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Introduction

@ Is education an engine or a consequence of development?

> If reducing access costs boosts development, what are the mechanisms?

@ Previous research:

» Struggles with causality, focuses on elementary education.

> Ignores the role of the firm, GE, and spillovers from large-scale policies.
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Introduction

@ Is education an engine or a consequence of development?

> If reducing access costs boosts development, what are the mechanisms?

@ Previous research:

» Struggles with causality, focuses on elementary education.

> Ignores the role of the firm, GE, and spillovers from large-scale policies.

o This paper: education reform from Brazil, novel mechanism and structural model:

» New evidence on the causal effect of rising college education on development.
» Scarce human capital constraints firm growth: | access costs to college helps firms to expand.

» Quantify the benefits of reducing access costs at the region level.
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Roadmap

© Reform and rich data to assess the development consequences of rising college attainment.

» Exploit heterogeneous effects of reform on college attainment across labor markets.

> 1 Income, 1 white-collar occupations, 1 prevalence of large firms and | agricultural employment share.
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Roadmap

@ Reform and rich data to assess the development consequences of rising college attainment.

» Exploit heterogeneous effects of reform on college attainment across labor markets.

> 1 Income, 1 white-collar occupations, 1 prevalence of large firms and | agricultural employment share.

@ New structural model.

> College attainment, firm size distribution, and aggregate productivity jointly determined.

» Structural estimation of the model and validation using empirical evidence (1) from the reform.

© Quantify the effect of increasing college attainment on Brazil's 2000-2010 growth experience.

» Reducing education costs drives 18% of GDPpc growth and 7% of decline in agricultural labor.
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Related Literature and Contribution

@ The Role of Human Capital in Economic Growth

> Nelson and Phelps (1966), Lucas Jr (1988), Bils and Klenow (2000), Caselli and Coleman Il (2001),
Galor and Moav (2004), Aghion et al. (2009), Kaboski (2009), Jones (2014), Manuelli and Seshadri
(2014), Buera and Kaboski (2012), Buera, Kaboski, et al. (2022), Porzio, Rossi, and Santangelo
(2022). Within-country: Duflo (2001), Hsiao (2022), Akresh, Halim, and Kleemans (2023), Khanna
(2023), Nimier-David (2022).

> Use large-scale education policy to obtain causal effects of higher education on local development.

» Novel model connecting college attainment to aggregate productivity born from firm-level expansion.

> Model validation using empirical analysis as non-targeted moments.

@ Human Capital and Firms.

» Chandler (1977), Bloom et al. (2013), Bloom et al. (2014), Hjort and Poulsen (2019), Akcigit et. al.
(2021), Hjort et al. (2022).

» Evidence on firm expansion from increasing the supply of workers with a college degree.
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Institutional Context: Higher Education in Brazil

1965 1996 2010
| 3

Pre-Reform Post-Reform
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Institutional Context: Higher Education in Brazil

1965 1996 2010
| ___

Pre-Reform Post-Reform
Private Colleges

Non-For-Profit

For-Profit Colleges
Federal Council Colleges Flexible Entry
of Education _ INEP ENADE
*Professional Opening of Colleges 5yr-Accreditation
Organizations & Courses Cycle

Public Colleges

Elite Institutions with limited slots
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Expansion in Private Colleges and Enrollment

(a) Number of Colleges (b) Enrollment
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Expansion in College Attainment of the Youth (25-34 years old)
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Expansion in College Attainment of the Youth (25-34 years old)
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Characteristics of New College Graduates

e Migration to Enrollment

» 95% of college students travel at most 85km to enroll in college.
o Majors

» Business Administration, Accounting, Law, Medicine, and Education.
@ Quality of new colleges

» Distribution of value-added in for-profit (new) and non-for-profit colleges (old) is similar.
o Employment Profile

» Sectors: Services. Occupations: Administrative and Professionals. Job Status: 75% Formal Jobs

» Sector—Occupation Allocation » Major composition » Formality by major » Quality provided » Migration to Enrollment
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Outline

© Empirical Analysis

@ Empirical Strategy
@ Results
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The Effect of College Attainment on Local Development, 2000 - 2010

@ Empirical Specification:
AY, = BAh + X,y + 607 + €,

» AY, : Income growth, structural transformation, growth in the number of firms.
o ldentification concerns: Higher education investment in regions with better growth prospects.

o ldentification Strategy:

© Control for observable growth prospect: initial and pre-trends in development and human capital.
@ Instrumental variable and Diff-in-Diff:

» Data used » Controls
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Empirical Strategy: Instrumental Variable Approach

@ Instrument: Relative scarcity of Colleges before the reform:

B # Colleges, 1991
- #20-29yo with High School but no College, 199

r

o After the reform, private colleges entered those regions where colleges were relatively more scarce.
@ Exclusion Restriction:

» Conditional on X, post-reform, locations where colleges were relatively scarce (lower Z,) had better
development outcomes only because they expanded more college attainment.
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College attainment, income, and structural transformation

Table: Effect of rising college attainment on development

Dep. Variable Income Growth Change Share Working Change Share Working
(logs) in Agriculture in White-Collar Occ.
Panel A: All Cohorts
Ah 0.43%*  0.62%** -0.20  -0.54%** 0.35%%* (. 51¥**
(0.18) (0.19) (0.15)  (0.04) (0.05) (0.02)
Panel B: Young Cohorts
Ah 0.99%*  0.93%** -0.23  -0.53%** 0.80***  0.88***
(0.39) (0.26) (0.15)  (0.04) (0.03) (0.01)
Obs. 486 486 486 486 486 486
Controls No Yes No Yes No Yes
Specification oLS OoLS \% OoLS OoLS \% OoLS OoLS v

Controls 1991 initial development: average income, population, agricultural and high-skill service employment
share, high school attainment, college attainment, and had college dummy. Pre-trend 1991-2000: income,
population growth, change in agricultural and high-skill employment. Uses population weights.
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College attainment, income, and structural transformation

Table: Effect of rising college attainment on development

Dep. Variable Income Growth Change Share Working Change Share Working
(logs) in Agriculture in White-Collar Occ.

Panel A: All Cohorts

Ah 0.43%%  0.62%F% 058 | -0.20 -054%KX _QEI*K | 035FKX  (FIRKE  57RR
(0.18)  (0.19) (0.38) | (0.15)  (0.04)  (0.28) | (0.05)  (0.02)  (0.11)

Panel B: Young Cohorts

Ah 0.99%*  0.93***  0.86* | -0.23 -0.53*** .0.62** | 0.80*** (0.88*** (.88***
(0.39) (0.26)  (0.46) | (0.15)  (0.04) (0.29) (0.03) (0.01) (0.08)
Obs. 486 486 486 486 486 486 486 486 486
Controls No Yes Yes No Yes Yes No Yes Yes
Specification oLS oLS \% OoLS OoLS \% OoLS OoLS v

Controls 1991 initial development: average income, population, agricultural and high-skill service employment
share, high school attainment, college attainment, and had college dummy. Pre-trend 1991-2000: income,
population growth, change in agricultural and high-skill employment. Uses population weights.
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College attainment increases the prevalence of medium size firms

Ayl = BPAh + X T+ 65 + 6, + ub

Table: Effect of College Attainment on Firms

Dep. Variable Growth Number of Firms (1996-2010)
Sample All Firms Small Firms Large Firms
L1-5 L>5
Specification (1) 2) 3) (4) (5) (6)
Ah 0.29%%*%  0.563  0.22%**  (0.25  0.26%** 0.72%**
(0.06) (0.36) (0.05) (0.32) (0.04) (0.23)
R? 0.701 0.700 0.695 0.695 0.736 0.734
Obs. 486 486 486 486 486 486
Method OLS v OoLS v OoLS v

Notes: Includes controls for initial and pre-trend development
and Industry Fixed Effects.

» World Bank Survey » Composition RAIS » College occupations RAIS
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College attainment increases the prevalence of medium size firms

DyP = B°Ahy + X, T + 05 + 0; + ub

Table: Effect of College Attainment on Firms Figure: Growth in Number of Firms by Bin-Size
Dep. Variable Growth Number of Firms (1996-2010) -
Sample All Firms Small Firms Large Firms
L1-5 L>5
Specification (1) (2) 3) (4) (5) (6)
© 6-14
Ah 0.20%%*%  0.53  0.22%%* 025  0.26%*%* 0.72%** s 100
(0.06) (0.36) (0.05) (0.32) (0.04)  (0.23) .
51-100
R? 0701 0.700  0.695  0.695  0.736 0.734 + |
Obs. 486 486 486 486 486 486 ° Tmo
Method OLS v OLS v oLS v

Notes: Includes controls for initial and pre-trend development
and Industry Fixed Effects. i

el EEnit ey ) (12 Coopediien (R4 ) (1> Glltze e RS Notes: Beta coefficients of the IV regression for each bin size.

Alvaro Cox Education and Economic Development August 26, 2024 12 /22




Exclusion restrictions

o Diff-in-Diff analysis: instrument relevant with the reform.

Vit = 0r + 8¢ + Baooole=2000 * Zr + B010le—2010 * Z + X727 + 05 % t + uye

Table: Diff-in-Diff Analysis

Dep. Variable College Attainment (25-34)  Share of People in Agriculture ~ Share of People in White Collar Occ.

Specification (1) (2) (3) (4) (5) (6)
Z *1{t=2000} 4.6 2,03 2.83*
(3.51) (3.84) (1.55)
Z, * 1{t=2010} -16.81*** -17.50%** 12.33*** 12.83*** -13.05%** -13.53%**
(3.61) (3.95) (3.95) (3.90) (1.60) (3.92)
R? 0.856 0.856 0.699 0.699 0.372 0.371
Obs. 958 958 958 958 958 958

Notes: Columns (2), (4) and (6) estimate the specification excluding 1;—»000 * Z,. All specification control for lagged
initial levels of human capital and Development, including the average local income, the population level, the share of
people working in agriculture and high-skill services, the percentage of people who completed high school and college,
and a dummy of whether the location had college pre-reform.
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Taking stock

o Taking stock:

1 college attainment = 1 Income, white collar occupations and prevalence of larger firms
@ From relative effects to aggregate effects.

» Evidence motivates elements of the model.
> Regression coefficients used as non-target moments to validate the model

> Diff-in-Diff D .

[m] = =
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Outline

9 Theory
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A Theory of Higher Education and Local Development
Assumptions:
@ Static model of R locations.
@ Two types of agents, youth (¢/) and old ((1 — %)). Only youth invest in education.
@ Two types of workers, skilled (H) and unskilled (L), no migration.
@ Preferences are homothetic over sectoral aggregates of regional varieties.
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A Theory of Higher Education and Local Development
Assumptions:

@ Static model of R locations.

@ Two types of agents, youth (¢) and old ((1 — %)). Only youth invest in education.
@ Two types of workers, skilled (H) and unskilled (L), no migration.

@ Preferences are homothetic over sectoral aggregates of regional varieties.

Main Components of the Model:

|. College Choice

» Decision based on region-specific returns to college and access costs.

II. Production

» Two tradable sectors: Agriculture (A) and Non-Agriculture (NA).
» The NA sector is endogenously determined by firms heterogeneous in productivity.

» Skilled worker intensity increases with firm size (scarcity of skill induces scarcity of larger firms).
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College Choice

o Individuals heterogeneous in ability €; ~ F(.).

o = wle; — whC,, if College Graduate
w!, otherwise

@ Where €, = % + C,.
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College Choice

o Individuals heterogeneous in ability €; ~ F(.).

w!, otherwise

o = {w,”e,- —whC,, if College Graduate

@ Regional college costs C,, college skill premium & = "‘M’/—7 and college attainment of the youth
h(&,,C,) =1— F (€). Supply of college skill in efficiency units:

H} = | ¥, E [6i|€i > Er] h((:)ra Cr) + (1 - wr)hf - "/Jrcrh(‘:)r; Cr) N,

r

Youth College Skill Old College Skill Local Costs

@ Where €, = % + C,.
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Production

B

@ NA Sector: Heterogeneous firms in z; ~ G,(z) =1 — (7')/\, use H, and L, to produce.

yi =z P (T ok + k)P

@ Where a + 3 < 1 captures the notion of limited span of control, and x helps to determine
differences in demand for college workers by firm size.

hi _ 6o (T, 5 )%
m—o(wr)—/ﬁl( rywr)%
- - +
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Production

B

@ NA Sector: Heterogeneous firms in z; ~ G,(z) =1 — (7')/\, use H, and L, to produce.

yi = Z’.l_a_ﬁl,?_”- (I'rh,- + H)B

@ Where a + 3 < 1 captures the notion of limited span of control, and x helps to determine
differences in demand for college workers by firm size.

h; 25

L =0y( @ )—kO( T, , @ V=L

Imi 0( r ) 1( r r )}/03
- -+

o Define z/(&,) and Z,(©,), productivity thresholds for active firms and firms hiring H, respectively.

| 71_f;ﬁ
oy = 08 (3) T oz e [(@),2(@)
i) = r
9,2 = for z > z,(@,)

r P;la Z
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Optimal composition of labor as a function of productivity
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Optimal composition of labor as a function of productivity

@ A reduction in C, increases the number of firms hiring College Workers.

ﬁ A
L
v(@") H
T @

L

_ hN

V@ L)
B,z z*

9(2)
7, 7z z
o = = = Z= Dacr
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@ Structural Estimation
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Structural Estimation - Roadmap

Structural parameters:

Ql = {’717723 «, 57 )\u K, fev f07 F()}

Region specific college costs and productivities:
Qz - {Cr,ta Alaf,ta Br,ta rr,t}r,t

@ Recover {Q,Q?} using rich administrative data, equilibrium development accounting, matching
moments from the data to the model and calibration.

» Structural Parameters Q1 > Plot of €, » Model Validation
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Structural Estimation - Roadmap

Structural parameters:

Ql = {’717723 «, ﬁv )\u K, f€7 f07 F()}

Region specific college costs and productivities:
Qz - {Cr,ta Alaf,ta Br,ta rr,t}r,t’

@ Recover {Q,Q?} using rich administrative data, equilibrium development accounting, matching
moments from the data to the model and calibration.

o Given 1,02, random shock that reduces 2000 C,, to validate the model.

@ Growth accounting, recompute the aggregate growth keeping C, at 2000 levels.

» Structural Parameters Q1 » Plot of €, » Model Validation
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Model Validation

@ Replicate regressions using the model-generated data.

» Baseline 2000, counterfactual: {Ir 2000, A7 2000, Br,2000}r,¢ and {Cshocky, .

A}/r = ﬂAhr + Xr7 + v

Table: Comparison between model Regression and Empirical Regression

Outcome Data (OLS) Data (IV) Model
Specification (1) (2) (3)
A Average Income 0.59 0.52 0.42
(0.08) (0.40) (0.01)
A % Working Agriculture -0.53 -0.61 -0.41
(0.04) (0.28) (0.02)
A % Working White-Collar 0.51 0.57 0.44
(0.02) (0.11) (0.01)
A log#Firms 0.29 0.53 -0.35
(0.06) (0.36) (0.01)
A log#Large Firms 0.26 0.72 0.50
(0.04) (0.23) (0.01)

< Recovering {Cr }, 4 Recovering {A‘,’, Br}r
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Outline

© Growth Decomposition
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Counterfactual Brazil with high access costs to college

Figure: Counterfactual Growth

0.5 T

GDP per capita

Growth Decomposition
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@ Evidence of heterogeneity in the gains from reducing college costs.

» Taking migration into account » Heterogeneity across regions plot » Heterogeneity across regions reg o &5 =
Alvaro Cox Education and Economic Development




Conclusions

@ New evidence: higher education causes income growth, and labor reallocation outside agriculture.
@ College expansion increases the prevalence of medium-size firms.

@ New theory that connects college education to aggregate productivity gains through the expansion
of firms.

@ The expansion in college attainment accounts for around 18% of the Brazilian development process
between 2000 and 2010.

@ Important complementarities in education investments: Regions with high skill-biased technical
change benefited more from college expansion.
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Other Important Policies

@ SISU - Centralized Online System of Vacancies offered by Public Universities established in 2010.
> Selection based only on ENEM and free of charge.

@ PROUNI - Scholarship program covering 50/100% cost of tuition.
> Requires minimum average score at ENEM, and household income per person must be less than 1.5 or

3 MW.
» Participating colleges have the following benefits and conditions:

* Provide one full scholarship for each of 11 regular students, and use partial scholarships up to 8.5% of

gross income.
* Scholarships must allocate the same share across majors.

* Fiscal benefits and expanded demand.

@ FIES - College loans to students.

» Established in 2001. It was relatively small before 2010.
» Condition: requires a minimum average score at ENEM and household income per person under 3

MW.

Alvaro Cox Education and Economic Development August 26, 2024 1/31



Expansion in College Attainment of the Youth (25-34 years old)

Municipality Commuting Zones - CZ
w |
o 1991 1991
g g
&e 8
0 K 2 3 0 05 i 15 2
Share of Youth with College Degree Share of Youth with College Degree

o = = E = vae
Alvaro Cox Education and Economic Development



Expansion in College Attainment of the Youth (25-34 years old)

Municipality Commuting Zones - CZ
w |
o 1991 1991
2000 2000
g g
&e 8
0 A 2 3 0 05 i 15 2
Share of Youth with College Degree Share of Youth with College Degree

o = = E = vae
Alvaro Cox Education and Economic Development



Expansion in College Attainment

of the Youth (25-34 years old)
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Colleges Before The Reform

(a) Occupancy Rate

(b) Spatial Distribution
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Colleges After The Reform
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Characteristics of New College Graduates

e Migration to Enrollment

Table: Distance Traveled in Km to Enroll in College, by Institution Type

Institution Type Mean Std. Dev. P10 P25 P50 P75 P90

Private NFP 47 195 0 0 0 28 77
Private FP 47 191 0 0 0 27 85
Public 92 274 0 0 0 59 221

Notes: Distance measured in Km. Source:Higher Education Census and Socioeconomic Data from ENEM.
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Most Demanded Majors

* Business Administration and Law had the highest enrollment in Private Universities.
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Same Occupation Sector Profiles for New College Graduates

@ Compare college graduates between 23-34yo pre- and post-reform. Similar job profiles: formal
workers, white-collar occupations, in Business and EHP services sectors.

Figure: Job Profile of College Graduates 23-34yo
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Same Levels of Formality for New College Graduates
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Quality provided

@ Measuring quality differences across colleges:

> Link pre-college test scores (ENEM), college affiliation, and post-college outcomes (RAIS and
ENADE).

Distribution of Exam Value—Added by Institution Type

1.00

0.75
=
2 050
T
a

0.25

0.00

2 : ) i 3 2 : o i :
ENADE value added ENADE value added
Institution Type —— Priv. profit — Priv. nonprofit — Public
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Quality provided

@ Measuring quality differences across colleges:

> Link pre-college test scores (ENEM), college affiliation, and post-college outcomes (RAIS and

Distribution of Income Value—Added by Institution Type
1.004
1.0
0.75
=
2 & o504
2 o
o5
0.25
0.0 o
% By 5 ; % By 3 ;
RAIS value added RAIS value added
Institution Type —— Priv. profit — Priv. nonprofit —— Public
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@ Measuring quality differences across colleges:

> Link pre-college test scores (ENEM), college affiliation, and post-college outcomes (RAIS and

Distribution of Income Value—Added by Institution Type
1.004
1.0
0.75
=
2 & o504
2 o
o5
0.25
0.0 o
% By 5 ; % By 3 ;
RAIS value added RAIS value added
Institution Type —— Priv. profit — Priv. nonprofit —— Public

@ Implications of quality deterioration:

» Deterioration of average quality provided creates attenuation bias relative to a case with no quality

downgrade.
< Bock
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Data

National population censuses 1980, 1991, 2000 and 2010.

@ Higher education census 1995, 2005, 2009-2012.

Matched employer-employee database 1991 - 2014.
@ Microdata of ENEM scores 2009 - 2012.
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Controls Used

Table: Baseline Controls

List of Variables N  mean sd min max
% Adult Population with at least HS, 1991 486 0.09 0.04 0.01 0.32
% Adult Population with College Degree, 1991 486 0.04 0.03 0.001 0.16
% Working Informal Sector, 1991 486 0.60 0.12 032 0.85
% Working in High Skill Services, 1991 486 0.18 0.06 0.05 0.45
A % Working in High Skill Services, 1991-00 486 0.02 0.03 -0.26 0.13
% Working in Agriculture, 1991 486 0.38 0.19 0.01 0.79
A % Working in Agriculture, 1991-00 486 -0.07 0.05 -0.31 0.11
Average Income, 2000 486 236 039 143 341
Average Income, 1991 486 843 045 7.18 10.52
Log Population, 1991 486 1199 0.97 7.43 16.27
A Log Population, 1991-00 486 0.13 0.13 -0.28 1.13
Had HEls in 1995 486 0.44 0.49 0 1

#HEls/# Youth with High School (No College), 1991 486 0.02 0.03 0 .18

Notes: The geographic unit is the CZ. These variables will be used as controls in the empirical

analysis.
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World Bank Survey

Variable Low Education of Workforce
Biggest Constraint One Constraint
Region Brazil LAC World Brazil LAC World
(1) (2) (3) (4) (5) (6)
All 126% 78% 9.8% 749% 28.6% 20.8%
Small Firms 134% 67% 8.6% 71% 28.1% 19.3%
6 to 19 Workers
Medium Firms 124% 9.8% 11.5% 86.3% 27.6% 22.6%
20 to 99 Workers
Large Firms 46% 11.9% 142% 69.9% 36.1% 25%

100+ Workers

Notes: The table provides information on the survey results conducted on a representative
sample of 1,803 firms in Brazil. The survey explores the main constraints firms face to grow.
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College to no college ratio in the RAIS

Figure: College/No-College Workforce Composition

H/L by Firm Size, RAIS
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Occupation of college graduates in RAIS

Figure: Occupation Differences Within Formal Firms
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First stage: instrument, entry, college attainment
@ Private colleges entered under-served locations.

Alog(# Colleges) = aZM' + X,y + 05 + u,

Dep. Variable
Specification

Growth #Colleges
(1) (2)

Z

F-Test

RZ

Obs.

Initial Development
Pre-Trends

0

-120.4%F% 84 5EHH
(10.69)  (11.21)

Growth Number of Colleges, residuals

w |
0.60 0.67 '
486 486
No Yes
No Yes

T T T T
-.0005 0 .0005 .001
#Colleges/High School Youth, residuals
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First stage: instrument, entry, college attainment

@ Faster increase in college attainment.

AR = aZ! 4 Xy + 65 +

8
Dep. Variable Growth #Colleges AhP0-10 (25.34) .
Specification (1) (2) (1) (2) 25
2
Z, -120.4%¥% - _B4.56**F*  _0.18%**  _(.14%** o
(10.69)  (11.21)  (0.04)  (0.04) g
F-Test 21.69 13.01 <
0.00 0.00 g
R? 0.60 0.67 0.56 0.61 S
Obs. 486 486 486 486 <27
Initial Development No Yes No Yes
Pre-Trends No Yes No Yes
S
-.0605 ll) ) .0‘01

Instrument, resid
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Use of population weights

Table: Demographics Across the Instrument Variation

Sample Observations 1991 Pop (1000s)
With Colleges 215 514
With Colleges (Excluding RJ,SP) 213 419
No Colleges 269 133
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Robustness

@ Analysis is robust to controlling for other development drivers studied in Brazil:
» 1991 Trade liberalization (Dix-Carneiro and Kovak 2017).
» Minimum wage increase (Engbom and Moser 2022).

» Introduction of new agricultural technologies (Bustos, Caprettini, and Ponticelli 2016).
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Migration post-college graduation

o Education might complement migration choice (Hsiao 2022).

Sample All Education Groups  College Graduates
Dep. Variable Share Immigrants
z, 384 231 582 401 * Net migration of College Grads:
(8.17) (6.90)  (12.48) (11.48)
R? 0.392 0.668 0358  0.584 | . e _ Emi e
Dep. Variable Share Emigrants NMe _ mmlgrantr - mlgrantr
r Localse
Z 2326%*% 629  38.41%** 1856
(519)  (494)  (10.85) (1L.73)
R? 0.376 0.569 0255 0335
Dep. Variable Net Migration > Corr(Z.,NM;) > 0 — Attenuation Bias.
Z -19.82%  -8.80 3315 -14.94 . .
(11.61)  (9.24)  (20.96)  (19.25) » Corr(Z., NM;) < 0 — Upward Bias.
R? 0.270 0.647 0268 0528
Obs. 486 486 486 486
Controls No Yes No Yes
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Discussion on Exclusion Restriction: Evidence From Firms

o Effect should transpire only when College graduates enter the labor market after 2003.

2014

Ayy P =64 > Bex Z 4+ X 467 + 0] + Au 9%

t=1991

Growth Number of Large Firms

Growth Number of Large Firms with College Workers
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Discussion on Exclusion Restriction: returns to college

@ Strategy aims to control for demand forces — isolate expansion in the supply of skills.

Table: Returns to College

Outcome Change in Returns to College, 2000 - 2010
Specification  Reduced form  OLS v
(1) (2) (3)
Z, 102.75%*
(42.35)
Ah, 0.91%* -4.33%*
(0.46) (2.07)
Obs. 486 486 486
R? 0.141 0.081 0.107

Controls 1991 initial development: average income, population, agricultural and high-skill service employment
share, high school attainment, college attainment, and had college dummy. Pre-trend 1991-2000: income,
population growth, change in agricultural and high-skill employment.

@ A 6% increase in college attainment — 25% reduction in college returns.
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Equilibrium
° Given F( ) and {¢,, N,,C,}, an equilibrium is an allocation {L,,,H?? H,}, and a price system
{w!,&,, P2, P"}, that satisfies equilibrium conditions Vr:

CAGD (5 (o))

wll, = N Lo\ ZTm
2w ) op (ZJ-(WJ-’(Ai’)l) ) e
— nay—1\1—7 1:73;
wiw — [ WA (= (e ™) = | 2T

oy (W.’(A’-“")*l) o y 1\ |
(A = (S () )
(er |:€i|€i Z (:)i + Cr:| h(o_er Cr) + (1 - wr)hf - wrcrh((-‘_)h Cr)) Nr = H,Ei

(0 (5 ) +@-wa-m)n -

imption. and profit maximization |n
August 26, 2024 20/31
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Demand system

@ Preferences follow a two-layer CES structure which delivers the following demands:

C = E _'Yl_i'T‘ . = i ﬂQCS
r Pr Pr r rm Prs r
@ 71 and v, are the sector and variety elasticity of substitution, respectively. Aggregate income in
each r:
T = (VE[ET+ (1 - L)W/ (@7 + (1= h2)) N,
1
Ele] = w! [ ( )+@,h(@,,cr) (E [e,|e,z w_+c,] —c,ﬂ
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The effects of falling access costs to college C, |

Proposition

When fﬁ% > % A reduction in C, has the following theoretical implications:

1. Increases the supply of young college workers.
2. Reduces the equilibrium level of college skill premium @, .
3. The effect on the number of firms hiring college workers, larger in size, increases.

4. Employment in NA sector, both college and no-college, increases.

5. Average income increases.

> Equilibrium Definition
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Structural Estimation Q?: Recovering C
Model provides three moments:

H [, &
Skill demand: r_ (o)
L’rla (DrE [ei - Cr|6i Z Er]
College choice: h.=1-F(E)
Returns to college: 0, =0, E [eilei > €]

Proposition

There is a unique solution to the system of equations (1) - (3) given by:

0 F (1= h) = E [ale = FA1 = h)]

(1)

()
(3)

G =
elr
Solution for &, and I, in the paper.
v
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Estimates of C,

Evolution of college costs C, between 2000 and 2010
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Structural Estimation Q': Estimating \
@ Estimation of A using firm-level administrative data.

Zi — froCr

L +H:(M>&

B

>,

r

@ 1-to-1 relationship between employment and productivity z;. As z; ~ G,(.) Pareto:

G, (d)l’zl - gr < I) =

1-al)= </+f cr)

In(1— G(1)) = A0, — Xin (I + £°¢;)

@ In logs:

@ Specify Iy for different size bins and run a regression to recover A = 1.3.
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Recovering A2, B,

e Using equilibrium conditions, and data on {w/, L2}, and P2, the relative price of A to NA. We can
obtain an expression for A2, A7 :

A? 1 W;YzLar ﬁ
ropPe Zj w; Ly

1

yapgna \ 721
ana [ wHE
ro .Hna

ZjWJHr

o Finally, using the expression we derive for A?? we can obtain B,:

na l-« e * —a—
ap = () ey
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Spatial heterogeneity: college access and income growth

02

Lost Growth with 2000 College Cost

1 | | | | Il 1 1 |
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Complementarity between education costs and technology growth

2010
’

2000—10

lost growth, = 6y + fundamentals;” "~ p; + Afundamentals; P2+ €

Assessing heterogeneity in the reduction in GDP per capita growth

Growth in Aa-| —
Growth in B -
Growth in I ——

Aa in 2000 -
B in 2000 L

Iin 2000 -o-

-.05 0 .05 A
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Structural Estimation Q1

Table: Structural Parameters

Parameters  Target Value
Ability Distribution
F(.) Math Score Distribution ENEM 2009-2012  Lognormal(0,0.16%)
Preference Parameters
o] Sector Allocation of Labor 2.02
Y2 From Pelegrina (2022) 4.8
Production Function Parameters
«a Share of Manufacturing Workers 0.11
B Employment Share of College Workers - US 0.7
A Tail of employment distribution in RAIS 1.3
fe Normalization 0.1
f° Normalization 1
K Normalization 1

Alvaro Cox Education and Economic Development August 26, 2024 29/31



Structural Estimation Q2: Recovering C,

Step 1: Approximate F(.) using distribution of math scores in ENEM exam.

@ Connect three administrative datasets: (i) ENEM scores, (ii) Higher Education Census, (iii) RAIS.
In(yi) = pTi + Xiy + e

o Where T; ~ N(0,1) are standardized test results. | use ¢; = exp(pT;) ~ LogNorm(0, p?).

» College Choice
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Structural Estimation Q2: Recovering C,

Step 1: Approximate F(.) using distribution of math scores in ENEM exam.

@ Connect three administrative datasets: (i) ENEM scores, (ii) Higher Education Census, (iii) RAIS.
In(yi) = pTi + Xiy + e

o Where T; ~ N(0,1) are standardized test results. | use ¢; = exp(pT;) ~ LogNorm(0, p?).

Step 2: Estimate Income differences between H and L, for each r.
Yir = bor + alfDi’;IE + Xl + €ir

where D!'E = 1 if individual i has a college degree.

» College Choice m
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Correction for migration

@ Heterogeneity in the prevalence of migration among college graduates.

All Education Groups College Graduates
@ o © o é .

s ° ° g
S 5
3 o ©%0 o £
SN+ o E
£ @
E g
k=3 3
e S8
5 2
€ 2

]

o

Net-Migration
College Net-Migration

.05 1 . 0 .05 A
Expansion College Attainment Expansion College Attainment

@ Net migration of college graduates creates biased C, estimates.

» Use mobility patterns from the Census to “bring back” individuals to their origin to recover correct C,.
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