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Motivation and Questions

@ Lucas (1988): "Human capital accumulation is a social activity,
involving groups of people in a way that has no counterpart in the
accumulation of physical capital."

@ Neighborhood/local effects: the social environment affects people’s
behavior

@ What is the importance of local effects for human capital dynamics
and therefore inequality and long term economic growth?

@ How and why can different social structures in otherwise identical
societies generate significant differences in long run human capital,
output, growth?
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What we do

@ We embed explicit static networks (social structures) into an
otherwise standard OLG model in which parents invest in the
education of their child

@ Human capital accumulation depends on four factors:
e Investment in education: amount of schooling
o Intergenerational human capital transmission: family background

o Global externalities: knowledge transmission, common school
curriculum

o Local externalities: peer effects, neighborhood externalities

@ Social structures affect the economy through the local externalities
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What we do not do (yet?)

e Endogenous/dynamic network formation

H exogenous endogenous

static v ——
dynamic to do to do
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What we do not do (yet?)

e Endogenous/dynamic network formation

’ H exogenous endogenous

static v ——
dynamic to do to do

@ Strategic complementarities in human capital decision

@ Optimal policies, public policies
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Overview of results

@ If externalities are strong enough and society is cohesive enough,
there exists a balanced growth path with no inequality where the
growth rate ¢* depends only on deep parameters

Cavalcanti and Giannitsarou (Cambridge) Social Structure and Human Capital ESSIM, May 2010 5/52



Overview of results

@ If externalities are strong enough and society is cohesive enough,
there exists a balanced growth path with no inequality where the
growth rate v* depends only on deep parameters

@ (a) If externalities are weak and/or network cohesion is low, there
exist balanced growth paths with inequality, where ¢ > *.

(b) Monotonic relation of growth rate and externalities, non
monotonic relation of growth rate and network cohesion

Cavalcanti and Giannitsarou (Cambridge) Social Structure and Human Capital ESSIM, May 2010 5/52



Overview of results

@ If externalities are strong enough and society is cohesive enough,
there exists a balanced growth path with no inequality where the
growth rate ¢* depends only on deep parameters

@ (a) If externalities are weak and/or network cohesion is low, there
exist balanced growth paths with inequality, where ¢ > *.
(b) Monotonic relation of growth rate and externalities, non
monotonic relation of growth rate and network cohesion

© Higher growth rates associated with high inequality in the long run.

Cavalcanti and Giannitsarou (Cambridge) Social Structure and Human Capital ESSIM, May 2010 5/52



Overview of results

@ If externalities are strong enough and society is cohesive enough,
there exists a balanced growth path with no inequality where the
growth rate ¢* depends only on deep parameters

@ (a) If externalities are weak and/or network cohesion is low, there
exist balanced growth paths with inequality, where ¢ > *.
(b) Monotonic relation of growth rate and externalities, non
monotonic relation of growth rate and network cohesion
© Higher growth rates associated with high inequality in the long run.
@ During transition,
(a) inequality is lower when society is cohesive, and

(b) growth rates can be high even when inequality is relatively low
(star network).
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Outline

Related work

Environment

o Households and firms
e Social structures and network cohesion
e Equilibrium

Results

o Balanced growth path (analytical/numerical)
e Transition (numerical)

Conclusions

Future plans
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The model

@ Time is discrete: t =0,1,2...

@ There is no uncertainty

@ OLGs of agents who live two periods: childhood and adulthood

@ There are n households indexed by i =1, 2, ..., n (constant
population)

@ Adults are assumed heterogeneous in their (initial) human capital hj;

@ Parents can invest in the education of their child
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Households and firm

@ The production technology is linear in aggregate labour
Y: = H,
yie = hi.
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Households and firm

@ The production technology is linear in aggregate labour

Yt == Htv
yiie = hi.
@ Preferences

Ui =Inci +¢Inhiy1, >0
@ Budget constraint

Cit + €itpt = hit.
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Human capital accumulation

@ Lucas (1988): Emphasis on externalities, both global and local

@ Human capital accumulation:

N—

h,’t+]_ = (9 -+ eit)” hl-lt_ﬁl_‘82 /_7‘?1 /_75?
- N~

—~— N—_—— N~
Investment Inherited Global Local
in h capital extern extern.

@ Parameter restrictions: ¢ >0, n >0, p; >0, B, >0, B; +B, <1
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The price of education

@ Any positive and finite price for education clears the goods market
@ We need a price that

@ Makes education more expensive for poor people (de la Croix and
Doepke, 2003)

@ Allows for time variation: education becomes more expensive as
incomes increase (Theil & Chen, 1995)

@ We choose

pt = ht.
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Equilibrium conditions

@ Relative human capital: xj; = hj:/ h;
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@ Optimal investment in education

. :{ 0, ifx,-tgﬁ
it P xie—0 6

Trgy X > gy

@ Optimal consumption

hit, if xip < %
Cit = R .
li 1:’:{) (Xit —|— 9) , If Xit > %

@ Human capital accumulation

higr1 = (60 + e;t)”h}t_ﬁl_ﬁQ Eﬁ.? /_7/?1
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Local externality

o Many ways to model a local externality
o Ad-hoc/reduced form measure hj¢ with relative importance B,
@ Explicit mechanism that generates hj;

@ Our approach: generated as a consequence of the social structure in
the economy

@ Social structure = network
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Networks: some basic concepts

e A network is a set of nodes (here households), N = {1,2, ..., n}
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Networks: some basic concepts

A network is a set of nodes (here households), N = {1,2, ..., n}
Let ajj € {0,1} be a relationship between two households i and j

@ ajj = aji
0 a;=1 if agents 7/ and j are linked and ajj = 0 otherwise

@ The adjacency matrix A has typical element aj; (symmetric matrix
of zeros and ones)

o let G=A+1,
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An example: Bridge network
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@ Assume that households constitute a network described by G
@ The local externality captures the neighborhood effects

@ In its simplest form we can have
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Social structure, local externality and human capital

Assume that households constitute a network described by G

The local externality captures the neighborhood effects

In its simplest form we can have

. 2}1:1 gijhje

hit TR
j=1 8ij

@ l.e. hj is the average human capital of household i’s neighborhood
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Dynamics

o Let ¢, = hyy1/h: be the growth rate of average human capital
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Dynamics

o Let ¢, = hyy1/h: be the growth rate of average human capital
o Let 7y;, = hjry1/ hit be the growth rate for a household /
o Equilibrium fully characterized by

Yit XitY it
Xit+1 = —Xit = T<=p
' e ' %Zkzl Xkt Y ke
it — U _R _ n_ [ X ﬁQ
Tie = <9—|—max{0,¢w}> b <Zjlgjjf>
L+ 97 j=18ij

foralli=1,...,n
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Balanced growth path (BGP)

@ A BGP is defined by imposing that y;, =y, =y forall i =1,..., n.
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Balanced growth path (BGP)

@ A BGP is defined by imposing that y;, =y, =y forall i =1,..., n.
@ Then it must be that x; = x; is constant at the BGP
@ Also, it must be that

1
EIZX,:].

@ Define auxiliary parameters

_ Ui
S

_ IR
¢ = <1+¢17>
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Long run equality

o Growth rate

T =¢(1+06)
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Long run equality

o Growth rate
T =¢(1+06)

e And
xt=1forali=1,..,N

@ Trivially a solution to dynamic system

@ The growth rate at the BGP does not depend on the externalities or
the network structure

Cavalcanti and Giannitsarou (Cambridge) Social Structure and Human Capital ESSIM, May 2010 19 / 52



Long run equality
Proposition 1: Homogeneity

When all households are identical and have equal initial capital hy then the
local externality is irrelevant and the economy is always at the balanced
growth path with equality forall i € Nand t =1,2,....
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Long run equality

Proposition 2: Heterogeneity

Suppose that the population is heterogeneous, i.e. that households may
have different initial human capital. A necessary and sufficient condition
for local existence, uniqueness and stability of the BGP with equality is

that

By +xpy >0
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Long run equality
Proposition 2: Heterogeneity

Suppose that the population is heterogeneous, i.e. that households may
have different initial human capital. A necessary and sufficient condition
for stability of the BGP with equality is that

B, +xBy, >0

What is 67
Summarizes importance of investment in education
for human capital accumulation
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Long run equality
Proposition 2: Heterogeneity

Suppose that the population is heterogeneous, i.e. that households may
have different initial human capital. A necessary and sufficient condition
for local existence, uniqueness and stability of the BGP with equality is

that
By +xpy >0

What is «?
It is a measure of network cohesion
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@ Average intensity of social interacations with household /

1
n = ;Zf/’/
!
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A measure of network cohesion

@ Details in Cavalcanti and Giannitsarou (2010)
@ Intensity of the social interaction of household i with household /:
&il

rj =

I Zj 8ij
@ Average intensity of social interacations with household /

1

n = n Zi:fi/

o Let

fi=ri—"

The larger f; — s are, the more variability there is in the importance
of social interactions in this economy
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A measure of network cohesion

@ Given a network described by G, we define

K =1—p(F)

where p (F) is the spectral radius of the matrix F, with elements f;
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A measure of network cohesion

@ Given a network described by G, we define
K =1—p(F)

where p (F) is the spectral radius of the matrix F, with elements f;
o Important property: 0 < x < 1 for any network.

@ The smaller p (F) or larger x is, the more uniform (and less
fragmented) society is.
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Example 1: Complete network, F = 0

@ Highest cohesion possible, x =1
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Example 2: Double star

@ High cohesion, 1/2 < x < 1, here xk = 0.6190
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Example 3: Star

@ Medium cohesion, xk = 1/2
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Example 4: Many links

@ Low cohesion, 0 < k¥ < 1/2, here xk = 0.2841
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Example 4: Many links

@ Low cohesion, 0 < k < 1/2, here x = 0.2841
@ Note: # links = 13 > 6 = # links of star
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Example 5: Bridge

@ Very low cohesion, 0 < k << 1/2, here xk = 0.1134
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Example 6: Two components

@ No cohesion, xk =0
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Example 7: Empty network

A

@ No cohesion, xk =0
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Long run equality

e Condition for long run equality

B, + kP, > )
S~~~ S~~~
. local externality .
global externality investment

X network cohesion
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Long run equality

e Condition for long run equality

B, + kP, > )
S~~~ S~~~
. local externality .
global externality investment

X network cohesion

@ The stronger the externalities are and the more network cohesion
there is, the easier it is to obtain long run equality
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Long run inequality

@ The dynamic system has potentially many other solutions, but cannot
solve analytically
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Long run inequality

@ The dynamic system has potentially many other solutions, but cannot
solve analytically

@ Numerical investigation:

o If By +xgPBy, >> 4, the unique stable balanced growth path is that of
equality, as given in Proposition 2

o If B; +xgP, =~ J, other solutions may also be locally stable

o If By +xgP, << 4, inequality solutions become stable, depending on
network
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Long run inequality: example

(ST e B SN

Relative human capital, x,

—

Long run inequality

Long run equality b

06 -
Local externalty (p,)
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Growth rate of average human capital
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Long run inequality

Long run equality
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Long run inequality

@ Numerically established properties:
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Long run inequality

Numerically established properties:
Long run growth rate with inequality v > v*
Long run growth rate 7y decreases in 5, and B,

No monotonic (or any) relation between v and x

Growth rates for some networks may be higher than for empty and
lower than for complete

High long run inequality generally associated with high growth rates
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Summary of long run properties

Local externality, By

3< pl+|c [SZ

Long run equality, growth rate v

0 N 1
o Global externality, By
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Transition

1—8,—B, 7B, 7B
Ui =Incie + Y Inhies1, hieys = (0+e) hy, 2B 2Ry

@ We fix values for the three deep parameters:
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@ We fix values for the three deep parameters:
@ Altruism factor: ¢

@ Human capital parameters: 7 and 0

@ We choose them such that in US

e Returns to investment in education is 10%
o Education expenditures to final expenditure is 10.64%
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Transition

1-B,—B, 7B, 1B
Ui =Incie + 90 hiep1, hieys = (0 + &) Thy BBy

@ We fix values for the three deep parameters:
@ Altruism factor: ¢

@ Human capital parameters: 7 and 0

@ We choose them such that in US

o Returns to investment in education is 10%

o Education expenditures to final expenditure is 10.64%

e Assuming long run equality, the annual growth rate of output per
capita is 2% (model period is 35 years)
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The questions we ask

@ What is the relation of network cohesion and inequality/growth in the
short run?
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The questions we ask

@ What is the relation of network cohesion and inequality/growth in the
short run?

@ How do social structures affect growth, long run levels of output and
welfare?

@ Can we get inverted U-curve?
o Experiments:

e Transition when all networks imply long run equality
e Transition when all networks imply long run inequality
e Transition when we switch from one social structure to another
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Transition to long run equality

Growth rate Gini coefficient
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Observations

What is the relation of network cohesion and inequality /growth in
the short run?

@ Monotonic ranking of short-run inequality and network cohesion
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Observations

What is the relation of network cohesion and inequality /growth in
the short run?

@ Monotonic ranking of short-run inequality and network cohesion

@ Non-monotonic relation of ¥ with growth

@ High growth and relatively low inequality for star network (assumes
high human capital at the centre)
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Levels
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Observations

How do social structures affect levels of output and welfare?

@ Long run levels of human capital (and output) depend on:
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Observations

How do social structures affect levels of output and welfare?

@ Long run levels of human capital (and output) depend on:

e initial human capital of each group
e size of each group
o relative importance of local and global externality
e social structure
@ In general there seems to be a trade-off between long run equality
and long run levels of output
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Simulations
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Transition to long run inequality

Growth rate Gini coefficient
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Transition to long run inequality

@ As income levels increase and education becomes more expensive
more and more households cannot afford to educate
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Transition to long run inequality

@ As income levels increase and education becomes more expensive
more and more households cannot afford to educate

@ But one household becomes very educated/rich

@ Neighbors/externalities very important
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Adding one link to bring equality

Two complete components
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Adding one link to bring equality

Bridge network
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Dynamics
Adding one link to bring equality

Growth rate Gini coefficient
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Two (small) extensions/variations

@ Three period model with savings and capital in production function:
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Two (small) extensions/variations
@ Three period model with savings and capital in production function:

o Identical results

e Long run growth rate with a equality smaller, adjusted by discount
factor

@ Case of home schooling:

e Equilibrium investment is constant
o All households invest the same proportion of their income in education
e There is always long run equality

o Networks matter only for dynamics and transition
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Summary and comments

@ Social structure (neighborhood effects) important for the dynamics of
human capital and economic growth
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Summary and comments

@ Social structure (neighborhood effects) important for the dynamics of
human capital and economic growth

@ The "golden" social structure seems to be the star network, which

implies low inequality but also high levels of long run human capital
and output

@ US economy resembles a scenario of inequality and high growth
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Further work

@ The importance of the star network (city and periphery)
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Further work

e The importance of the star network (city and periphery)
@ Policies to move towards golden social structure

@ Endogenous network formation
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