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Motivation

The purpose of the paper is to provide an encyclopedia of the 
fundamental facts of economic growth upon which our theories 
are built, gathering them together in one place and updating 
them with the latest available data.
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Growth at the Frontier

Modern Economy Growth Growth Over the Very Long Run



Growth at the Frontier

⚫ Steady, sustained exponential growth for the last 150 years is a key characteristic of the frontier

⚫ Various growth models have been developed to explain the transition from Malthusian stagnation（马尔萨斯陷阱）
for thousands of years to the modern era of economic growth:

• Malthusian diminishing returns: more people to the land reduces the MPL

• Lee (1988), Kremer (1993), and Jones (2001) emphasize the positive feedback loop between “people produce ideas” with 
the Malthusian “ideas produce people” channel to counter the Malthusian diminishing returns

• Lucas (2002) emphasizes the role of human capital accumulation

• Hansen and Prescott (2002) focus on a structural transformation from agriculture to manufacturing



Sources of Frontier Growth



Growth Accounting

𝑌𝑡 = 𝐴𝑡𝑀𝑇𝐾𝑡
𝛼𝐻𝑡

1−𝛼

TFP

𝑌𝑡 ：final output
𝐾𝑡：physical capital
𝐻𝑡：human capital
𝐴𝑡：the economy’s stock of knowledge
𝑀𝑇：anything else that influences total factor productivity 

(misallocation)

A Cobb-Douglas production function:

However, some of the accumulation of physical capital is caused by growth in total factor productivity, to credit such 
growth to total factor productivity, first divide both sides of the production function by 𝑌𝑡

𝛼 and solve for 𝑌𝑡 to get

𝑌𝑡= (
𝐾𝑡

𝑌𝑡
)

𝛼

1−𝛼𝐻𝑡𝑍𝑡

where  𝒁𝒕 = (𝑨𝒕𝑴𝑻)
𝟏

𝟏−𝜶 is total factor productivity measured in labor-augmenting units

Finally, dividing both sides by the aggregate amount of time worked 𝑳𝒕, gives

𝑌𝑡
𝐿𝑡
= (

𝐾𝑡
𝑌𝑡
)

𝛼
1−𝛼

𝐻𝑡
𝐿𝑡
𝑍𝑡



Growth Accounting

𝑌𝑡
𝐿𝑡

= (
𝐾𝑡
𝑌𝑡
)

𝛼
1−𝛼

𝐻𝑡
𝐿𝑡
𝑍𝑡

the capital-output ratio ( Τ𝑲𝒕 𝒀𝒕) is proportional to the investment 
rate in the long-run and does not depend on total factor productivity

Τ𝒀𝒕 𝑳𝒕 ∶ growth output per hour

In a simple model with one type of labor, one can think of 𝑯𝒕 = 𝒉𝒕𝑳𝒕, where ℎ𝑡 is human capital 
per worker (labor composition : a rise in educational attainment, a shift from manufacturing to 
services, and the increased labor force participation of women) which increases because of 
education



Growth Accounting

Facts:
1. Growth in output per hour at 2.5% is slightly faster than the growth in GDP per person that we saw earlier
2. The capital-output ratio is relatively stable over this period, contributing almost nothing to growth
3. Labor composition contributes 0.3 percentage points per year to growth
4. The “residual” of total factor productivity accounts for the bulk of growth

1948-1973: rapid growth
1973-1995: productivity slowdown
1995-2007: a substantial recovery of growth (reason: information technology), but the slowdown in TFP is troubling



Physical Capital



Factor Shares

1.Between 1948 and 2000, the factor shares were indeed quite stable (Kaldor (1961) stylized facts of growth)
2.Since 2000 or so, there has been a marked decline in the labor share and a corresponding rise in the capital share

Karabarbounis and Neiman (2014), Elsby et al. (2013), Bridgman(2014), Koh et al. (2015), and Rognlie (2015)



Human Capital

1.For 75 years, educational attainment rose steadily, at a rate of slightly less than 1 year per decade
2.The leveling-off of educational attainment: For cohorts born after 1950, educational attainment rose more slowly than before

Human Capital: 
education, work 
experience(assume 
each year of work 
experience leads to a 
constant increase in 
human capital)……



Human Capital

Though the supply of college graduates was growing rapidly, the wage premium for college graduates was increasing sharply as well
Explanation: Katz and Murphy (1992)



Ideas / Stock of Knowledge

“idea production function” is hard to measure precisely because we do not have great measures of 
ideas or the inputs used to produce them

idea production function

Output: patent

Input: intellectual property products(traditional research and development, spending on 
computer software, and finally spending on “entertainment,” which itself includes movies, 
TV shows, books, and music



Ideas / Stock of Knowledge

1.total spending on investment in intellectual 
property products has risen from less than 1% of 
GDP in 1929 to nearly 5% of GDP in recent years
2. government spending on research and 
development has been shrinking as a share of GDP 
since peaking in the 1960s with the space program

1.the fraction of the population engaged in R&D has 
been rising in recent decades
2. these data only capture a small part of what an 
economist would call research



Ideas / Stock of Knowledge

1.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
2.During the first 85 years of the 20th century, the number of patents granted to US residents appears to be stationary, in 
sharp contrast to the dramatic increase since 1985 or so
Griliches (1994) combined these two basic facts related to ideas (rapid growth in the inputs, stable production of patents) 
to generate a key implication: the productivity of research at producing patents fell sharply for most of the 20th century



Misallocation

• One of the great insights of the growth literature in the last 15 years is that misallocation at the micro level can show 
up as a reduction in total factor productivity at a more aggregated level

(see Banerjee and Duflo (2005), Chari et al. (2007), Restuccia and Rogerson (2008) and Hsieh and Klenow (2009))

• Misallocation is the best candidate answer to why are some countries so much richer than others

• Channel: there has been little work quantifying this channel,
Hsieh et al. (2013): quantifies the macroeconomic consequences of the remarkable convergence in the occupational 
distribution between 1960 and 2008 and finds that 15–20% of growth in aggregate output per worker is explained by the 
improved allocation of talent

Griliches (1992), Coe and Helpman (1995), Jones and Williams(1998), Klenow and Rodriguez-Clare (2005), and Bloom et 
al. (2013): to the extent that these spillovers are increasingly internalized or addressed by policy, changing misallocation 
of knowledge resources may be impacting economic growth

Hsieh and Moretti (2014): land use policies prevent the efficient spatial matching of people to land and to each other



Frontier Growth: Beyond GDP



Structural Change

Facts:
1. Agriculture → Manufacture → Services
2. Machines (capital) may substitute for labor. 



The Rise of Health

Facts:
Health spending rises.
Explanation:
With standard preferences, the marginal utility of consumption declines rapidly. 
Hence there is an income effect tilting spending toward life-saving categories. 



The Rise of Health

Facts:
1. Life expectancy at birth increased rapidly in the first half of the 20th century. 

Since 1950, the rate of improvement has been more modest.
2. The rise in life expectancy occurs at old ages. 



Hours Worked and Leisure

Facts:
Among advanced countries, annual hours worked has fallen significantly since 1950. 



Hours Worked and Leisure

Facts:
1. Average weekly hours of market work by men fell sharply between 1900 and 1980, before leveling off. 

Home production by men rose from just 4 h per week in 1900 to more than 16 h per week in 2005.
2.   Market work by women has been on an upward trend. 



Fertility

Facts:
Fertility has met large decline since 1800.
Explanation:
Children are themselves time intensive, in which case conserving on children also conserves on time as people get richer.



Top Inequality

Facts:
In both the United States and France, the share declined sharply until the 1950s to around 2%. 
It stayed at this low level until around 1980. But top income shares rise in the United States to 
essentially the same level as in 1920, while the share in France remains relatively low. 



Top Inequality

Facts:
1.  Until recently, there is surprisingly little growth in average GDP per person at the top.           
Instead, all the growth until around 1960 occurs in the bottom 99.9% .
2. This pattern changed in recent decades: after being virtually absent for 50 years, growth at 
the top accelerated sharply.



The Price of Natural Resources

Facts:
1. During the 20th century, world demand for these industrial commodities exploded.
2. The real price of these commodities declined over the 20th century.
3. The real price of these commodities has increased since 2000.
Explanations:
1. Some combination of increased discoveries and technological changes led the effective supply 
to grow even faster than the enormous rise in demand. 
2. China and India grew rapidly over this period.



The Spread of Economic Growth



The Long Run

1.GDP per person differs modestly prior to the year 1600.
2.The spread of growth occurred at different points in time, resulting in what is commonly referred to as

“The Great Divergence”.



The Spread of Growth in Recent Decades

1.Among OECD countries, those that were relatively poor in 1960—like Japan, Portugal, and Greece—grew rapidly, while those
that were relatively rich in 1960—like Switzerland, Norway, and the United States—grew more slowly.

2.The pattern is quite strong in the data; a simple regression line leads to an R-squared of 75%.
3.There is no tendence for poor countries around the world to grow either faster or slower than rich countries.



The Spread of Growth in Recent Decades

1.Many countries are projected to move out of the lower and middle portions of the distribution and into the top.
2.Where they end up depends on the extent to which their institutions improve.



The Distribution of Income by Person, Not by Country

Assuming each person in a country gets that country’s GDP per person and then compute the world
income distribution by person.(Such a coarse estimation) 



Beyond GDP

Facts:
1.Western European countries like the United Kingdom and France have much higher living standards 

than their GDPs indicate.
2.For poor countries, Life expectancy and leisure tend to be lower and inequality tends to be higher, all

of which reduce welfare relative to GDP.



Development Accounting

𝑌𝑡 = 𝐴𝑡𝑀𝑇𝐾𝑡
𝛼𝐻𝑡

1−𝛼

TFP

𝑌𝑡 ：final output
𝐾𝑡：physical capital
𝐻𝑡：human capital
𝐴𝑡：the economy’s stock of knowledge
𝑀𝑇：anything else that influences total factor productivity 

(misallocation)

A Cobb-Douglas production function:

However, some of the accumulation of physical capital is caused by growth in total factor productivity, to credit such 
growth to total factor productivity, first divide both sides of the production function by 𝑌𝑡

𝛼 and solve for 𝑌𝑡 to get

𝑌𝑡= (
𝐾𝑡

𝑌𝑡
)

𝛼

1−𝛼𝐻𝑡𝑍𝑡

where  𝒁𝒕 = (𝑨𝒕𝑴𝑻)
𝟏

𝟏−𝜶 is total factor productivity measured in labor-augmenting units

Finally, dividing both sides by the aggregate amount of time worked 𝑳𝒕, gives
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𝐾𝑡
𝑌𝑡
)

𝛼
1−𝛼

𝐻𝑡
𝐿𝑡
𝑍𝑡



Development Accounting



Development Accounting

Contribution of different factors

1. . The capital-output ratio is remarkably stable across countries. 
Differences in physical capital contribute almost nothing to 
differences in GDP per worker across countries.

2. the contribution from educational attainment is larger, but still 
modest.

3.differences in TFP are the largest contributor to income 
differences    

an accounting sense.



Development Accounting



Misallocation: A Theory of TFP



Misallocation: A Theory of TFP

A Simple Example:

Two Tasks 𝑿𝟏 𝒂𝒏𝒅 𝑿𝟐: 

𝑌 = 𝑋1
𝛼𝑋2

1−𝛼

One Input labor L:

𝑋1 = 𝑠𝐿 𝑎𝑛𝑑 𝑋2 = 1 − 𝑠 𝐿
Output:

𝑌 = (𝑠𝐿)𝛼[ 1 − 𝑠 𝐿]1−𝛼

𝑌 = 𝑀 𝑠 𝐿, 𝑤ℎ𝑒𝑟𝑒 𝑀 𝑠 ≡ 𝑠𝛼(1 − 𝑠)1−𝛼
Maximization:

𝑠∗ = 𝛼
Any departure of the allocation from 𝑠∗ will reduce TFP.

Conclusion:
A given amount of  input may produce less output. In other 

words, TFP is lower.



Institutions and the Role of Government

Two “Natural Experiments”: North and South Korea



Two “Natural Experiments”: Reversal of fortune

Institutions and the Role of Government



Taxes and Economic Growth



TFPQ vs TFPR

Utility Function:

𝑈 = න
0

1

(𝛼𝑖 𝑌𝑖 )𝜌𝑑𝑖

𝛼𝑖 denotes taste parameters related to each variety

0 < 𝜌 =
𝑠−1

𝑠
< 1, where s denotes elasticity of substitution

Inverse Demand Function:

𝑝𝑖 = 𝜆−1𝜌𝛼𝑖
𝜌𝑌𝑖

𝜌−1

Production Function:

𝑌𝑖 = 𝐴𝑖𝐿𝑖

Profit:

𝜋 = 𝑝𝑖𝑌𝑖 − 𝑤𝐿𝑖



TFPQ vs TFPR

Maximization:

𝑝𝑖 =
1

𝜌𝜆

𝑤

𝐴𝑖

𝑌𝑖𝑝𝑖 =
𝑤𝐿𝑖
𝜆𝜌

Data available:

𝑌𝑖 𝐿𝑖 𝑝𝑖 𝜌 𝑤



TFPQ vs TFPR

Revenue Productivity, 𝐓𝐅𝐏𝐑𝒊:

𝑌𝑖𝑝𝑖
𝐿𝑖

=
𝑤

𝜆𝜌

True Productivity, 𝐓𝐅𝐏𝐐𝒊:

𝛼𝑖𝑌𝑖
𝐿𝑖

= (
𝜆

𝜌
)1/𝜌

(𝑝𝑖 𝑌𝑖 )1/𝜌

𝐿𝑖
= (

𝜆

𝜌
)1/𝜌𝛼𝑖𝐴𝑖

Implication:
TFPR should be equated across heterogeneous firms within an industry.
TFPQ varies across firms.



The Hsieh-Klenow Facts

Key Assumption: TFPR should be equated across plants if resources are allocated optimally.

CD Production Function:

𝑌 = 𝐴𝐾𝛼𝐾𝐿𝛼𝐿
Optimum with distortions:

𝑟𝐾

𝑝𝑌
= 𝛼𝐾

1

1 + 𝜏𝐾
𝑤𝐿

𝑝𝑌
= 𝛼𝐿

1

1 + 𝜏𝐿

Examples of  distortions:
Credit market frictions, hiring and firing costs, quantity restrictions and so on.



The Hsieh-Klenow Facts



The Hsieh-Klenow Facts



The Hsieh-Klenow Facts

What could be causing this misallocation?
Hsieh and Klenow(2014)



The Hsieh-Klenow Facts

Other reasons:

Asker(2011): Volatility and adjustment cost.

Buera(2011a), Midrigan and Xu(2014), Moll(2014): Credit market friction.

Peters(2013): Heterogeneous markups.

Guner(2008), Gourio and Roys(2014), Garicano(2014): effect of regulation tied to size of firms.

Akcigit(2014a): Incentive problems for managers limit the ability of potentially highly-productivity 
small firms to expand

Hopenhayn(2014), Burea(2015): Overviews of the recent literature.
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