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Fully Grown: Why a Stagnant Economy is a Sign of Success, Dietrich Vollrath (2020)  

The average growth in the late 1800s, when the US 
economy was dominated by agriculture, was about 2% per 
year. Between 1900 and 2000 it was also 2%. For the 2 dec-
ades of the 21st century, however, it has been around only 1%, 
half of what several generations of Americans experienced in 
the past. 

Physical capital is the stock of physical assets like 
buildings and machines but also of intellectual property like 
software. Human capital growth was slower in the 21st cen-
tury than the 20th, and by itself can explain at least 0.8 point 
of the 1.25 point decline in the growth rate. Residual growth 
(productivity) captures everything else.  

The drops in growth have mostly to do with things 
that went right. GDP per capita has been growing, with few in-
terruptions, for as far back as the data goes. The value of 
goods and services we produce every year, per person, is 
about 3 times larger than in 1950 and 7 times larger than in 
1900. That success, though, is one of the primary drivers of 
the growth slowdown. It changed how we build our families. 
As material living standards improve, fertility rates fall. The 
drop in human capital growth in the 21st century, and hence 
much of the growth slowdown, is the result of that fall in birth 
rates. The ratio of workers to population fell, and hence the 
growth rate of human capital fell during the 21st century. As 
goods became cheaper and we filled our houses with them, our 
spending turned toward services. The flow of workers out of 
producing goods didn’t failure; it is a consequence of our own 
choices about what to spend our money on. 

Most service industries have low productivity 
growth, and most goods-producing industries have high 
productivity growth. For services, labor is part of the product 
itself. The combination of the shift into services and the de-
cline in fertility rates had the unintended consequence of drag-
ging down the growth rate in the 21st century. Over the past 
few decades there has been a decline in the volume of turnover 
in the number of firms and jobs in the economy and fewer 
movements of people from one job to another. More turnover 
associates with faster productivity growth. There has also been 
a rise in the market power of firms over the past few decades. 
Economic profits have risen steadily since at least the early 
1990s—a sign of increased market power. 

Technological growth is not synonymous with 
productivity growth. There is evidence that the effort neces-
sary to produce innovative technologies—faster semiconduc-
tors, higher plant yields, or new drugs—rose over time. Across 
states, there is no evidence that those with tighter regulatory 
conditions or higher tax rates grew at a slower rate than those 
with better business environments.  

Production depends on the amounts of input we 
use—physical and human capital. The most common way to 
compare or add the skills of one profession to another is years 
of schooling. Each year of schooling tends to raise someone’s 
wage by 10%. This works like compound interest, so that 
someone with a high school education, or 12 years of educa-
tion, would be presumed to have about 213% more human 
capital than someone who had not attended school at all. Also, 
when workers are new, each additional year of experience 
adds about 5% to their wage. But by the time workers have 10 

years of experience, that number is down to about 3.6% per 
year, and it drops to 2.2% after 20 years. By the time a worker 
has more than 30 years of experience, the return on an addi-
tional year falls to zero. This is consistent with the fact that 
most workers reach their peak earnings in their late 40s or 
early 50s. A worker with 10 years of experience has 53% 
more human capital than one with no experience. So, the 
amount of human capital being used in the economy fluctuates 
with the age structure. What really matters is the stock of hu-
man capital per capita.  

The major pattern is the leveling out of human capital 
per capita starting around 2000. The value in 2016 was about 
the same as in 1998, indicating that it did not grow during 
those 18 years. From the mid-1960s to about 2000, the growth 
rate of human capital per capita was about 1–1.5% per year. 
Around the early 2000s—before the financial crisis of 2008–
2009—that started to fall. The big dip in the growth rate in 
2010 reflects the severe drop in total hours worked during the 
recession, and since then, it has stayed negative. This reflects 
the fact that baby boomers are starting to retire.  

Physical capital consists of all the things used to pro-
duce GDP and not consumed in the process. Physical capital 
stock includes residential housing but excludes durable goods. 
Total physical capital sums the total amount of real GDP spent 
on acquiring the capital in the first place, adjusted for depreci-
ation. Structures, both residential and nonresidential, are by far 
the biggest components of capital stock. Private residences 
have always been the largest stock of capital, about 45% of the 
entire capital stock in 2009. Nonresidential structures—things 
like factories, strip malls, and office buildings—were about 
1/3 of the capital stock in 2009. The failure of the growth rate 
of physical capital to rise after the financial crisis is a source 
of continued slow growth in real GDP.  

Slower growth in physical and human capital ex-
plains much of the growth slowdown. But there is some resid-
ual explanation for the growth slowdown that they cannot ex-
plain. The elasticity of real GDP with respect to capital stock 
measures the % by which real GDP would rise if we raised an 
input by 1%. Elasticities for physical and human capital must 
add up to 1. If we can find one elasticity, we can solve for the 
other. For example, if the elasticity for human capital is 0.6, 
then a cost-minimizing firm will spend 0.6 (i.e., 60%) of its 
costs on human capital in the form of wages and the other 0.4 
(i.e., 40%) in physical capital. We’ll use a cost share for physi-
cal capital of 0.35 and 0.65 for human capital.  

From 1950 to 2000 the average growth rate of physi-
cal capital per person was 1.83% per year. Multiplied by the 
elasticity of 0.35, this means that real GDP per capita should 
have grown at the rate of 0.64%. Human capital per person 
grew at 0.96% per year. With an elasticity of 0.65, this means 
that real GDP per capita should have grown at 0.62% per year 
solely because of growth in human capital. There was residual 
growth of 2.25% − 1.26% = 0.98% per year. Much of the 
growth in living standards over time was due to the increase in 
this residual. It is clear that the slowdown in human capital 
growth and  residual growth are responsible for the growth 
slowdown.  
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The most important explanation for the growth slow-
down was the decline in the growth rate of human capital per 
person. The most obvious outcome of aging is a decrease in 
the number of workers relative to population, which in turn re-
duces the amount of human capital per person. Ever since 
1970 about 4/5 of each generation has completed basic sec-
ondary schooling. In the early 1990s, only 20% of those age 
25 and older had completed 4 years of college or more. By 
2015, that rate was 32.5%. Between 1960 and 1980, the sup-
ply of workers with college degrees relative to those with just 
high school degrees grew at 3.77% per year. From 2000 to 
2016, the contribution of human capital was −0.15% per year, 
and the reason human capital is a major explanation for the 
growth slowdown. 

 
Table 5.1 Accounting for growth in human capital per person, over 
time  

Contribution to growth (%)  
Human capital  

Time period per capita  Education Experience Workers   Hours  
1950–2000     0.96         0.70             0.05                0.45  0.24  
1950–1960     0.08         0.62             0.23              –0.63  0.13  
1960–1970     0.95         0.87          –0.18                0.54  0.28  
1970– 1980    1.64        0.92           –0.27   1.62  0.64  
1980–1990     1.26         0.57             0.11   0.70  0.12  
1990–2000     0.88         0.55             0.35                0.01  0.03  
2000–2016   –0.15         0.31             0.08              –0.35 0.19 
 
 The last column shows that declining hours worked 
per week subtracted from the stock of human capital over the 
period from 1950 to 2016. We are working less per week as 
we get richer, but it does not appear to be unique to the period 
of the growth slowdown. Population aging accounts for 4/5 of 
the decline in the labor force participation rate from 2007 to 
2017. Slower human capital growth can explain much of the 
growth slowdown, and the fall in fertility rates during the 20th 
century can explain much of that slower human capital 
growth. The fertility decline is a reaction to rising living stand-
ards in a very broad sense--a symptom of success. The crucial 
input to raising kids is time. The cost of each child is the earn-
ings forgone by the family because of the time spent raising 
the child. As wages rose, so did the marginal cost of having an 
additional child as parental time became more valuable. 
Higher wages are associated with later ages of marriage for 
both men and women, and smaller family sizes are in part a re-
sult of families having fewer years available to have children. 
For almost 2 centuries, fertility rates have fallen in lockstep 
with increases in GDP per capita (and wages) across all devel-
oped countries. 
 The spread of labor-saving household appliances 
changed the opportunities available to women. These technol-
ogies enabled women to enter the workforce more easily. Fur-
thermore, they made remaining single a more attractive situa-
tion—for both men and women— and contributed to the delay 
in the age of marriage and a reduction in the marriage rate 
overall. The major factor behind the fertility decline was the 
increase in women’s control over their own fertility decisions. 
The most notable example of this was the availability of birth-
control pills beginning in the 1960s and 1970s. The current 
growth slowdown is the manifestation of successful economic 
growth and improved women’s rights during the 20th century. 

Rising living standards and women’s reproductive rights ex-
plain about 2/3 of the 1.25% point drop in the growth rate of 
GDP per capita from the 20th to the 21st century.  

Residual growth and productivity growth are syno-
nyms. Moore’s law implies that the growth rate of transistor 
density has been constant (at about 35% per year) for almost 
50 years. While this rate has been constant, the research effort 
to achieve that growth has gone up by a factor of 80 in that pe-
riod. Innovation also got harder over time. There is a similar 
story in other fields. Agricultural yields--research effort put to-
ward raising yields grew by a factor of between 6 and 24. In 
medicine--research effort rose by a factor of 16 between 1970 
and 2015, whereas the growth rate of new molecular entities 
introduced stayed about the same over time. In each case the 
growth rate of innovations is constant over time, not falling. 
The number of researchers per thousand employees grew from 
about 5 (i.e., about 0.5% of employees were researchers) in 
1981 to about 9 by 2015. The first explanation involves the 
long-run shift in the composition of our spending away from 
goods and toward services. The shift occurred because we be-
came so good at producing goods that they are now very, very 
cheap, so we don’t need to spend much on goods anymore.  

Market power accounts for about half the drop in 
economy-wide productivity growth. The rise in market power 
of firms over the past few decades is the average markup—the 
ratio of price to marginal cost. This charge by firms in the 
economy has increased since 1990. The reallocation of human 
and physical capital between different uses has slowed down. 
Alongside this, both the arrival of new businesses and the 
closing of old ones has slowed over the same time period. This 
decline in dynamism  occurred over the same time period as 
the growth slowdown. While not everything contributing to 
the productivity growth slowdown represented a success, most 
of the productivity growth slowdown was. 

Industries that represent the fast lane, with high 
productivity growth of their own tend, to be associated with 
producing goods. Low productivity growth tends to be associ-
ated with producing services. We’ve been merging from the 
fast lane into the slow lane as work shifts out of goods-produc-
ing industries and into service-producing industries. Manufac-
turing employed about 20% of the workforce in 1980, but as 
of 2017 employed only about 9% of the workforce. 

Manufacturing’s share of GDP steadily declined from 
around 23% in 1970 to about 12.5% in 2015. Health and social 
work is made up almost entirely of the health-care industry. 
This industry doubled its value added share of GDP from 
around 4% in 1970 to around 8% in 2015. Professional ser-
vices went from 5% to 10% of the economy, and information 
and communication grew from about 4% to 6%. In combina-
tion, these 3 industries, are the mirror image of the drop in 
manufacturing.  

Moving from goods to services was responsible for 
some of the slowdown in productivity growth. Agriculture 
(0.91%), mining (3.02%), and manufacturing (1.36%) produc-
tivity growth rates are among the highest in the economy. 
Construction has one of the worst productivity growth rates, 
−1.70%, of all industries.  

During the 20th century, the weights on high-produc-
tivity industries were much higher, so productivity growth was 
higher as well. The shift into services during the 21st century 
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shaved about 0.2% off of productivity growth, which accounts 
for most of the drop in productivity growth behind the growth 
slowdown.  

The basic source of differentiation between goods 
and services resides in the role played by labor. In some cases 
labor is primarily an instrument for attainment of the final 
product, while in other fields of endeavor the labor is itself the 
end product. The cost disease of services means that the rela-
tive cost of goods keeps getting smaller compared to services. 
Higher education prices went up by a factor of 12 in 2016 
compared to 1980, while health-care costs were higher by a 
factor of 5. Food service had prices 3 times higher. The de-
mand for services is income elastic, while the demand for 
goods is income inelastic. As people get richer the mix of their 
spending shifts toward services. Because services have diffi-
culty improving productivity compared to goods, this means 
that we merge from a fast lane into a slow lane of productivity 
growth. Durable (e.g., dishwashers, cars) and nondurable 
goods (e.g., food, clothes). Market power is the share of GDP 
paid out as economic profits over time. We account for GDP 
as a combination of physical capital, human capital, and 
productivity. But we can also measure GDP from the income 
side by asking who got paid for providing all that capital, Eco-
nomic profit is earnings above what was necessary to pay for 
the inputs used in production. If a firm can charge more than 
its costs, it has market power.  

Market power is a measure of how close the coffee 
shop can set the price to the maximum you’ll pay. Compare 
that to the lowest price a firm will accept--its marginal cost. 
Economists call this ratio a markup. From 1950 to 1980 the 
average markup across all firms was about 1.18. But starting 
in 1980, the average markup started to rise almost without in-
terruption. From 1950 to 1980, the 10% of firms with the 
highest markups averaged about 1.50. By 2014 it was 1.67. In 
contrast, the top 10% of firms with the highest markups aver-
aged over 2.5--driven by firms at the top end. Economic prof-
its were the total payouts made by firms that were the combi-
nation of dividends (direct payments to shareholders) and 
share buybacks. Total payouts made by firms were equal to 2–
3% of assets during the 1970s. Following that payouts rose to 
around 4% of assets in the early 2000s and closer to 6% of as-
sets in 2016, mostly driven by an increase in share buybacks. 
Investment by firms in new capital fell over the past few dec-
ades. This implies that most of the payouts to shareholders 
represent economic profits.  

Economic theory tells us that when firms have mar-
ket power, they restrict the amount of goods produced. What 
explained the overall rise in markups from 1.18 to 1.67 was 
spending shifts away from firms with low markups toward 
firms with high markups. A high markup indicates a product 
that is very valuable relative to its marginal cost. The shift in 
spending toward high markup shows up as an increase in 
productivity growth. About half of observed growth in produc-
tivity in the 21st century can be attributed to the shift toward 
high-markup firms and markets. Faster productivity growth 
and a wider gap between actual and maximum productivity are 
both consequences of an increase in market power.  

Net investment is spending on new physical capital 
goods minus the loss of capital due to depreciation. Operating 

surplus is the combination of payments to capital and eco-
nomic profits--the total amount that firms have available to in-
vest. The more concentrated an industry is in a few larger 
firms—and the greater the market power of any individual 
firm—the lower net investment is. More institutional owner-
ship is associated with less R&D spending.  

Standard inputs are what economists call rival goods, 
which means that if an input is being used here, then it cannot 
be used there at the same time. Software is a notable example 
of a nonrival technology. Nonrival property makes nonstand-
ard inputs the key to growth. Elasticities are less than 1—that 
is, 0.35 for physical capital and 0.65 for human capital—be-
cause of the rival nature of standard inputs. Economic growth 
would disappear if we didn’t have increasingly nonrival ideas 
and plans, the ability to prevent others from using them. The 
end result of nonrival goods is market power. One example is 
software. The marginal cost of producing Microsoft Word is 
zero. Another example is Pharmaceuticals. Without R&D, 
there are no nonrival innovations or productivity growth.  

There is a sweet spot at which firms have just enough 
market power to reward them for innovating but not so much 
that they avoid the pressure of staying ahead of competitors. 
Patent activity was very low among industries with both very 
low markups (i.e., lots of competition) and very high markups 
(i.e., very little competition). Intellectual property rights 
(IPRs), which cover patents, copyrights, and the like, is the 
catchall term for legal structures that create that excludability. 
Productivity growth is growth in output beyond that accounted 
for by increased inputs. Reallocations of inputs across estab-
lishments are important to productivity growth within indus-
tries. It accounted for about 40% of total productivity growth 
in good-producing industries. The replacement of low-produc-
tivity retail locations with higher-productivity establishments 
was central to productivity growth in the retail industry.  

From 1997 to 2014 the decline in turnover could have 
shaved about 0.1 to 0.15% each year off of the growth rate of 
productivity. Large urban agglomerations tend to be the most 
productive places in the economy. From the perspective of 
economic growth, the best strategy is to make the big, produc-
tive cities even bigger. The population of the US has been 
moving south and west over time, gaining warm winters and 
letting the air-conditioning take care of the hot summers. This 
puts a drag on productivity growth because while people are 
moving to cities in the South, those cities are not the most pro-
ductive. 
What matters for determining where people live is the elastic-
ity of housing prices with respect to population. Dallas has 
low elasticity in part because there are almost no geographic 
limits to its expansion. San Jose, San Francisco, and New 
York. Total GDP would have been 3.7% higher in 2009 if just 
these 3 cities had more elastic housing markets. The rise in 
housing restrictions started around 1990.  

Corporations move their innovative activity from 
state to state in response to tax rates. The effects are weaker 
when there are agglomeration effects in innovation. Supply, in 
particular the decision to participate in the labor market, ap-
pears to be driven by age and family structure, which means 
little scope for tax rates to change whether people work or not. 
Married women appear more sensitive to tax rates than other 
groups.  
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The Environmental Protection Agency is responsible 
for as many regulations as the next 2 agencies (Internal Reve-
nue Service and Occupational Safety and Health Administra-
tion) combined. Firms want to invest in cities with big markets 
and do so even if it means facing higher tax rates or more reg-
ulation, because scale can dwarf the effects of both.  

41% of the top 0.1% of earners are executives of non-
financial firms. Another 18.4% are finance professionals. By 
comparison, only 3.1% of the top 0.1% are in sports, media, 
and the arts combined. The increased importance of wages 
within top-end income, and the rise in inequality overall, is 
driven by the salaries and other compensation (e.g., stock op-
tions) awarded to top executives and financial professionals. 
The very rich tend to save a greater fraction of their income 
than the very poor. Concentrated income thus leads to more 
savings and in turn more physical capital. Between 2000 and 
2013, 80% of kids with family incomes in the top 20% at-
tended college right after high school, whereas only 50% of 
kids with family incomes in the bottom 20% did so. Richer 
households or individuals tend to spend a greater share of their 
income on services than poor ones.  

People did not move out of commuting zones that ex-
perienced losses from trade but stayed unemployed or exited 
the labor force. Between 1990 and 2007 international trade ac-
counted for about 21% of the decline in manufacturing em-
ployment. Increased trade from 1990 to 2007 lowered the per-
centage of people in the labor force, regardless of industry, by 
about 1% point. 
 
Table 17.1 Accounting for the growth slowdown, 20th to 21st century  
Growth rate (%)    Explanation  
  2.25   Average growth from 1950 to 2000  
–0.80   The effects of smaller family sizes and aging  
–0.20   The shift from goods to services  
 -0.15   The decline in reallocation of workers and firms  
–0.10   The decline in geographic mobility  
≈ 0   Taxation and regulation 
≈ 0   The increase in inequality  
≈ 0   Trade with China 
 =1.00  Average growth from 2000 to 2016  
 
Associated with the drop in family size was an increase in the 
age of marriage, higher female labor force participation, 
higher education levels, better household technologies, and 
improved reproductive rights for women. The biggest contrib-
utor to the growth slowdown was the drop in human capital 
growth due to population aging. Bringing in new workers as 
more retire, however, could offset much of the growth slow-
down and in a short time frame. Population subtracted 0.35 
percentage points from the growth rate. To reverse that would 
require adding about 1.05 million workers per year. We would 
need to pull in about 255,000 additional working-age immi-
grants to stop the worker-to-population ratio from continuing 
to fall. Taking in 1.75 million immigrants today would still 
represent an immigration rate of about half of what we man-
aged in the early 1900s. Recent immigrants to the US tend to 
be better educated than the current US population. From 2010 
to 2015, about 40% had a bachelor’s degree, higher than the 
percentage in the native population (about 30%). By increas-
ing the scale of local markets, increased immigration often 
creates incentives for firms to expand or innovate, meaning 

that immigration tends to be a net positive for the receiving 
country, over and above the direct effect it has on growth in 
human capital.  

As a tool for offsetting the drag on growth caused by 
population aging, a modest amount of additional immigration 
is the best bet. I believe the growth rate will continue to be 
low relative to the 20th century and may fall further as living 
standards continue to improve. The decline in hours worked 
per employee over time would represent another success, com-
ing about as a result of a choice to “buy” ourselves shorter 
workweeks in response to productivity growth. It may be that 
it is only now that service industries are reaching the scale 
necessary to implement substantial productivity improve-
ments, or we’ve spent more time searching for productivity 
improvements in goods production because they seem like 
low-hanging fruit. Economic growth is a function of our 
choices about how to spend our time and money, and build our 
families. Slow growth, it turns out, is the optimal response to 
massive economic success. 
 
[The most important explanation for the US growth slowdown 
in the 21st century is the decline in the growth rate of human 
capital per person, which is the result of a fall in birth rates. 
Rising living standards and women’s reproductive rights ex-
plain about 2/3 of the 1.25% point drop in the growth rate of 
GDP per capita from the 20th to the 21st century. Without 
R&D, there are no nonrival innovations or productivity 
growth. Slow growth, it turns out, is the optimal response to 
massive economic success.] 
 


