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Figure 4: Steady State Skill Prices With Skill-Biased Technological Change and Relaxation
of the Credit Constraints.
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the size of the supply increase at intermediate is not enough to produce a sizeable decrease

in the equilibrium price below the value at baseline.

Scenario III presents both of the two features that characterize the convexi�cation in

Mexico: with respect to the baseline model, the relative return to higher versus intermediate

education increases, the relative return to intermediate versus basic education decreases and

the price at intermediate lies below the value at baseline.39

6 Model�s assessment

For a quantitative assessment of the model�s performance we can compare the growth of

the skill prices and the relative returns computed from the simulations and from the data.

The second column of Table 2 and 3 presents, respectively, the growth of the level and of

the relative log education prices between 1987 and 2002 estimated from equation (21) with

the ENEU data; columns three to six present, respectively, the growth of the level and of

the relative log education prices computed at steady state in each of the three simulated

39An additional constraint to an increase in the supply of education is given by the extent of earnings�
risk. Negative shocks can change the fortune of dynasties that are born rich and prevent some families to
�nance investments into higher education. A proxy for earnings�risk is given by the value of the estimated
variances of the earnings as reported in Table 6 in Appendix C. Simulation results show that in the absence
of a relaxation of the credit constraints changes in earnings�risk on their own would not be able to produce
the convexi�cation. All results are available from the author upon request.
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scenarios with respect to the baseline model. The change in both the level of the skill prices

and in the relative returns in Scenario III is close in magnitude to the ones estimated from

the ENEU.

Log education prices ENEU (1987-2002) Scenario I Scenario II Scenario III
Basic �3% �2% �7% �2%
Intermediate �5% 3% 7% �6%
Higher 6% 16% 17% 10%

Table 2: Growth of the Log Education Prices in the ENEU Data Between 1987 and 2002
and in the Three Simulations With Respect to the Baseline Model

Log relative education prices ENEU (1987-2002) Scenario I Scenario II Scenario III
Higher versus Intermediate 72% 69% 55% 75%
Higher versus Basic 25% 52% 64% 34%
Intermediate versus Basic �15% 28% 78% �26%

Table 3: Growth of the Relative Log Education Prices in the ENEU Data Between 1987 and
2002 and in the Three Simulations With Respect to the Baseline Model

Overall, the simulations show two important results: �rst, consistently with the prelimi-

nary evidence presented in Section 2.1, the convexi�cation was not driven by changes in the

composition of ability but rather by changes in the prices of skills. Second, the changes in

the prices resulted from the supply response to an increased demand for skilled labour in the

presence of production complementarities between intermediate and higher education and a

relaxation of the credit constraints on the supply of human capital.

I now assess the robustness of both these two results starting with the changes in the

ability composition. The changes in the supply of education that resulted into the convexi�ed

pro�le did modify the ability composition by level of education. Table 4 presents the mean

and the standard deviation of the ability distribution by education at Baseline and in Scenario

III. As expected, the supply increase of intermediate-educated resulted into a sharp decline

of the mean ability level for this group and into an increase in the mean ability at basic

education. Due to the entrance of low-ability individuals together with high-ability ones

the mean ability level did also decline at higher education. However, the reduction in mean

ability at intermediate was of a much bigger magnitude than the one at higher education.
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Therefore, with respect to the Baseline, in Scenario III the ability gap between higher and

intermediate education increased sharply.

Ability by Education Baseline Scenario III
mean sd mean sd

Basic �0:226 0:396 0:311 0:276
Intermediate 0:396 0:314 �0:191 0:436
Higher 0:615 0:283 0:358 0:536

Table 4: Mean and Standard Deviation of Ability by Education at Baseline and in Scenario
III

The quantitative importance of the changes in ability composition is sensitive to the

speci�c ability distribution estimated from the data. There could be a given initial ability

distribution such that a big enough drop in mean ability at intermediate and a big enough

increase in mean ability at higher education would produce a convexi�ed wage pro�le as a

result of compositional changes. We can simulate the model when we arbitrarily change the

moments of the initial ability distribution. However, in the absence of a benchmark value for

the changes in ability composition, it is not clear what a meaningful or reasonable change in

these moments is.

To the best of my knowledge, Binelli, Meghir and Menezes-Filho (2009) is the only paper

that provides an estimate of the changes in the ability composition by level of education in

a Latin American country in the 1990s. Binelli et al. (2009) distinguish between four levels

of schooling and estimate the changes in ability composition by education and birth cohort

during the Brazilian educational expansion in the 1990s.

The estimates of Binelli et al. (2009) provide a precise benchmark of the magnitude of

the shifts in ability composition by level of education in Latin America in the decade of the

1990s and can therefore be used for a robustness test of the quantitative importance of the

changes in the composition of ability to produce the convexi�cation.

I simulate the model at constant skill prices and I compute the changes in mean ability

that would be necessary to produce the convexi�ed pro�le. Unreported results show that the

mean ability level at intermediate education would have had to decrease �ve times more than

the relative decrease in ability at this level that Binelli et al. (2008) estimate for Brazil. So,

it was not changes in ability composition per se to produce the convexi�cation but rather a
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combination of composotional changes and changes in the prices of education with the latter

being of fundamental importance.

I now turn to the second main result of the simulations, that is that the changes in

the prices of education resulted from the interaction between the demand and the supply

of education. As it is clear from equations (12) to (14), the same changes in the prices

of education that characterize the convexi�ed pro�le in Scenario III could be obtained by

changing the share of skilled and unskilled labor so that the demand for education changes

while the supply of education does not. Unreported results show that by keeping the supply

of education constant at the values observed in 1987, the increase in the demand for skilled

labour that was necessary to produce the convexi�ed pro�le would be more than three times

bigger than the 1.35 per cent a year estimated from the data. So, the supply response to the

increased demand for skilled labor was a crucial determinant of the convex shift.

As for the two mechanisms via which the changes in the supply resulted into the changes

in the prices of education, both the production complementarities and the relaxation of

the credit constraints do �nd empirical support. The production complementaries between

medium and highly educated workers are consistent with an economy with two main sectors,

a �rst one that employs low-skilled labor and a second one where production is carried out

by using semi and high-skilled labor. This structure of production is a good description of

the Mexican economy that is characterized by two main sectors: a formal sector of semi and

high-skilled workers and an informal sector of low-skilled workers.40

As for the relaxation of the credit constraints, the decade of the 1990s in Mexico was

characterized by a process of �nancial liberalization and deregulation of the securities mar-

kets, which resulted into an increased availability of consumer credit. Evidence from the

Bank of Mexico shows that in 2002 the amount of credit to consumers was almost double

the size the amount in 1994.41

Finally, the model abstracts from a number of facts that could have potentially been

40By de�ning a worker as "formal" if paying social security contributions in either the private or the public
sector, evidence from the Mexican Employment Survey shows that in the 1990s almost eighty per cent of
formal sector workers have at least completed high school education.
41The most recent available data show that the steep increase in consumer credit continues: at the end of

the year 2008 the total amount of credit to consumers was almost three times the size of the amount granted
in 2002.
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important to explain the convexi�cation. First, I do not model changes in wage setting

institutions such as the minimum wage or the level of unionization. As discussed by Maloney

and Nunez (2003), in Latin America the impact of the changes in labor market institutions

was mainly concentrated at the bottom end of the distribution. It could be that the extent

of the fall of the wages at basic education was limited by the presence of binding minimum

wages. However, with the exception of Colombia, the empirical evidence for Latin America

suggests that in the 1990s minimum wages were not binding.42 The evidence for Mexico

shows that the drop in the mean wages at basic education was of a much smaller size than

the one of the minimum wages: between 1987 and 2002 minimum wages declined in real

terms by around 47 per cent while wages at basic education decreased by less than four

percentage points.

Second, I do not model social welfare programs and education subsidies that give incen-

tives to invest in education. In Mexico the main education programs (the most famous one

being "Progresa" later called "Opportunidades") started at the end of the 1990s, so they

can not the main determinant of the convex wage shift that arise during the 1990s.

Third, I do not model migration. In the 1990s there were vast migration �ows from

Mexico to the US. However, the Mexixo-US migration was mainly an out�ow of low-skilled

workers with two thirds of the adult Mexican immigrants having not completed intermediate

education.43 The low-skilled migration on its own could not explain the double change

in the relative wages even if it could have contributed to reduce the fall in the wage at

basic education and therefore to produce the decline in the relative returns to intermediate

education.44 It could be interesting to disentangle the downward pressure on wages due to

the demand decrease for low-skilled workers and the upper pressure due to the migration of

this type of workers to the US. This is left for future research.

42See Maloney and Nunez (2003) and Bosch and Manacorda (2008).
43Report of the US Center for Immigration Studies, 2001 that is available at www.cis.org
44Also, migration does not seem to be a root cause of the convexi�cation since vast migration out�ows

were observed in the 1990s from Mexico but not from the other countries that were also characterized by a
change of the wage pro�le from linear to convex.
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7 Conclusion

This paper studies a central feature that characterizes the changes in wage inequality in

the decade of the 1990s in many countries: the relationship between log wages and the

level of education convexi�ed. The higher-intermediate wage di¤erential increased and the

intermediate-basic wage di¤erential declined.

These wage changes have important implications for the process of human capital accu-

mulation. The non-linearity of the wage function changes the opportunity costs of investing

in education which becomes pro�table only if college is completed. This may induce the

poor to drop out of school or even not to invest in human capital at all if they cannot a¤ord

�nancing education up to the end of college. In addition, a convex wage pro�le implies that

inequality is growing faster at the top rather than at the bottom of the wage distribution with

increasing bene�ts for the very rich, which raises serious equity and distributional concerns.

I show that the changes in both the relative wages and in the level of wages can be

explained by a two-way interaction between the demand and the supply of education. The

production complementarities between intermediate and higher education are responsible

for the double change in the wage di¤erentials while a relaxation of the credit constraints

explains the drop of the wage at intermediate and therefore the extent of the convexi�cation.

This argument is supported by an empirical equilibrium model of savings and educational

choices estimated with micro-data for Mexico.

The mechanism proposed in this paper cannot pretend to be a complete explanation of

the changes in wage inequality. The intention is not to provide a model that gives a universal

answer, but rather a framework that shows how accounting for the structure of production

and the interaction between the demand and the supply of education is of key importance

to explain the evolution of wage inequality.

Then I believe that the exact mechanisms through which the demand and the supply

interact and result into the observed wage changes are country-speci�c. Two interesting

case studies would be the US and the booming economies of East Asia. In the US changes

in labor market institutions rather than credit constraints45 and complementarities between

45Lemieux (2007) �nds that changes in labor market institutions can account for around a third of the
changes in low-end and top-end wage inequality in the US in the 1990s.
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skilled labour and physical capital rather than between intermediate and higher educated46

could be two important model�s additions to explain the determinants of the convexi�cation.

In the fast growing economies of East Asia an important factor to include in the model could

be international trade.47

Finally, this paper provides a framework to address an interesting and related question

concerning the timing of the convexi�cation. Following the recent empirical literature on

dynamic equilibrium models48, the model could be used to study the economies in transition

from the beginning to the end of the 1990s. The aim would be to explain the dynamics of

changes in the prices and in the distribution of education that resulted into the convex wage

shift. A welfare analysis of who has been winning and losing during the transition and by

how much would complete the quantitative exercise. This is left for future research.

46Using US data and a model of endogenous technological adoption, Beaudry and Green (2005) argue
that capital-skill complementarities could be the main factor explaining the changes in the level of low-
skilled wages and in the high-low skilled wage di¤erential. Beaudry and Green (2003) show that capital-skill
complementarities could be the main determinant of the di¤erences between the changes in wage inequality
observed in the US and in Germany from the beginning of the 1980s to the mid 1990s.
47Wood (2002) proposes a uni�ed theory based on falling co-operation costs between rich and poor countries

that induce a decrease in wage inequality in the lower part of the distribution and an increase in the upper
part of the distribution in the rich countries. Using US data, Anderson, Tang and Wood (2006) provide
supporting empirical evidence to the qualitative predictions of the model.
48See, for example, Lee and Wolpin (2006) and Johnson and Keane (2007).
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NOT FOR PUBLICATION
Appendix A - ENEU

The ENEU (Encuesta Nacional de Empleo Urbano) is the Mexican national employment

survey collected yearly by the Mexican national statistical o¢ ce, INEGI. The ENEU has a

structure similar to the US Consumer Expenditure Survey (CEX). It is a quarterly household

survey that collects individual-level data and it has a rotating panel structure: households

are interviewed for �ve consecutive quarters and in each quarter twenty per cent of the

households are replaced by new households that are interviewed for the �rst time. The

survey started in 1981 with progressive increase of the geographic coverage. The sample is

selected to be geographically and socio economically representative of the Mexican urban

population: by the end of the 1990s it covered approximately sixty two per cent of the

national urban population and ninety two per cent of the cities with population greater than

one hundred thousand people. By the end of the 1990s, approximately seventy four per cent

of the Mexican population lived in urban areas. Recent rounds of the ENEU have national

coverage, but since the earlier ones survey urban areas only, I restrict the sample to urban

areas in all years.

The main questionnaire is divided in three parts. The �rst part collects socio demographic

information on all household members. The second part contains detailed employment in-

formation on individuals at least twelve years old. The third part reports information on the

characteristics of the house of residence with additional questions on the characteristics of the

building, number and type of rooms and ownership status from the 1994 wave onwards. The

employment information is very detailed with several questions on individuals�occupation

status, type and characteristics of employment, sector of main and secondary job, contract

type, number of working hours, monthly earnings, unemployment status and duration and

social security taxes paid by the worker�s employer in the private and public sector. Earnings

are reported net of all labor taxes and social contributions paid in either public or private

funds. I compute hourly wages as the ratio between monthly earnings and hours worked in

the main occupation last month. I de�ate the data using the Mexican national CPI June

2002.
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Appendix B - Solution method

This Appendix describes the method used to compute the equilibrium steady state. The

model is solved recursively by backwards induction from the last to the �rst period of adult

life.

Step 1. Set an initial guess for the vector of skill prices [p1; p2; p3] and assume that future

prices equal current prices.

Step 2. Solve the optimization problem in the last period of work life before retirement

(a = a).

De�ne with V Scha (jP ; jCa ; Aa; p(a); �; za) and with V
Work
a (jP ; jCa ; Aa; p(a); �; za), respec-

tively, the conditional value function of sending the child to school and to work and denote

withW Sch
a (jPa ; Aa; p(a); �; za) andW

Work
a (jPa ; Aa; p(a); �; za) the initial guess for child lifetime

utility as an adult conditional on having sent the child, respectively, to school and to work

in the last period of coresidence. a denotes the age of the parent in the �rst period of adult

life.

Given W Sch
a (:) and WWork

a (:), V Scha (:) and V Work
a (:) take the following expressions:

V Scha (jP ; jCa ; Aa; p(a); �; za) = max
ca

�
U(ca) + ��EzaW

Sch
a (jPa ; Aa; p(a); �; za)

	
s:t: ca = Aa(1 + r) + wjP;a � FjC � Aa+1

jCa = (jCa + 1) = j
P
a (28)

V Work
a (jP ; jCa ; Aa; p(a); �; za) = max

ca

�
U(ca) + ��EzaW

Work
a (jPa ; Aa; p(a); �; za)

	
s:t: ca = Aa(1 + r) + wjP;a + wjC;a � Aa+1

jCa = jCa = j
P
a (29)

where r is the �xed real interest rate on �nancial assets, FjC denotes the �xed costs of

schooling for child education level jC and wjP;a and wjC;a are, respectively, parental and child
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wage at age a given parental (child) education level jP (jC). � denotes the degree of parental

altruism and expectations are taken over next period shock to earnings, z. Equations (28)

and (29) describe the evolution of child education that increases by one unit if the child is

sent to school. The level of child education at the end of the last period of coresidence de�nes

the (�xed) education level throughout adulthood (jCa = j
P
a = j

P ). For simplicity I do not

report the credit constraints (equation (6)) and the terminal condition (equation (7)).

Step 3. Solve the conditional maximization problems in the third, second and �rst

period of adult life.

In the third period child education is a choice variable. The conditional maximization

problems read:

V Scha (jP ; jCa ; Aa; p(a); �; za) = max
ca

�
U(ca) + �Va+1(j

P ; jCa + 1; Aa+1; p(a+ 1); �; za+1)
	

s:t: ca = Aa(1 + r) + wjP;a � FjC � Aa+1

jCa+1 = (j
C
a + 1)

V Work
a (jP ; jCa ; Aa; p(a); �; za) = max

ca

�
U(ca) + �Va+1(j

P ; jCa ; Aa+1; p(a+ 1); �; za+1)
	

s:t: ca = Aa(1 + r) + wjP;a + wjC;a � Aa+1

jCa+1 = jCa

where FjC is the �xed cost of child schooling level jC and Va+1(jCa +1; :) and Va+1(j
C
a ; :) de�ne,

respectively, the expected value over the maximum between the conditional value functions

of the schooling and work alternative in the next period given the decision of sending the

child, respectively, to school or to work in the current period.

They take the following expressions:

Va+1(j
P ; jCa + 1; Aa+1; p(a+ 1); �; za+1)

� Eza+1 max[V
Sch
a+1 (j

P ; jCa + 1; Aa+1; p(a+ 1); �; za+1); V
Work
a+1 (jP ; jCa + 1; Aa+1; p(a+ 1); �; za+1)]
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Va+1(j
P ; jCa ; Aa+1; p(a+ 1); �; za+1)

� Eza+1 max[V
Sch
a+1 (j

P ; jCa ; Aa+1; p(a+ 1); �; za+1); V
Work
a+1 (jP ; jCa ; Aa+1; p(a+ 1); �; za+1)]

In the second period the child is sent to compulsory basic education. The maximization

problem is given by:

Va(j
P ; Aa; p(a); �; za) = max

ca

�
U(ca) + �Va+1(j

P ; 1; Aa+1; p(a+ 1); �; za+1)
	

s:t: ca = Aa(1 + r) + wjP;a � F1 � Aa+1

where F1 denotes the �xed costs of basic education and Va+1(1; :) de�nes the expected

value over the maximum between the conditional value functions of the schooling and work

alternative in the next period given that the child has completed compulsory basic education

in the current period:

Va+1(j
P ; 1; Aa+1; p(a+ 1); �; za+1)

� Eza+1 max[V
Sch
a+1 (j

P ; jCa = 1; Aa+1; p(a+ 1); �; za+1); V
Work
a+1 (jP ; jCa = 1; Aa+1; p(a+ 1); �; za+1)]

where jCa = 1 denotes completed basic education.

In the �rst period of adult life the child is in pre-school. Child education is normalized

to zero. The parent solves the following maximization problem:

Va(j
P ; Aa; p(a); �; za) = max

ca

�
U(ca) + �Eza+1Va+1(j

P ; Aa+1; p(a+ 1); �; za+1)
	

s:t: ca = Aa(1 + r) + wjP;a � Aa+1

Step 4. Compute the new initial guesses for W Sch
a (:) and WWork

a (:).

The solution of the model in steps two and three provides the complete set of value

functions and optimal saving rules for any combination of the state space variables. The

optimal value function in the �rst period of adulthood, Va, provides a new initial guess for

child lifetime utility. Denoting with jCa the level of education of the child at the end of
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the last period of coresidence, Va(jP = (jCa + 1); Aa; p(a)) provides the new initial guess for

W Sch
a (:) and Va(jP = jCa ; Aa; p(a)) provides the new initial guess for W

Work
a (:). Given the

new initial guesses for W Sch
a (:) and WWork

a (:), I repeat steps two and three above.

Given the conditional value functions for the work and schooling alternative, the child

is sent to school when the expected value of investing in schooling is at least as high as the

expected value of sending the child to work, that is when the following condition holds:

V Scha (jP ; jCa ; Aa; p(a); �; za) > V Work
a (jP ; jCa ; Aa; p(a); �; za) 8 a = a_ed; :::a

where a_ed denotes parental age when child education becomes a choice variable.

Step 5. Repeat steps two to four until the following two conditions are satis�ed:

jjV Sch_Itera (jP ; Aa; p(a); �; za)� V Sch_(Iter�1)a (jP ; Aa; p(a); �; za)jj � "

jjV Work_Iter
a (jP ; Aa; p(a); �; za)� V Work_(Iter�1)

a (jP ; Aa; p(a); �; za)jj � "

where " is an arbitrarily small number and jj:jj denotes the distance between the condi-

tional value functions in the �rst period of adulthood in two consecutive iterations.

Step 6. Compute the equilibrium skill prices as marginal productivities of the human

capital factors using the equilibrium conditions set in equations (12) to (14).

Compute a new guess for the vector of the skill prices as a linear combination of the guess

used to solve the model and the equilibrium prices computed in this iteration.

Step 7. Repeat steps two to six with the new guess for the vector of the skill prices.

Stop when the di¤erence between each element of the vector of the equilibrium skill prices

and the initial guess for this price is arbitrarily small.
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Appendix C - Estimation and calibration
This Appendix gives details of the estimation of the wage equations and the production

function and of the model�s calibration.

Wage equations
Given the estimation of the �xed e¤ect regression (21), I can treat as observable the

following:

zij;qr = lnw
i
j;qr � gj(ageiqr)� lnwj;qr � �i (30)

I use the residuals from the wage equation to obtain an estimate of the distribution of the

idiosyncratic shock. I assume that zj;qr is a normally distributed i.i.d. shock with mean zero

and variance �2zj . I use the second moment of the distribution of zj;qr for each education group

to parametrize the distribution of z in the model. For 1987 I �nd b�2z1 = 0:065, b�2z2 = 0:07,b�2z3 = 0:079. Table 5 presents the estimated variances for each year of the sample between
1987 and 2002.

Finally, the coe¢ cients of the quadratic polynomials gj(ageiqr) provide the estimates of

the education-speci�c experience e¤ects in quarter qr. Table 6 presents the (yearly rescaled)

estimates of the age and age squared term for each education group and year between 1987

and 2002.

Table 5: Estimation Wage Equations: Variance of the Residuals (Source: ENEU)

Figure 5 presents the empirical frequencies of � obtained for 1987, the �rst year of the

sample. The �rst and second moment of the distribution of � are used to parametrize the
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Table 6: Estimation Wage Equations: Age Polynomials (Source: ENEU)

Figure 5: Estimation of the Wage Equations: Ability Distribution in 1987 (Source: ENEU)

initial distribution of ability. I �nd b�2� = 0:25 and b�� = 0.
Production function
Panel A and B in Figure 6 report the total number of workers and the wage bills by level

of education for each year between 1987 and 2002. The drop of the wage bills between 1994

and 1996 is the result of the Peso crisis that hit Mexico in 1994: the total wage bill declined

in real terms by around 29 per cent at basic education and by around 35 and 48 per cent at

intermediate and higher education. Wages started increasing again steadily for all education

levels from the end of the 1990s.

Panel A and B in Figure 7 present the series of the estimated skill prices and human

capital stocks normalized to 1987. As in the aggregate wage bills, the impact of the Peso
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crisis does also show up in the skill prices: between 1994 and 1996 the log skill price decreased

by around twelve per cent at basic and by around ten per cent at intermediate and higher

education.

Figure 6: Total Number of Wage Workers and Total Wage Bills by Level of Education in
Mexico (Source: ENIGH)
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Figure 7: Estimated Log Skill Prices and Human Capital Aggregates in Mexico Normalized
to 1987 (Source: author�s calculations based on ENIGH and ENEU data)
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Calibration
Figure 8 reports the complete list of the calibrated parameters together with their value,

a brief description and the target used to calibrate the model.

Figure 8: Model�s Calibration

Parameter Value Description Target 

t 7 years Model period 
Average length working life of 
adult Mexican workers 

r 0.41 Real interest rate 
Average real interest rate US 6-
months Treasury Bills 1990-2000 

β 0.71 Discount factor 1/(1+r) 

γ 0.9 Relative risk aversion 
Elasticity of intertemporal 
substitution estimated for LACs 
(Arrau and Wijnbergen, 1991)  

B 0 Limit on net indebtedness 
Maximum level of credit 
constraints 

λ 1 Parental altruism 
Parent-child dynasties linked by 
fully altruistic preferences 

α 0.35 
Share physical capital in 
production 

Share physical capital estimated 
for LACs in the 1990s (Harrison, 
1996 and Hoffman, 1993) 

F_1 0.035 Fixed cost basic education 
Proportion workers aged 25-60 
with basic education in ENEU 
1987 

F_2 0.26 Fixed cost intermediate education 
Proportion workers aged 25-60 
with intermediate education in 
ENEU 1987 

F_3 0.64 Fixed cost higher education 
Proportion workers aged 25-60 
with higher education in ENEU 
1987 
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