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Topics

We discussion policy implications of the Romer model:

1. Do policies affect long-run growth?
No - but why not?

2. How much growth is sustainable in the long run?
Not much.

3. Does growth cost jobs?
No.
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Do Policies Affect Long-run Growth?



Policies have level effects

What are the effects of government policies?
We may expect policies to affect saving (sK), R&D (sA), or
population growth (n).
Consider the case of φ < 1, where growth is

g(A) =
λ n

1−φ
(1)

Main result: Policies that affect only saving or investment in R&D
(sA) do not affect long-run growth.
Note: For policies that do not affect R&D the model behaves
exactly like the Solow model.
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R&D Subsidies
Consider a permanent increase in sA.
We must consider two equations:

g(A) = B (sAL)λ Aφ−1 (2)

K̇ = sK Y −d K (3)

Note: Behavior of A is independent of K and Y.
Simplify by assuming λ = 1 and φ = 0 so that

g(A) = B sA L / A (4)

Balanced growth rate:
g(A) = n
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R&D Subsidies

n

A/L(A/L)*
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R&D Subsidies

On a BGP, (4) determines A/L:

g(A) = n = BsAL/A (5)

implies

(A/L)∗ =
B sA

n
(6)

Transition:

▶ As long as L/A is above BGP, g(A)> n is above BGP.
▶ Therefore, g(A) declines over time until it reaches n.
▶ The BGP is stable.
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Transition path after an increase in sA

n

A/L(A/L)*
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Time path of the growth rate of ideas

A period of faster innovation builds up more ideas.
9 / 39



Time path of A

Eventually growth levels off, but the higher level of A remains
forever.
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Policy implications

▶ Patent protection, R&D subsidies, and other policies affect sA.
▶ These policies can raise the growth rate of output, although

not in the long run.
▶ Policies do affect long-run levels of Y/L.

How could the hypothesis that taxes do not change long-run
growth be tested?

▶ it’s surprisingly tricky...
▶ regress growth rates on tax rates?
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Empirical evidence

256 AMERICAN ECONOMIC JOURNAL: ECONOMIC POLICY FEBRUARY 2014

lower to upper incomes with an increase in top income shares but no additional 
economic activity.

Both graphs display no visible correlation between the change in top tax rates and 
growth rates. The countries experiencing the largest increases in top income shares 
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Figure 4. Top Marginal Tax Rates and Growth from 1960–1964 to 2006–2010

Notes: The figure depicts the average real GDP per capita annual growth rate from 1960–1964 
to 2006–2010 against the change in top marginal tax rate. Panel A considers the raw growth rate 
while panel B adjusts the growth rate for initial real GDP per capita as of 1960. Formally, adjusted 
growth rates are obtained by regressing log(GDP) on log(1 − MTR), country fixed effects, a time 
trend and a time trend interacted with demeaned log(GDP). We then estimate adjusted log(GDP) 
by removing the estimated interaction component time × log(GDP). In both panels, the correla-
tion between GDP growth and top tax rates is insignificant suggesting that cuts in top tax rates do 
not lead to higher economic growth. Table 2 reports estimates based on the complete time series. 

Source: Piketty et al. (2014)
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Is Growth Sustainable?



Outlook for U.S. growth

The paper is divided broadly into two parts. First, I present the facts related to the

growth of the “frontier” over time: what are the growth patterns exhibited by the richest

countries in the world? Second, I focus on the spread of economic growth throughout

the world. To what extent are countries behind the frontier catching up, falling behind,

or staying in place? And what characteristics do countries in these various groups share?

1. GROWTH AT THE FRONTIER

We begin by discussing economic growth at the “frontier.” By this I mean growth

among the richest set of countries in any given time period. For much of the last century,

the United States has served as a stand in for the frontier, and we will follow this tradition.

1.1 Modern Economic Growth
Fig. 1 shows one of the key stylized facts of frontier growth: For nearly 150 years, GDP

per person in the US economy has grown at a remarkably steady average rate of around

2% per year. Starting at around $3,000 in 1870, per capita GDP rose to more than

$50,000 by 2014, a nearly 17-fold increase.

Beyond the large, sustained growth in living standards, several other features of this

graph stand out. One is the significant decline in income associated with the Great
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Fig. 1 GDP per person in the United States. Source: Data for 1929–2014 are from the U.S. Bureau
of Economic Analysis, NIPA table 7.1. Data before 1929 are spliced from Maddison, A. 2008. Statistics
on world population, GDP and per capita GDP, 1-2006 AD. Downloaded on December 4, 2008 from
http://www.ggdc.net/maddison/.

5The Facts of Economic Growth

Source: Jones (2016)

U.S. growth has been
constant for a long
time.
But are we on a
balanced growth path?
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Will growth level off?

The basic idea of Jones (2002):

▶ Over the past 100 years, inputs that improve productivity have
been rising: years of schooling; R&D spending / output.

▶ Eventually, these must level off.
▶ Then output growth must slow down.
▶ By how much?
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Growing human capital

Two facts emerge. First, for 75 years, educational attainment rose steadily, at a rate

of slightly less than 1 year per decade. For example, the cohort born in 1880 got just

over 7 years of education, while the cohort born in 1950 received 13 years of education

on average. As shown in the second (green) line in the figure, this translated into steadily

rising educational attainment in the adult labor force. Between 1940 and 1980, for

example, educational attainment rose from 9 years to 12 years, or about 3/4 of a year

per decade. With a Mincerian return to education of 7%, this corresponds to a contri-

bution of about 0.5 percentage points per year to growth in output per worker.

The other fact that stands out prominently, however, is the leveling-off of educational

attainment. For cohorts born after 1950, educational attainment rose more slowly than

before, and for the latest cohorts, educational attainment has essentially flattened out.

Over time, one expects this to translate into a slowdown in the increase of educational

attainment for the labor force as a whole, and some of this can perhaps be seen in the last

decade of the graph.

Fig. 8 shows another collection of stylized facts related to human capital made famous

by Katz and Murphy (1992). The blue line in the graph shows the fraction of hours

worked in the US economy accounted for by college-educated workers. This fraction

rose from less than 20% in 1963 to more than 50% by 2012. The figure also shows

the college wage premium, that is the excess amount earned by college graduates over

nongraduates after controlling for experience and gender. This wage premium averaged
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Fig. 8 The supply of college graduates and the college wage premium, 1963–2012. Note: The supply of
US college graduates, measured by their share of total hours worked, has risen from below 20% to
more than 50% by 2012. The US college wage premium is calculated as the average excess
amount earned by college graduates relative to nongraduates, controlling for experience and
gender composition within each educational group. Source: Autor, D.H. 2014. Skills, education, and
the rise of earnings inequality among the “other 99 percent”. Science 344 (6186), 843–851, fig. 3.

16 Handbook of Macroeconomics

Source: Jones (2016)
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Growing R&D employment

Each of the three measures in the figure tells the same story: the fraction of the pop-

ulation engaged in R&D has been rising in recent decades. This is true within the United

States, within the OECD, and even if we incorporate China and Russia as well.

It is important to appreciate a significant limitation of the R&D data shown so far.

In particular, these data only capture a small part of what an economist would call research.

For example, around 70% of measured R&D occurs in the manufacturing industry. In

2012, only 18 million workers (out of US employment that exceeds 130 million) were

employed by firms that conducted any official R&D.h According to their corporate filings,

Walmart and Goldman-Sachs report doing zero R&D.

So far, we have considered the input side of the idea production function. We now

turn to the output side. Unfortunately, the output of ideas is even harder to measure than

the inputs. One of the more commonly-used measures is patents, and this measure is

shown in Fig. 11.

On first glance, it appears that patents, like many other variables reviewed in this essay,

have grown exponentially. Indeed, at least since 1980 one sees a very dramatic rise in

the number of patents granted in the United States, both in total and to US inventors.

The difference between these two lines—foreign patenting in the United States—is also

interesting, and one testament to the global nature of ideas is that 56% of patents granted

by the US patent office in 2013 were to foreigners.
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Fig. 10 Research employment share. Source: Data for 1981–2001 are from OECD Main Science and
Technology Indicators, http://stats.oecd.org/Index.aspx?DataSetCode¼MSTI_PUB. Data prior to 1981 for
the United States are spliced from Jones, C.I. 2002. Sources of U.S. economic growth in a world of ideas.
Am. Econ. Rev. 92 (1), 220–239, which uses the NSF's definition of “scientists and engineers engaged in R&D.”

h These numbers are from Wolfe (2014).

19The Facts of Economic Growth

Source: Jones (2016)

What happens when these inputs stop growing?
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A Model

Extend the Romer model to incorporate:

1. Human capital in the production of output.
2. Human capital in R&D.

Output production:

Yt = Aσ
t Kα

t (htLYt)
1−α (7)

Then
yt = Aσ/(1−α)

t (Kt/Yt)
α/(1−α)︸ ︷︷ ︸

Solow

ht︸︷︷︸
education

lYt (8)

where yt = Yt/Lt and lY = LY/L is the fraction of workers in this
sector.
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Derivation I

This derivation is just in case you want to know...

Y = Aσ Kα (hlyL)1−α (9)

= Aσ

(
K
L

)α

(hly)
1−α L (10)

Y/L = Aσ

(
K

hlyL

)α

hly (11)

Y/K = Aσ

(
K

hlyL

)α−1

(12)

(
K

hlyL

)α

= (K/Y)
α

1−α A
σα

1−α (13)
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Derivation II

Substitute this back into (11) and note that

Aσ Aσα/(1−α) = Aσ/(1−α) (14)

because 1+ α

1−α
= 1

1−α
. Then we get (8).
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Output growth

What does
yt = (Kt/Yt)

α/(1−α) lYthtA
σ/(1−α)
t (15)

imply for growth of output per worker?
Along the transition:

g(y) =
α

1−α
g(k/y)+g(lY)︸ ︷︷ ︸

empirically about 0

+g(h)︸︷︷︸
>0

+
σ

1−α
g(A)︸ ︷︷ ︸

>0

(16)

We expect g(A) above balanced growth

▶ because R&D inputs are rising over time
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Balanced growth

Balanced growth rate:
g(y) = g(A) (17)

Why?

▶ K/Y and ly must be constant over time (they are bounded)
▶ Assume long-run g(h) = 0 because schooling levels off (strong

assumption).
▶ Normalize σ = 1−α . (why can I do this?)

We expect a growth slowdown:

▶ g(A) will slow down when R&D inputs stop growing.
▶ h will stop growing as education levels off.
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BGP output growth

How much growth is sustainable according to the model?
The balanced growth rate is the same as in the baseline model:

g(y) = g(A) =
λ

1−φ︸ ︷︷ ︸
γ

n (18)

Key point

Transitional growth has several sources:
▶ g(h),
▶ growth of A in excess of balanced growth γn, and
▶ balanced A growth of γn.

Only the γn part is sustainable!
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Derivation: Balanced growth rate

Ȧt = B(lAthtLt)
λ Aφ

t (19)

so that

g(A) =
(htlAtLt)

λ

A1−φ

t

(20)

Balanced growth with g(h) = g(lA) = 0:

g(A) =
λ

1−φ
n (21)

(just like in our textbook model)
We observe: g(y) = 2% per year
Balanced growth: γn where n = 1.2% per year.
So the value of γ determines the slowdown.
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How big is γ?

Key idea (roughly):

g(A) =
(htlAtLt)

λ

A1−φ

t

(22)

▶ We observe g(A) ,h, and LA,t = lA,tLt.
▶ If g(A) was constant over time (roughly true), the we can

estimate γ = λ/(1−φ).

Result: γ ≈ 1/3.

Key implication

Only 1/3 of past TFP growth is sustainable once transitory
increases of h and lA comes to an end.
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Growth accounting implications

Post-war average growth g(y) = 0.02

n = 0.012

Balanced growth = γn = (1/3)×1.2%= 0.4%
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Transition dynamics
We can simulate the model path to find out how rapidly growth
slows down.
Result: Growth slows by half (relative to γn) every 40 years.

where x* denotes the steady-state growth rate of
A.15
This result is convenient for a couple of rea-

sons. First, it allows us to calculate a half-life
for the transition. If research intensity stabilized
today, what would the time path of multifactor
productivity growth look like? How long would
it take the growth rate to fall in half? Table 4
answers these questions for various parameter
values, assuming a constant G-5 population
growth rate of 1 percent and starting from an
initial multifactor productivity growth rate of
1.46 percent, the average value between 1950
and 1993. To begin, we compute the speed of
convergence to steady state using a log-linear
approximation. It should not be surprising given
the result in equation (17) that this rate is given
by !n. Table 4 shows that the associated half-
lives from the log-linear approximation are rel-
atively large numbers, into the hundreds of
years.
The slow rate of convergence suggested by

the log-linear approximation is misleading,
however, as the exact calculations in the rest of
the table show. A typical value is the half-life of
25.7 years for " ! 0.20 and ! ! 1⁄2 . Signifi-
cantly lower values are possible if ! is larger
than 1⁄2 .
The differential equation in (17) for the

growth rate of A can itself be solved.16 The
level of multifactor productivity at time t is
given by

(18) At # A0! x0x* e!nt $ 1 %
x0
x*" "/!

.

This solution allows us to answer another
question of interest. For example, if research
intensity had stabilized in 1950 instead of
growing so rapidly, how much lower would
multifactor productivity be today? Figure
5 plots the time path of At on a log scale to
answer this question, taking the intermediate
value of " ! 0.20. For ! ! 1, the level of
productivity is 32 percent below trend after
50 years, while for ! ! 1⁄4 , the shortfall is 17
percent. These numbers can be mapped di-
rectly to output per worker as well, holding
other things equal.17

15 The key integral result used to solve the differential

equation is #
dx

x"ax $ b#
#

1
b log! x

ax $ b" .
16 This solution uses the same integral result from foot-

note 15.

17 Notice from these results and from those in Table
4 that the convergence to steady state is faster for larger
values of !. Intuitively, recall that this holds " constant.
Therefore a larger value of ! corresponds to a smaller value
of &, which speeds up convergence to steady state.

TABLE 4—THE HALF-LIFE OF MULTIFACTOR PRODUCTIVITY GROWTH

! !n
Log-Linear

Approximation

Exact Half-Life for

" ! 0.33 " ! 0.20 " ! 0.05

1 0.010 69.3 20.6 12.8 3.4
1⁄2 0.005 138.6 41.1 25.7 6.7
1⁄4 0.003 277.3 82.3 51.4 13.5

Note: Half-lives calculated from equation (17) assuming x0 ! 0.0146 and n ! 0.01.

FIGURE 5. THE TRANSITION OF MULTIFACTOR
PRODUCTIVITY TO STEADY STATE

Notes: Log scale. At is calculated using equation (18) as-
suming " ! 0.20, x0 ! 0.0146, and n ! 0.01. The dashed
line reflects constant growth at a rate of 1.46 percent.

232 THE AMERICAN ECONOMIC REVIEW MARCH 2002
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Discussion

How seriously should we take this analysis?
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What Does the Model Contribute?

1. It can make an intuitive argument precise.
The idea: long-run growth should be lower than past growth
because R&D input growth must slow down

2. It can give an idea of magnitudes.
The model is very simple. Assumptions have weak empirical
support.
Read as: “This could be a big deal.”
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Does Growth Cost Jobs?



Does Growth Cost Jobs?

How do we think about this question?

Why do people think growth might cost jobs?
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Falling hours worked

balanced-growth theory, specifying preferences and production possibil-
ities along with a market mechanism to be consistent with the data—al-
ready exists, but we argue that it needs to be changed. A change is re-
quired because of data on hours worked that we document here: over a
longer perspective—going back 100 years or more—and across many
countries, hours worked are falling at a remarkably steady rate: roughly
half a percentage point per year. Figure 1 illustrates this fact for a set of
countries and for hours on the intensive margin (the extensive margin
is rather stationary; we discuss this and other data sources at length in this
paper). This finding contrasts with the postwar United States, where
hours per capita are well described as stationary, but this period is an ex-
ception to earlier US history and to postwar data from other countries.
The persistent fall in hours worked is not consistent with the prefer-

ences and technology used in the standard macroeconomic framework.
Our proposed alteration of this theory is very simple and, on a general

FIG. 1.—Hours worked per worker. The figure shows data for the following countries:
Belgium, Denmark, France, Germany, Ireland, Italy, the Netherlands, Spain, Sweden, Swit-
zerland, the United Kingdom, Australia, Canada, and the United States. The scale is log-
arithmic, which suggests that hours fall at roughly 0.57% per year. Source: Huberman
andMinns (2007). Maddison (2001) shows a similar systematic decline in hours per capita.
A color version of this figure is available online.

research assistance. Boppart thanks Vetenskaprådet (grant 2016-02194) and Krusell thanks
the Knut and Alice Wallenberg Foundation for financial support. Data are provided as sup-
plementary material online.

labor supply in the past, present, and future 119

Source: Boppart and Krusell (2019). See also the VoxEU summary.

Is this evidence of job loss?
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Technologies create 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.

2020 Final Report 10

Source: Autor (2020)
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Middle income jobs are automated

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 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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Does growth cost jobs?

What is the overall answer?

▶ We do not see large numbers of working age persons unable to
find jobs.

▶ But we see displacement of middle skill jobs.

Future automation could render many workers obsolete.
Autor (2020): "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."
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Labor income lags output growth

Today’s concerns originate in what happened after 1980. As 
compared to the earlier period, earnings growth in the past 
40 years has been slow, sporadic, and unequal. Between 1948 
and 1978, U.S. total output per hour of work rose by 108%, as 
shown in Figure 4, an annual growth rate of 2.4%. During the 
same period, average compensation of production and non-
supervisory workers (a stand-in for the median since median 
wages are not available for this period) rose in near lock-
step, increasing by 95%. By contrast, in the subsequent four 
decades, between 1978 and 2016, aggregate productivity rose 
by a further 66% (an annual growth rate of 1.3%), while pro-
duction and nonsupervisory compensation rose by a mere 
10% and median compensation rose by 9%. This growing gulf 
between rising productivity and stagnating median wages is 
often referred to as “the great divergence.”

Within this “great divergence” lurk further disparities of 
race and gender. In this period, white men and white women 
notched the bulk of the modest median wage growth (see 
Figure 5). Specifically, the median hourly wages of white 
men rose by 7% while those among Black and Hispanic men 
rose by only 1% and 3%, respectively. And among women, 
median hourly wages rose by 42% among white women, 
relative to only 25% and 26% among Black and Hispanic 
women, respectively. 

Reported changes in “real” wage levels should be viewed 
as approximate; it is not possible to capture all changes in 
living standards across decades using a single cost of living 
index. Indeed, the true purchasing power of the median 
worker has likely risen faster than these numbers suggest, 
which also means that productivity likely rose faster than 

Figure 4. Productivity and Compensation Growth in the United States, 1948 !– !2016
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Source: Autor (2020)
But the reason for the falling labor share may not be technology.

36 / 39



Reading

▶ Jones (2013b), ch. 5.
▶ The section on the outlook for US growth is based on Jones

(2002).

Optional:

▶ Romer (2011), ch. 3.1-3.4
▶ Jones (2013a), ch. 6
▶ Jones (2005) talks in some detail about the economics of ideas.
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