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1. Introduction



Recall A Simple Version of The Education Model

> Suppose that individuals are distinguished by ability, z;
> Drop the subscript i hereafter to be concise

> Individuals decide whether to obtain education, which costs ¢

v

Wage of an individual:
> No education: wy(z) = z
> Education: wy(z) = ag + a1z, withag < ¢
> ag > 0: return from education, irrespective of ability
> a¢ > 1:returns from education by magnifying ability

> Individuals make their schooling choices to maximize wage

v

= All individuals with z > z* = fé;”‘? will obtain education

> For those with z*, two choices are indifferent: z* = ag + a1z* — C

= High-ability individuals are (positively) self-selected into
education

> Note if g > cand a1 < 1, we can have negative selection

v
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[llustration
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FIGURE 1.7. Selection in the One-Factor Model.

(You can also see why self-selection generates selection bias here: a simple comparison

between those w/ and those w/o education is not comparing apple with apple!)
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Generalization

> Above simple model: only one ability, two options, and two
corresponding wage functions

> Now think about, say, majors
> Each major is an option

> Each major has its own skills/abilities
> Each major has its own skill price (wage) on the labor market
> = Multi-dimensional human capital/ability (z,,)

> = Major-specific skill returns (w,)

> Yet, the self-selection is the same: max {z1wq, Zows, ..., Zywy }
> More generally, maxp{w;(z1), Wa(22), ..., wy(2y)} or
maxm{w; (2), wa(2), ..., wu(2)}

> Option-specific costs are abstracted for brevity
> Often say based on "comparative advantage” (a rather ad-hoc term)
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Application of the Roy Framework

> It's call Roy model b.c. Roy (1951) gave the first narrative description
of a framework of this kind (hunting vs. fishing)

> Roy's general framework has been applied to a variety of labor
market settings, including

>

vV VvV VvV VvV

choice of schooling (Willis and Rosen, 1979)

major and occupation choice (Kirkeboen et al., 2016)
choice of industry (Heckman and Sedlacek, 1990)
female labor force participation (Heckman, 1974)
internal and international migration (Borjas, 1987)
training program participation (Ham and LaLonde, 1996)

> In each application, the researchers replace the choice of
"occupation” in Roy’s original paper with a parallel choice to enter

>

>

Core: observed economic relationships should generally be viewed
as endogenous outcomes of numerous optimizing decisions
(Can even combine two or more into a dynamic setting)
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The Nobel Price for Self-Selection (intro for the Public)

LN

Photo from the Nobel Foundation Photo from the Nobel Foundation
archive. archive.

James J. Heckman Daniel L. McFadden

Prize share: 1/2 Prize share: 1/2

The Sveriges Riksbank Prize in Economic Sciences
in Memory of Alfred Nobel 2000 was divided
equally between James J. Heckman "for his
development of theory and methods for analyzing
selective samples" and Daniel L. McFadden "for his
development of theory and methods for analyzing
discrete choice"
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https://www.nobelprize.org/prizes/economic-sciences/2000/popular-information/
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2. Migration



Who Would Migrate?

> Consider immigrants migrating from home country (say, India,
China, or other Asian countries) to US (or Japan)

> Where would these immigrants locate in their home country’s skill
distribution?

> Borjas (1987) formalized the Roy framework and applied it to
migration

> Tradeoff: income in home country vs. income in US - migration cost

> (Of course, in practice, immigration policies, purchasing power, and idiosyncratic
preference all matter a lot! In fact, they are often included in more advanced models!)
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Self-Selection of Immigration

FIGURE 8-4  The Self-Selection of Immigrants

(a) If the return to skills is higher in the United States than in the source country (so that the wage—sKkills line is steeper
in the United States), the immigrant flow is positively selected. Workers with more than s, efficiency units find it
profitable to move. (b) If the return to skills is lower in the United States, the immigrant flow is negatively selected.
Workers with fewer than sy efficiency units emigrate.

Dollars Dollars
Positive Selection
uUs. Source
Country
Source us.
Country
Do Not Move Move Do Not
Move M
ove
Sp Skills Sy Skills
(a) Positive Selection (b) Negative Selection

(Relative payoff for skills across countries determines what skill-type workers migrate) 6/21



Migration Destinations of German College Graduates
Parey et al. (2017)

FIGURE 1.—EARNINGS INEQUALITY AMONG THE HIGH SKILLED: RATIO OF 75TH FIGURE 3.—PREDICTED EARNINGS AND INEQUALITY ACROSS DESTINATIONS
TO 25TH PERCENTILE IN THE EARNINGS DISTRIBUTION OF UNIVERSITY GRADUATES
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75025 ratio, university graduates ‘The figure shows average predicted carnings for migrants to each country and the corresponding 75:25
inequality ratio. Circle sizes are proportional to the number of migrants in each destination. The regression
The figure shows the ratio of the 75th to the 25th percentile in the camings distribution of university  jine reported in the figure is estimated in a weighted regression with weights equal to the number of
graduates. Authors’ i i i i ixtableA-3),  migrants in cach country. The slope coefficient is equal to 0.153 with a standard error of 0.081. An
showing averages over the period 1998 to 2010. Details on data sources and the construction of inequality - ynweighted regression has a slope equal to 0.103 with a standard error of 0.101. For country labels, see
‘measures are reported in section I1IB and data appendix B.1. data appendix table B.2.

(Predicted earnings is constructed through a Mincer regression with a rich set of personal
characteristics; Credit constraints and other migration barriers are unlikely to be binding)
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3. Occupation (The Roy Model)



The Roy Model

>

Each agents possesses two skills (S;, So) with associated skill
prices p; and p» (taken as given)

Assume skill 1(2) is useful only in occupation/sector 1(2): earnings
are Wy = p1S1 +0S,, Wo =051 + poSo

An agent chooses occupation one (0 = 1) if her potential earnings
are greater there, i.e.,, p1S; > P So

Assume the population join distribution of skills is F (Sy, Sz)
> E.g. S1 and S; are log normal with puq, o, Uf, 022 ,and 012 = po1o2

What will F(Si|o = 1) and F(Sz|o = 2) look like?
> Do the people who work in 1 or 2 have highest skills 1 or 2 in the
population?

What will F(Wi|o = 1) and F(Ws|o = 2) look like?

Here, we show a graphical treatment (Sattinger, 1993, sec 3.C)
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https://en.wikipedia.org/wiki/Joint_probability_distribution
https://en.wikipedia.org/wiki/Log-normal_distribution

Positive Correlated Skills in Population (012 > 0)
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Figure 1. Contour Plot of Density of Sector
Performances

(A certain contour line indicates combinations of (Sy, So) with same density)
(The 45° line: pp Sy > p1S1 = So > (p1/p2)St = log(Sz) > log(p1/p2) + 109(S1)k1/21



F(Silo=1)and F(S|o = 2)

Density of

Workers All Workers
04
0.3 Rabbit

Sector
0.2
0.1

Log Rabbits
2 4 6 8

Figure 3. Rabbit Hunting Abilities Among All

Workers and Among Rabbit Hunters

Density of
Workers

2
All Workers

Log Trout
2 4 6 8 10

Figure 4. Trout Fishing Abilities Among All
Workers and Among Trout Fishers

(While agents who choose trout fishing are best fishers in general, agents who select rabbit
hunting are not best hunters in population, but with "comparative advantages” on hunting)

(What will happen if negative correlated skills in population?)
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F(Wilo=1)and F(Ws|o = 2)
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Figure 5. Aggregate and Sectoral Distributions
of Income

Positively correlated skills: more disparity
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Figure 6. Aggregate and Sectoral Distributions
of Income, Case ii with p;, < 0

Log Income
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Negatively correlated skills: less disparity

(In both cases, upper tail is dominated by workers in the high variance sector, and vice versa)
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Self-Selection vs. Random Assignment

(Play the model by yourself through this notebook)

Achieved Income Distribution with Random Assignment

—— Overall (45 with random assignnent)
=== pI#S1 (randonly assigned. non-nornal ized)
=== P51 (randonly assigned, non-nornal ized)

Achieved Income Distribution with Self-Selection

Overall (p#5)
=== pl#S1 (below line)
=== p}#S1 (above line)

Variance for combined p#S: §.5413
0.4860

52 16,2001

Variance for conbined p#5: 67548

Variance for pl#51: 0.7737

Log (Income)

(Heckman and Honore (1990) prove that, under log normal, the pursuit of comparative
advantage reduces both within and overall earnings inequality compared to the case of
random assignments; and aggregate log earnings distributions are right skewed)
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https://colab.research.google.com/drive/133grAWa_FbqngwcbR39qYfwtejW9cnaE#offline=true&sandboxMode=true

Positive Correlated Skills + An Increase in po

Density of
Workers
0.35

0.3
0.25
0.2

0.15 Price of trout
o1 equals one rabbit

0.05

Price of trout equals
one-half rabbit

Log Income
2 4 6 8 10

Figure 8. Shift in Earnings Distribution from
Change in Price of Trout
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Figure 9. Proportions of Workers Leaving
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Return to Major/Fields of Study

> Estimating return to majors is again subject to the problems of
selection based on unobservables (and unordered choices)

> Kirkeboen et al. (2016) leverages the centralized admission system in
Norway: unpredictable admission cutoffs for different fields as IV

> Their findings:
> Widely different payoffs across fields, rivaling college wage premium
> Field of study matters more than rank of institution
> Individuals choosing fields based on comparative advantage
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Admission Cutoffs

ILLUSTRATION OF IDENTIFICATION OF PAYOFFS

TABLE I

Course Ranking Inst. Field Cutoff
Panel A: Fields
1st best A 1 57
2nd best B 1 52
3rd best A 2 48
4th best A 3 45
Application score = 49
Local Course Ranking
Preferred A 2 Yes
Next-best A 3 No
Application score = 47
Local Course Ranking
Preferred A 2 No
Next-best A 3 Yes
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Average Earning around Admission Cutoffs
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Distribution of Earning Payoffs (Offer - Next-Best)
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Ficure VIII Ficure IX
Distribution of Estimated Payoffs ($1,000) to Field of Study Average Estimated Payoffs ($1,000) by Completed Field

Distribution of payoffs among the compliers
for every combination of preferred field and
next-best alternative

Weighted averages of payoffs to different
completed fields across next-best fields
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Distribution of Earning Payoffs Differences (A,B vs B,A)
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Figure XII
Testable Implication of Sorting Based on Comparative Advantage
(Distribution of [ payoffs of A-B among those whose preferred choices are A,B
- payoffs of A-B among those preferred choices are B,A ])
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