v3c (a0 ; x0 ; c0 ); v3d (a0 ; x0 ; c0 ); v3g (a0 ; x0 ; c0 )



(8)



subject to c+Tx e + a0



wyh n + y + (1 + r) a



x0 = x + a0



ee cx



a3c



l+e+n=1 x e > 0; x0



x e; x0



x;



where v3g (a0 ; x0 ; c0 ) is the value of entering the labor market in the third period as a college graduate. The law of motion for completed credits now includes the stock of completed credits from the previous college year x. To satisfy the graduation requirement a college student must complete x0 x college credits. Note that the production function of credits depends only on the realized value of college ability and is therefore independent of past abilities. A college student is always allowed to borrow as least as much in the second period as in the third period. This assumption allows the agent to at least roll over the previous periods debt if a3c = a2c , and increase accumulated student loan debt if a3c < a2c : If the credit constraint were not to be relaxed a college student at the borrowing limit during the …rst8



As we discuss in greater detail when we outline our parameterization of the model, we estimate the conditional probability distribution to match empirical data that indicates that successful high school students are more likely to be successful college students.
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period of college would be forced to repay the principal and accrued interest (1 + r) a2c in the third period, while only relying on labor income and grants to fund their education. Because all ability uncertainty is resolved before the student makes any decisions, the expectation operator is only de…ned over the wage rate of dropouts. Third Period of College: Students that extend their time in school into the third period solve a slightly di¤erent problem than in the second period. Should a student not be able to complete x credits in the …nal period they are automatically classi…ed as dropouts as there is no further college periods. As in the second period, we allow the borrowing constraint to change although we do not require that it allow for an increased level of debt.9 The problem in the …nal period of college is v3c (a; x; c ) =



max 0



c;e x;a ;e;l;n



n u (c; l) + Ewyd max v4d (a0 ; x0 ;



g 0 0 c ); v4 (a ; x ;



c)



o



(9)



subject to c+Tx e + a0



wyh n + y + (1 + r) a



x0 = x + c x ee



l+e+n=1 a0



8.5



a4c



x e > 0; x0



College Enrollment Decision



x e; x0



x



A newborn high school graduate with innate ability h ; initial assets a0 ; and no college credits (x = 0) will choose to go to college when the expected discounted utility of doing so is as least as great as the utility gain from entering the workforce as a high school educated worker. This cut-o¤ may be summarized in terms of the agent’s value function as: v1c (a; 0;



v1h (a; 0;



h)



h)



(10)



To compute the initial value function it is necessary to solve the model using backward recursion from the last period followed by the workers problem. We turn into these problems next. 9



When we estimate the benchmark economy we specify a4c < a3c < a2c so the agent may continually increase borrowing while in school. However in our policy experiments we investigate how restricted debt in the third period of college a¤ects time-to-degree.
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8.6



Workers



All workers solve the same general problem regardless of their path to the workforce: forgoing college (s = h) ; dropping out (s = d) ; or graduating (s = g) : After leaving school the laws of motion for credits and ability for college students are trivially x0 = x and 0 = , respectively, and all the relevant educational information is summarized by the college status s; age j; and asset position a: Workers choose consumption, tomorrow’s asset position, and how much labor to supply at the given education and age speci…c wage rate. All income is subject to a lump-sum tax : The problem of a worker in the period immediately preceding retirement is complicated by our use of a terminal value function to model post-retirement. We present the problem of workers aged j < J 1 …rst and postpone the aged J 1 worker’s problem to the next section. For ages j < J 1 the worker’s wage rate is age dependent



wjs



=



8 s > < wy > :



wos



if j < jo if jo



j


1



Notice that this speci…cation di¤ers from the standard formulation where the pro…le of earning changes over the life-cycle according to some hump-shaped pro…le of exogenously speci…ed e¢ ciency units of labor. In the current speci…cation the age and education heterogeneity, as well as the evolution of the asset distribution are responsible for changes in the labor supply. Full-time workers allocate their time endowment between leisure and work as e¤ort in school is no longer required. The worker’s optimization problem may be written as: vjs (a) = max0 u (c; 1 c;l;n;a



s n) + vj+1 (a0 )



(11)



subject to c + a0 a0



wjs n + (1 + r) a min [0; a] ;



;



2 (0; 1) :



Our borrowing constraint is nonstandard and requires some discussion due to the restrictions we impose on student loan repayment. We assume that repayment of student loans begins immediately after leaving school and that only a fraction 2 (0; 1) of outstanding loans may be rolled-over each period. This prevents us from adding an additional state variable while simultaneously approximating the repayment time period currently placed on many student loans.10 Agents are not permitted to hold negative assets beyond what they 10



Under the federal student loan program the standard repayment option for Sta¤ord loans is 10 years.
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enter the workforce with in the form of student loans. Thus, tomorrow’s asset decision must satisfy a0 min [0; a] : Since all agents begin life with a non-negative asset position, it is clear that forgoing college results in a hard borrowing constraint. This speci…cation is a when s 6= h; and equivalent to an education dependent borrowing constraint where a0s a0h 0:



8.7



Retirement



Compulsory retirement occurs at age J: Because agents have utility de…ned over terminal assets, the period J 1 worker problem is slightly di¤erent than the standard worker problem. The problem in the period immediately preceding retirement is: vJs



1 (a)



= max fu (c; l) + (aJ )g ; c;l;n;aJ+1



(12)



subject to aJ > 0 and the old worker’s budget constraint. Here, ( ) determines the value retirees place on assets. This allows us to abstract away from post retirement behavior which we feel is appropriate as we are concerned with behavior extremely early in the economic life-cycle. This is a convenient adaptation of the method used in Roussanov (2004) and Akyol and Athreya (2006).



8.8



Government



The government runs a tax and transfer education grant program. All workers not in college are taxed a lump-sum tax which is redistributed to college students in the form of grants y: Our balanced budget assumption implies that in equilibrium the government’s tax revenue must equal total grant expenditures. The lump-sum tax that balances the education budget can be written as: R P d dx ds dj) j (da A PX Ss=c J = yR ; (13) d dx ds dj) X Ss6=c J j (da A



where ( ) represents the measure of households over the state space. The government budget constraint needs to be modi…ed when we consider tuition subsidies, or merit based programs. However, we defer these discussions to the results section. It can be argued that compared with a marginal income tax, our assumption of a lumpsum tax may not accurately capture the distortionary e¤ect taxes have on the incentive Matching this repayment length exactly would require adding the number of repayment periods remaining as a state variable.
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to pursue a college education. However, given that only a small mass of the population is receiving grants, the per-capita tax burden in this economy is likely not to have a signi…cant a¤ect on the return to education. In a subsequent paper we plan to investigate this proposal by examining the optimal tax instrument to …nance a publicly provided higher education subsidy program.



8.9



College Sector



There is an extensive literature on the supply side of education. The objective of the paper is to focus on the demand side by specifying a simple college sector that produces the credits. We assume a competitive education sector with constant returns to scale, or linear cost structure. Free entry in the sector ensures that pro…ts will be zero and the price per credit equals the marginal cost of producing credits. The advantage of this formulation is that allows to parameterize the cost of college education as fraction of average income and it simpli…es an already complex model.
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Stationary Equilibrium



To de…ne the notion of stationary equilibrium it is useful to introduce some additional notation. For an individual of a given age j 2 J = (1; 2; :::; J) I and education status s 2 S = (h; d; g; c); the relevant state vector in the recursive representation is denoted A; 2 ; x 2 X I: Notice that the set of asset by sj = (a; x; ). Let as 2 As holding is conditioned buy the education status as a result of the education speci…c borrowing constraint. We also de…ne = (a; x; ; s; j) to be the state vector including the education status and age, and ( ) represents the distribution of individuals over the entire state space. A stationary recursive equilibrium for this economy is a collection of: (i) individual value functions fvjs ( sj ); ( sj )g; (ii) individual decision rules for college students csj ( sj ); asj+1 ( sj ); nsj ( sj ); esj ( sj ); x esj ( sj ); sj ( sj )g; (iii) individual decision rules for workers and retirees fcsj ( sj ); asj+1 ( sj ); nsj ( sj )g; (iv) a college enrollment decision I1c (a; 0; h ); (v) aggregate capital and labor inputs fK; Hy ; Ho ; Gy ; Go g; (vi) price vector fr ; wyg ; wog ; wyh ; woh ; wyd ; wod g; (vii) education policy = f ; yg; and (viii) a stationary population distribution f j g; and an invariant distribution ( ) of individuals over the entire state space such that: 1. Given prices fr ; wyg ; wog ; wyh ; woh ; wyd ; wod g and tax and grant policy ; the individual decision rules fcsj ( sj ); asj+1 ( sj ); ljs ( sj ); esj ( sj ); x esj ( sj ); sj ( sj )g solve the college student’s problem speci…ed in (13)-(15). The decision rules fcsj ( sj ); asj+1 ( sj ); ljs ( sj )g solve the 55



worker’s problem summarized by (17) and (18). And the college enrollment decision I1c (a; 0; h ) is consistent with (16). 2. Given prices fr ; wyg ; wog ; wyh ; woh ; wyd ; wod g, the representative …rm maximizes pro…ts (i.e., conditions (7)-(12) are satis…ed). 3. The labor markets clear: Z X Hy = A



Gy =



A



Go =



Z



A



( )+



s j nj (



s j )d



( )+



X



s j nj (



s j )d



( ) + (1



Z



)



X



X



s j nj (



s j )d



Z



( ) + (1



Z



)



A



X Ss=g Jj


where d ( )



(da



d



dx



ds



s j )d



( );



s j nj (



s j )d



( );



s j nj (



s j )d



( );



X Ss=d Jj


A



X Ss=g Jj


s j nj (



X Ss=d Jj


A



X Ss=h Jj


X



Z



A



X



A



Z



s j )d



X Ss=h;c Jj


Z



Ho =



s j nj (



X



X Ss=d Jj


X



s j nj (



s j )d



( );



X Ss=d Jj


dj) :



4. The government budget constraint is satis…ed: Z
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5. Letting T be an operator which maps the set of distributions into itself, aggregation requires (a0 ; 0 ; x0 ; s0 ; j + 1) = T ( ) ; and T be consistent with individual decisions. There are two remarks about the de…nition of equilibrium. First, the labor market conditions are slightly more complex due to the existence of college dropouts. Recall that there is uncertainty over the exact wage a college dropout will receive; a fraction will receive the high school wage while the rest will receive the dropout wage. The labor supply of dropouts earning the high school wage is aggregated into the high school labor supply. The aggregation of the labor supply for the dropout wage earners is carried out in-line with how the dropout wage is determined. Because we calculate the college dropout’s wages as a linear combination of the wages of high school educated workers and college educated workers we 56



dj) ;



must aggregate a fraction of their labor into both education group’s labor supply. We weight the labor supply of college dropouts according to the fraction of the wage which is determined by high school and college education workers.
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Parametrization and Model Evaluation



The model is calibrated for di¤erent economies Columbia and Brazil. The quantitative analysis in this section assumes that all the di¤erences in education outcomes are due to di¤erences in the initial distribution of ability, some basic features of the education programs, and the labor market structure (parameters of the aggregate production function as described in Section 3). The preferences parameters and the technology to accumulate credits is the same across countries. This is purposely done to illustrate how di¤erent institutions in each country a¤ect education and labor market outcomes. As it is standard in the macro approach, the goal is not to derive the …ndings as a result of having di¤erent fundamental parameters (i.e., education technology or labor supply elasticity). A period in this model is two years. Agents begin life at age 18. They are considered young until age 36 (jo ) at which time they become old. All agents enter retirement at age 66 (J) : The population growth rate is set to an annual rate of 1.40 percent for Colombia and 0.9 percent for Brazil. The production function for each country follows the approach from Section 3, and the parameters used for each country are described in Table 8. The scaling parameters are adjusted to match model units. Preferences come from the CRRA family of utility functions. Speciality, the per-period utility function is c l1 u (c; l) = 1



1



;



and the retirement value function is of the form (aJ )1 (aJ ) = R 1



:



The per-period utility function was chosen to allow for consumption and leisure to be complements, a potentially important feature of the college experience. In-line with preference parameter values found in the life-cycle literature we set the curvature parameter = 4:0, the utility weight of consumption is chosen to be = 0:33; and the agent’s subjective discount factor is = 0:98 : The agent’s coe¢ cient of relative risk aversion is - cuuccc = 1 (1 + ) 2: The remaining parameter, R ; is determined in the estimation of the benchmark economy.
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The technology to accumulate credits is given by x0 = g(e x; e) = x ee ;



and is common across countries. However, in Brazil the number of credits needed to complete a degree in Brazil is 120 and in Colombia is 155. The model is jointly parameterized and solved for equilibrium in the labor market for the case of Colombia and Brazil using as baseline the year 2012. The model targets relative to the data counterpart are summarized in Table A1. Table A1: Baseline Calibrations for Colombia and Brazil (2012) Colombia Education Enroll Rate (%) Dropout (%) Time-Degree (actual years) Time-Degree (actual/statutory) Fraction Graduates (%) Fraction HS (%)



Brazil



Data Model Data Model 38.5 39.0 6.3 1.28 26.7 73.3



38.6 23.1 5.1 1.1 27.6 72.4



38 56.5 5.1 1.21 25.2 74.8



34.6 25.0 5.2 1.24 27.6 72.4



2.7 1.29 1.32 1.33



2.6 1.28 1.29 1.32



2.77 1.44 1.61 1.47



2.70 1.47 1.61 1.38



Labor Market Returns Skill Premium Coll.Age Premium HS.Age Premium Incomplete College Premium



Source: Author’s calculations The upper part of Table 10 compares the education statistics in the model relative to the data for Brazil and Colombia. The model captures reasonable well the main education statistics, in terms of enrollment and time to degree. The model does not quite capture the size magnitude of dropout rates observed in the data. In the case of Colombia the model captures about 60 percent of the observed rate and slightly less for the case of Brazil. The model also replicates the fraction of workforce comprised by college and high school workers. The model baseline for Colombia and Brazil also capture the skill premium, the returns to experience, and the return to college dropouts observed in the data. The …t of the model suggests that is provides a reasonable laboratory to explore the e¤ects of education policy.
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