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Topics

We apply the Solow model to study:

1. Cross-country variation in growth rates
2. Implications of automation
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Long-run Growth



Long-run Growth

What does the Solow model imply for long-run growth?

Main result
The principle of transition dynamics
Countries grow faster when they are far below their steady state.

Main reference: Jones (2013), ch. 2, 3

What is the evidence supporting the principle?

▶ One exercise: if countries have similar steady states, their
income levels should converge over time

▶ initially poor countries should grow faster
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Convergence: Evidence

Among OECD countries: those that were initially poor grew faster.
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Empirical Evidence

▶ Should we conclude that transitional growth explains
cross-country differences in output growth?

▶ No!
▶ Figure 5.8 only shows OECD countries - mostly rich Western

European countries + North America.
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Empirical Evidence

No luck for a broad set of countries.
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Empirical Evidence

▶ But figure 5.9 is the wrong experiment!
▶ The Solow model does not say: "poor countries grow faster"
▶ It says: "countries that are poor relative to their steady

states grow faster."
▶ That is true in the data.
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Empirical Evidence

Exercise
For a set of countries gather data on s, n.
Compute steady state output: y∗

Compute output in 1960 relative to steady state: y/y∗

Compute average growth 1960-2000
Plot average growth against y/y∗

What do you expect to find?
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Conditional Convergence

Source: Jones (2013)
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Convergence: Solow Model

0.4 0.5 0.6 0.7 0.8 0.9 1

Y/L relative to steady state

0.018

0.02

0.022

0.024

0.026

0.028

0.03

0.032

0.034

A
v

g
 g

ro
w

th
 o

v
er

 4
8

 y
ea

rs

Prediction from a
Solow model with
capital share 1/3
The fit is not bad,
though the growth rate
varies less than in the
data.

11 / 35



Simulating the Solow Model
High growth rates do not last as long as in the data.
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Simulating the Solow Model
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Convergence is too fast.
In the data, the "half-life" is about 30 years – 10 years in the
model.
Convergence is even faster when the saving rate is endogenous.
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Convergence implications

The Solow model makes a quantitative prediction about growth
rates.

Countries converge fairly quickly to their steady states (perhaps
within 20 years).
Then they all should grow at almost the same rates.

Fact
The Solow model cannot explain why countries grow at different
rates for long periods of time.

“Growth accounting” shows that much of variation in long-run
growth is due to A, not k.
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Did we just invalidate the Principle of Transition Dynamics?

▶ No, we did not.
▶ Countries grows faster when their capital stocks are low.
▶ But this does not account for the observed differences in

long-run (40 year) growth rates across countries.
▶ It does account for growth rates at shorter horizons.
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The Tigers

There are a few countries that sustained growth by capital
accumulation for a long period of time.
How?

It cannot work with a constant saving rate s - the Solow model
shows this.
Such countries must have saving rates that rise over time.
Examples are: South Korea, Singapore, Hong-Kong.
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The Tigers

Source: Jones (2013)
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Convergence and Post-war Growth
One episode where convergence was very fast: growth after WW2

18 / 35



Convergence and Post-war Growth

Convergence to pre-war trends was very fast after WW2
Many countries were back on their trend paths after 5-7 years

Much of the convergence after the initial years was growth in TFP,
not capital accumulation.
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Summary

The Solow model’s main prediction is the Principle of Transition
Dynamics.
In the data:

▶ no unconditional convergence
▶ but conditional convergence (consistent with the model).

But the convergence in the data is mostly not due to capital
accumulation.

▶ the model implies very fast convergence
▶ we see this in the data after capital destruction

Empirical long-run growth rate differences are mostly due to A, not
K.
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Automation



The Issues

Automation / AI create labor displacing innovation.
A new input (robots / AI) takes the place of labor.
The marginal cost of AI is very small.
What happens to the workers?
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A modified Solow model
There is a new input X that represents innovation

Y = AXβ KαLγ (1)

Constant returns to scale:

β +α + γ = 1 (2)

Per capita output:
y = Y/L = Axβ kα (3)

Early innovation: A rises; β = 0.
“New economy:” x rises; β rises.

▶ x gets a larger income share.
▶ capital and labor get smaller shares.
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Law of motion

Capital accumulation is unchanged k̇ = sy− (n+δ )k

▶ This fixes steady state k/y = s/(n+δ ).

Production function:
y/k = Axβ kα−1 (4)

Steady state capital stock:

k1−α = Axβ s
n+δ

(5)
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Factors are paid marginal products

As always with Cobb-Douglas: factor income shares are constant

▶ capital gets α

▶ labor gets γ

▶ x gets the rest: β = 1−α − γ
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Details: factor shares
Labor gets share γ :

w = γAxβ KαLγ−1 (6)
= γy (7)

Capital gets share α :

q = αAxβ Kα−1Lγ (8)
= αy/k (9)

x gets share β :

p = βAxβ−1KαLγ (10)
= βy/x (11)
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“Old fashioned” innovation

A rises by factor λ > 1

β unchanged.

Implications:

▶ k/y = s/(n+δ ) unchanged
▶ k rises by λ β/(1−α) (from the steady state k solution)
▶ w and p (price of x) and y do the same

▶ from the factor price equations

▶ q (MPK) unchanged
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“New economy:” Higher β

To focus on redistribution effect: adjust A so that y unchanged

▶ k/y = s/(n+δ ) unchanged
▶ Then k unchanged
▶ w,q fall;
▶ p rises

Pure redistribution of income from factors to x.
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Combined Effect

Automation: x rises while income is redistributed from factors to x
(β rises).

Distributional effects:

▶ x owners (innovators) get richer.
▶ Wages: may stagnate, even though output rises

▶ labor share declines (true in the data!)

Investment

▶ marginal product of capital q falls
▶ I/Y may fall (but then c/y would have to rise!)
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Policy implications

What has changed relative to old-fashioned A growth?
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Policy implications

A key idea of economic policy

Separate redistribution from efficiency
If you want to redistribute income, use transfers, not subsidies.

One additional concern:
What if the marginal product of some workers falls so much to
make them unemployable?
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Automation

Automation has replaced “routine” jobs.

Figure 6. Employment Growth Has Polarized Between High- and Low-Paid Occupations

CHANGES IN OCCUPATIONAL EMPLOYMENT SHARES AMONG WORKING-AGE ADULTS, 1980""–""2015
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Figure is constructed using U.S. Census of Population data for 1980, 1990, and 2000, and pooled American Community 
Survey ( ACS ) data for years 2014 through 2016, sourced from IPUMS (Ruggles et al., 2018). Sample includes working-age 
adults ages 16 – 64 excluding those in the military. Occupational classifications are harmonized across decades using the 
classification scheme developed by Dorn (2009).

Figure 7. Low-Skill Workers in the U.S. Receive Lower Pay Than in Other Industrialized Countries

PPP-ADJUSTED GROSS HOURLY EARNINGS OF LOW-SKILL WORKERS IN THE U.S. AND OTHER OECD NATIONS
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Automation also creates new jobs
Figure 2. More Than 60% of Jobs Done in 2018 Had Not Yet Been “Invented” in 1940
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Source: Autor, Salomons, and Seegmiller, 2020.

Second, automation drives productivity increases that 
raise total income in the economy. Much of this income 
is then spent on additional goods and ser vices — larger 
houses, safer vehicles, better meals and entertainment, 
more frequent and distant travel, further education, and 
more comprehensive healthcare. All of this consumption 
demands workers and hence raises employment. 

Finally, and perhaps most profoundly, even as automation 
eliminates human labor from certain tasks, technolog-
ical change leads to new kinds of work. New goods and 

ser vices, new industries and occupations demand new 
skills and offer new earnings opportunities. A century ago, 
there was no computer industry, no solar energy jobs, no 
television networks, and no air travel sector. Automobiles, 
electrification, and home telephones were only becoming 
commonplace. In the past century, new industries, prod-
ucts, and services have generated vast numbers of new 
jobs, often demanding higher skill levels and paying higher 
wages than those that preceded them. These innovations 
transformed the economy.
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What does the future hold?

We don’t know.
"No economic law dictates that the creation of new

work must equal or exceed the elimination of old work.
Still, history shows that they tend to evolve together." –
Autor (2020), p. 12
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