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IN THIS LECTURE

How does the Solow model perform across countries?

Does it match the data we see historically?

s there some way that we could improve it?

Yes! We can add human capital accumulation (education)



SOLOW PREDICTIONS

First, the Solow model predicts that we can have sustained
income growth with technological growth (V)




SOLOW PREDICTIONS

Second, it predicts a positive relationship between
investment rate (savings) and income per worker (V)




SOLOW PREDICTIONS

Third, it predicts that countries with higher population
growth will have lower income per worker (v)

Population Growth Rate in Percent



SOLOW PREDICTIONS

Fourth, it predicts that countries will convergence towards
common steady state income level (V)
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CONVERGENCE OF OUTCOMES

But | kind of cheated on the last graph, which only includes
"core" OECD countries
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CLUB CONVERGENCE

So Solow correctly predicts convergence for the rich "club”
of countries, but fails otherwise (X)
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SEPARATE STEADY STATES

e Our assumption was of course that the countries have
identical parameters

e |t could be that different countries have different values
for TDP (z)

e In this case different groups would converge to different
steady states



SOLOW WITH TDP DIFFERENCES

Here we have rich, middle, and poor countries:
Zr > Zm > p

n + dyk*

sz, f(k")
sz, f(k*)

sz,f(k*)




DIFFERENCES IN TFP

What forces can lead to such differences in productivity?

Inability to adopt or inapplicability of foreign technology
(geography, population density, policy)

Misallocation of people or resources: market failures
(monopoly, externalities), discrimination, etc

Hsieh, Hurst, Jones, and Klenow argue that 17-20% of
GDP growth since 1960 comes from improved labor
allocation

Failure of political or legal institutions



INTRO ENDOGENOUS GROWTH

Solow model is an exogenous growth model: does not
take a stance on where differences in TFP (z) come from

We want to introduce an endogenous growth model to
explain these differences

To do this, we will look at the accumulation of human
capital

Human capital differs from physical capital because it is
nonrival: (thankfully) | can teach you guy without having
to forget the material myself



BUILDING BLOCKS OF THE MODEL

e There s a representative consumer who chooses to study
a certain fraction (1 — u) of their time

e Letting the human capital level be Hj, this leads to the
accumulation equation

H! = b(1 —uwH,
e The parameter b captures the efficiency of human capital
accumulation (quality of schools perhaps)



PRODUCTION SIDE

e Thereis also a firm that hires workers and whose output is
proportional to the total amount of human capital
employed

Y = Zl/tHd

e Notice that workers are only working a fraction u of the

time (they study the rest of the time)

e As before, z is the overall productivity of the production
process



PROFIT MAXIMIZATION OF THE FIRM

e Afirm pays a wage w per human capital, so skilled
workers get paid more

e The profits of the firm are then

n=zuH; —wuH; = (z — w)uHy
e Ifw > z, the firm would want to produce oo

Ifw < z, the firm would produce nothing
— In equilibrium we must havew = 7



EQUILIBRIUM WAGE

You could imagine the consumer choosing u in response to
the wage w, but we know that w = z, so we take u as given

it

uH’

cy Un
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w = Real Wage per Efficien

Efficiency Units of Labor



PUTTING IT ALL TOGETHER

e Consumers only make income from wages, meaning
C =wuH’ = zuH
e Human capital will be growth at a constant rate over time
H - H

H
e Meaning while consumption will grow at the same rate

C'-C H -H
C = H

=b(l—u)—1

=b(l—-—u)—1



DO WE HAVE CONVERGENCE

There is no force pushing countries to a common income
level

Rich Country

Poor Country

InC =LnY

Time



EFFECT OF POLICY

The fraction of time spent studying 1 — u acts like a
savings rate, but with time instead of money

Decreasing u (more studying) decreases current
consumption but increases growth rate

Higher b (more efficient schooling) also increases growth
rate

Unlike Solow model, growth rate is not a function of
current level of output



EMPIRICAL VALIDATION

So how well does this match the data?

We can run a regression of GDP growth on years of
education

Yirr

10g< ZY ) = po + P1Sis + D2 Xis + €i
it

Here Y;; is GDP in country i at time ¢, §; ; is years of

schooling, and Xj;; is other control variables

Bils and Klenow (2000) find that #; = 0.003,i.e., one
more year of school leads to 0.3% high growth per year




SIDE NOTE ON LOGARITHMS

e We often see people using logarithms instead of
percentages

1 (Yt+1> Y1 — Y,
0g VS
Y, Y,
e For any function f we can define a Taylor expansion
f(x) = f(xo) + f' (x0)(x — x0)
e Whenf(x) = log(l + x) and xyp = O we find

|
log(1 ~ log(1 + 0) A (x—=0) =
og(l +x) ~ log(1+0) + —— - (x = 0) =



RELATIONSHIP BETWEEN
SCHOOLING AND GROWTH

Average growth rate of GDP per capita, 1960-2000
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INTERPRETING RESULTS

e This can't be taken directly as evidence of causality

e There are three, possibly overlapping, possible
explanations

1. Schooling leads directly to economic growth

2. People, anticipating strong growth, choose to get
more schooling

3. Some third factor (such as effective rule of law)
causes both

e Previous authors find that 1 accounts for about 30% of
relationship (2 might go the other way)



UNDERLYING CAUSES OF GROWTH

e This quickly leads to the question: why do some countries
have more/better education than others?

 And now we're back to the basic questions of what causes
differential economic outcomes

e There are four basic categories of fundamental
explanations for differences (Acemoglu, 2007)

1. The luck hypothesis
The geography hypothesis

2
3. The culture hypothesis
4, The institutions hypothesis



RELATIVE TECHNOLOGY LEVELS
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TECHNOLOGY HETEROGENEITY

e Previous plots show ratio of country's Solow residual to
that of the US

e Countries below the red line have relatively low overall
productivity, but make up for it with high levels of capital
(physical or human)

e Noticeable clustering going from 1980 to 2000



LUCK AND MULTIPLE EQUILIBRIA

e Pure, blind, dumb luck would be a depressing
explanation, and we can't say much about that

e Multiple equilibria can arise from economies of scale in
production

e Increasing marginal product means that if other people
invest, it is better for me to invest too



MULTIPLE EQUILIBRIAIN SOLOW
MODEL

Three stationary points for capital! Only first and third are
stable (robust to small perturbations)

k(t+1)
sf(k(t))+H(1-8)k(t)

k()




CLASSIC COORDINATION GAME

This can also be framed in terms of a discrete choice model

everybody else — high investment  low investment
individual |
high investment |y~ y"” gy — eyt

low investment yl oyl —e - y"




COORDINATION FAILURE

e The high investment equilibrium is better for both people,
l.e., it is Pareto optimal

e Butif other people aren't investing, it is optimal for you
not to invest as well — society can get stuck in bad
equilibrium

e For poor countries simply switch to the high growth
equilibrium? Seems implausible, such "shock therapy"
hasn't worked well in past



PATH DEPENDENCE

Growth is a cumulative process over time, can we
pinpoint the precise point when US and Indonesia (say)
diverged?

It could be that at some point there were two paths (high
growth and low growth) and one was chosen

Having gone along this path, one cannot easily switch to
the other today

This is called path dependence and is distinct from a
coordination failure



TRANSITIONING BETWEEN PATHS

e How then have countries had growth "miracles" in Korea,
Singapore, and others, where they seem to transition
from one path to another?

e Why did China transition to a high growth regime in the
late 70's? Could this be called luck?

e This naturally turns attention back towards changes in
"Institutions, policies, and culture”



EFFECTS OF GEOGRAPHY

e Geography effects the types of agriculture that are
productive in certain areas, less so industry

e The development of agriculture historically may have
affected the political and organizational institutions that
formed, and hence long-term growth (Guns, Germs and
Steel)

e Disease: Jeffrey Sachs and others estimate that malaria

reduces growth rate of sub-Saharan African countries by
2.6% annually



EFFECTO

e \What are institutions?

“Institutions are th

e |nstitutionsinclude po
mechanisms, enacted

FINSTITUTIONS

North (1990, p.3) says:

e rules of the game in a society

or, more formally, are the humanely devised
constraints that shape human interaction.”

itical decision-making
laws, cultural norms, etc.

e Importantly, they are c
inevitable byproduct o

geography

ecided by humans, not the
f exogenous forces such as



INSTITUTIONAL TRENDS

Institutions correlate with present day GDP

Log GDP per capita, 1995
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THEORIES OF INSTITUTIONAL
DEVELOPMENT

We often take institutions (laws, market structure, etc.) as
given in economic models

Some institutions are not obvious or are difficult to
implement (patents for example)

It is interesting to consider how different institutions
might arise endogenously

This will have implications for the differential
development of nations and regions



EFFECTS OF INSTITUTIONS

Endogenous institutions are hard to study
What if one factor causes both "good" institutions and
growth?

Geography/Culture

Economic Outcomes



GEOGRAPHIC TRENDS

Could something like latitude affect both institutions and
growth?

Latitude
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DISENTANGLING EFFECTS

To really see the effect of institutions, we need something
that effects them but not economic outcomes directly

Geography/Culture

Economic Outcomes



LOOKING TO THE DATA

e One such mechanisms is different colonial policies that
administered in different countries

e We'll look at two possible factors that could affect these
policies this but not present day growth (directly)

1. Population density in 1500
2. Disease mortality amongst settlers



EFFECT ON PAST INSTITUTIONS

Population density in 1500 strongly related to legal

Institutions!
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URBANIZATION AND GDP

There is a clear relation between current urbanization and
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REVERSAL OF FORTUNES

We would expect countries that were dense then to have
high GDP because density is highly persistent, but:
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INSTITUTIONAL LEGACY

One very plausible explanation: high density countries got
bad colonial institutions

These persisted as bad present day institutions and
caused lower GDP today

We can tell the same story with settler mortality in
colonies

Acemoglu and Robinson lay out a detailed case in recent
book Why Nations Fail



SETTLER MORTALITY

High settler mortality results in less property rights
protection
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EFFECT ON PRESENT DAY GDP

Today we see the effect in institutions and resulting GDP
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