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OVERVIEW OF GROWTH AND INCOME DIFFERENCES

Kaldor facts.

Solow model.

I Growth from capital accumulation and exogenous technology.

Neoclassical growth model.

I Growth from equilibrium capital accumulation and exogenous
technology.

I Efficiency result.

Confronting neoclassical growth theory with evidence.

Other and deeper theories of cross-country growth differences.

Growth over time.

Cross-country welfare differences beyond GDP.
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FRAMEWORK

Generalized production function: Yt = F (Kt ,Lt ,At).

Growth rate of variable X : gX ≡ (Xt+1−Xt)/Xt .

First-order Taylor approximation and total differentiation:

gY =
F (Kt+1,Lt+1,At+1)−F (Kt ,Lt ,At)

F (Kt ,Lt ,At)

≈ dF (Kt ,Lt ,At)

F (Kt ,Lt ,At)

=
FK
Yt

(Kt+1−Kt) +
FL
Yt

(Lt+1−Lt) +
FA
Yt

(At+1−At)

=
KtFK
Yt

gK +
LtFL
Yt

gL +
AtFA
Yt

gA.

Growth rate of output is the sum of the growth rates of the inputs
multiplied by their respective elasticities in the production function.

Can extend to include human capital, different types of physical
capital, etc.
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OPERATIONALIZING FRAMEWORK

So far: gY = KtFK
Yt

gK + LtFL
Yt

gL + AtFA
Yt

gA.

What are these elasticities? Specialize to Cobb-Douglas (it
generalizes): F (Kt ,Lt ,At) = BtK

α
t L

1−α
t (why did I change notation

to B?). Using wt = FL:

Labor share:
wtLt
Yt

=
LtFL
Yt

=
Lt(1−α)Yt/Lt

Yt
= 1−α,

Capital share:
KtFK
Yt

=
KtαYt/Kt

Yt
= α.

Program: measure gY ,gK ,gK . Define:

Capital contribution: αgK ,

Labor contribution: (1−α)gL,

Solow Residual/TFP: gY −αgK − (1−α)gL.

Note: Should remind you of Hall and Jones cross-country exercise.
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COMPONENTS

Physical capital measured by accumulating investment and
subtracting depreciation.

Labor measured by total hours worked or total persons at work.

Measuring output is harder because need to measure price changes...
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STANDARD OF LIVING OVER TIME

At what level of income in 1970 would you be indifferent to living on
$60,000 today?

1970: car cost $3,500. Today: $26,000. But cars today are better
(safer, more powerful).

1970: no cell phone, internet, high-tech medical imaging, etc.

What about 1920? 1870?
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BLS CONSUMER PRICE INDEX
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IDEAL CONSUMER PRICE INDEX

Definition: an ideal consumer price index tracks the minimum cost of
purchasing goods and services that deliver 1 util.

That is, given:

Prices on N goods: pt =
(
p1,t , . . . ,pN,t

)′
,

Consumption basket: ct =
(
c1,t , . . . ,cN,t

)′
,

Utility: Ut = u(ct),
the ideal price Pt = min{p′tct} s.t. Ut = 1.

Remark 1: there is no t subscript on the u(.) function. This only
makes sense under stable preferences.

Remark 2: the N-vector of goods may include goods not available in
some periods, in which case the associated prices are the “choke
prices” at which the consumer would choose zero consumption (could
be ∞).
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PRACTICAL PRICE INDEXES

Observe actual prices and consumption pt ,ct for all t.

Normalize u(c1,t , . . . ,cN,t) = 1 for some period t, so Pt = p′tct .
Consider:

ΠLaspyres
t+1 =

p′t+1ct
p′tct

=
∑i pi ,t+1ci ,t

∑i pi ,tci ,t
= ∑

i

(
pi ,tci ,t

∑j pj ,tcj ,t

)
pi ,t+1

pi ,t
.

Laspyres inflation measures the growth of the price index by the cost
of obtaining the period t bundle at t + 1 prices.
In rightmost representation, wi ,t ≡ pi ,tci ,t/∑j pj ,tcj ,t is time t
expenditure weight applied to price growth of good i from t to t + 1.
This is not ideal inflation, because it does not allow for
re-optimization at the t + 1 prices.

Could also measure ΠPaasche
t+1 =

p′t+1ct+1

p′tct+1
=

(
∑i wi ,t+1

(
pi ,t+1

pi ,t

)−1)−1
.

It turns out that under some conditions,

ΠFisher
t+1 =

(
ΠLaspyres
t+1 ΠPaasche

t+1

)1/2
approximates ideal inflation.

U.S. Bureau of Economic Analysis uses Fisher price indexes. Many
statistical agencies use Paasche indexes. BLS uses Lasypres.
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U.S. Bureau of Economic Analysis uses Fisher price indexes. Many
statistical agencies use Paasche indexes. BLS uses Lasypres.
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COMPLICATIONS: OBTAINING pi ,t+1/pi ,t

Both the Laspyres and Paasche formulas have a term pi ,t+1/pi ,t .

This is the change in price of good i . Hard to think about how to
measure changes in the cost of living without starting from this.

But what if good i not observed in both periods?

Some new goods replace existing goods. E.g., new car model. Can
try to value quality improvements by comparing features (hedonic
method) and using observed expenditure in each period.

Other new goods are radically different. E.g., iphone1.

What is a good? Does buying the same product at Whole Foods
deliver the same utility as buying it at Walmart?

Small differences accumulate: if quality improvements or gains from
variety under-valued by 0.5% per year and measured real income
growth is 2% per year, then cumulative income gains mis-measured
by ((1 + 0.02 + 0.005)/(1 + 0.02))40−1 = 22% after 40 years.
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Missing Growth from Creative Destruction†

By Philippe Aghion, Antonin Bergeaud, Timo Boppart,  
Peter J. Klenow, and Huiyu Li*

For exiting products, statistical agencies often impute inflation from 
surviving products. This understates growth if creatively-destroyed 
products improve more than surviving ones. If so, then the market 
share of surviving products should systematically shrink. Using 
entering and exiting establishments to proxy for creative destruc-
tion, we estimate missing growth in US  Census data on non-farm 
businesses from 1983 to 2013. We find missing growth (i) equaled 
about one-half a percentage point per year; (ii) arose mostly from 
hotels and restaurants rather than manufacturing; and (iii) did not 
accelerate much after 2005, and therefore does not explain the sharp 
slowdown in growth since then. (JEL E23, E31, L14, L15, O30, O41)

Whereas it is straightforward to compute inflation for an unchanging set of goods 
and services, it is much harder to separate inflation from quality improvements and 
variety expansion amidst a changing set of items. In the US Consumer Price Index 
(CPI), over 3 percent of items exit the market each month (Bils and Klenow 2004). 
In the Producer Price Index (PPI) the figure is over 2 percent per month (Nakamura 
and Steinsson 2008).

The Boskin Commission (Boskin et al. 1996) highlighted the challenges of mea-
suring quality improvements when incumbents upgrade their products. It also main-
tained that the CPI does not fully capture the benefits of brand new varieties. We 
argue that there exists a subtler, overlooked bias in the case of creative destruction. 
When the producer of the outgoing item does not produce the incoming item, the 
standard procedure at statistical offices is to resort to some form of imputation. 
Imputation inserts the average price growth among a set of surviving products that 

* Aghion: Collège de France, 3 Rue d’Ulm, 75005 Paris, France, and London School of Economics (email: 
p.aghion@lse.ac.auk); Bergeaud: Banque de France, 31 Rue Croix des Petits Champs, 75001 Paris, France (email: 
antonin.bergeaud@banque-france.fr); Boppart: Institute for International Economic Studies, Stockholm University, 
SE-106 91 Stockholm, Sweden (email: timo.boppart@iies.su.se); Klenow: Department of Economics, Stanford 
University, Stanford, CA 94305 (email: klenow@stanford.edu); Li: Federal Reserve Bank of San Francisco, 
Economics Research, 101 Market Street, San Francisco, CA 94105 (email: tohuiyu@gmail.com). Gita Gopinath 
was the coeditor for this article. We thank Raouf Boucekkine, Pablo Fajgelbaum, Kevin Fox, Bart Hobijn, Colin 
Hottman, and Stephen Redding for excellent discussions and Victoria De Quadros for superb research assistance. 
Ufuk Akcigit, Robert Feenstra, Xavier Jaravel, Chad Jones, Per Krusell, Torsten Persson, Ben Pugsley, John Van 
Reenen, four referees, and numerous seminar participants provided helpful comments. Any opinions and conclu-
sions expressed herein are those of the authors and do not necessarily represent the views of the Federal Reserve 
System, the US Census Bureau, the Bank of France, or the Eurosystem. All results have been reviewed to ensure 
that no confidential information is disclosed. The authors have no relevant or material financial interests that relate 
to the research in this paper.

† Go to https://doi.org/10.1257/aer.20171745 to visit the article page for additional materials and author  
disclosure statements.
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View

Let's talk about tax-bracket indexation.

By Justin Fox
December 20, 2017, 3:30 PM EST

The Big, Permanent Tax Increase Inside
the Tax Cut Act

Let's take a closer look, shall we? Photographer: Zach Gibson/Bloomberg

It was not a signature element of Ronald Reagan's 1980 campaign  or of the tax-cutting plan
his administration unveiled in 1981. Several Republican lawmakers (among them Senate Finance
Committee Chairman Bob Dole of Kansas) pushed hard for it, and Reagan agreed to include it in
the Economic Recovery Tax Act of 1981, albeit with a delay until 1985 to mute its negative budget
impact.

Over time, though, this indexing of tax brackets to inflation has become arguably the most
significant and lasting consequence of the 1981 tax legislation. It's certainly been the most
expensive, with a revenue impact that as far as I know is no longer tracked but by this point must

1
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The CPI-E: A Better Option for Calculating Social Security COLAs

The 2017 Social Security Trustees Report, released in July 2017, projects a modest 2.2 percent
cost-of-living-adjustment (COLA) for 2018. The National Committee is disappointed and not
convinced that these estimates –with some more recent projections pointing to an even
smaller COLA – accurately reflects the inflation affecting today’s seniors. We believe that
Social Security’s COLA needs to be strengthened.

Over the past eight years, the current COLA formula has led to average increases of just over 1
percent, with three of those years seeing no increase at all.  The 2017 COLA was a mere 0.3
percent. For the average senior, this COLA provided an extra $4.00 per month, barely the
average cost of one Lipitor pill, a prescription drug frequently prescribed to seniors.  We urge
the adoption of a consumer price index (CPI) for the elderly, or CPI-E, as a more accurate
means of calculating Social Security COLAs.  An in-depth examination of the CPI-E follows.

History and Background

From the inception of the Social Security program in 1935, Congress periodically adjusted
Social Security benefits so that beneficiaries’ purchasing power would keep up with inflation. 
Beginning in 1972, Congress enacted a provision that requires benefits to be increased
annually based on the amount the consumer price index has increased in the previous year.  At
the time this provision was enacted, there was only one CPI index available for use, the CPI-W,
which reflects price increases for urban wage earners and clerical workers, based on a fixed
market basket of goods and services.  This index continues in use today as the basis for
computation of Social Security COLAs.

As stated earlier, the CPI-W reflects the expenditures of wage and clerical households in urban
areas.  By definition, this population is employed, unlike most retired Social Security
beneficiaries, and displays patterns of consumer spending which are reflective of people who
work.  Concerns about whether the CPI-W accurately reflects the spending patterns of those
who are retired or disabled date back to the 1980s.  In 1987, as part of amendments to the
Older Americans Act of 1965, Congress directed the Bureau of Labor Statistics (BLS) to
develop an index focused on the elderly.   BLS then developed the Experimental CPI for
Americans 62 Years of Age and Older (CPI-E), and calculated estimates of the index dating
back to December 1982.

Seniors’ Spending Patterns

To determine consumers’ day-to-day living expenses and thus measure the rate of inflation
consumers face in the marketplace, the government collects data on a “market basket” of goods
and services.  Market basket categories include: food and beverage, housing, apparel,
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OTHER CONSIDERATIONS

“Free” goods.

Social infrastructure.

Environment.

Life expectancy.
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WHY DO SOME COUNTRIES GROW MORE THAN OTHERS?
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THE TYRANNY OF NUMBERS: CONFRONTING THE
STATISTICAL REALITIES OF THE EAST ASIAN

GROWTH EXPERIENCE*

ALWYN YOUNG

This paper documents the fundamental role played by factor accumulation in
explaining the extraordinary postwar growth of Hong Kong, Singapore, South
Korea, and Taiwan. Participation rates, educational levels, and (excepting Hong
Kong) investment rates have risen rapidly in all four economies. In addition, in most
cases there has been a large intersectoral transfer of labor into manufacturing,
which has helped fuel growth in that sector. Once one accounts for the dramatic rise
in factor inputs, one arrives at estimated total factor productivity growth rates that
are closely approximated by the historical performance of many of the OECD and
Latin American economies. While the growth of output and manufacturing exports
in the newly industrializing countries of East Asia is virtually unprecedented, the
growth of total factor productivity in these economies is not.

I. INTRODUCTION

This is a fairly boring and tedious paper, and is intentionally
so. This paper provides no new interpretations of the East Asian
experience to interest the historian, derives no new theoretical
implications of the forces behind the East Asian growth process to
motivate the theorist, and draws no new policy implications from
the subtleties of East Asian government intervention to excite the
policy activist. Instead, this paper concentrates its energies on
providing a careful analysis of the historical patterns of output
growth, factor accumulation, and productivity growth in the newly
industrializing countries (NICs) of East Asia, i.e., Hong Kong,
Singapore, South Korea, and Taiwan.

Tables I and II and Figure I present some basic information on
growth in the NICs, drawn from national accounts and census
sources.' As seen in Table I, the extraordinarily rapid and sus-

*This paper was supported by a grant from the MIT-NTU Collaboration
Agreement and an NBER Olin Fellowship. I am indebted to Christina Paxson for
providing data tapes on Taiwan, to Chan Wing-Kwong, Chao Bi-Tsyr, Ho Kun-Lon,
Peter Kisler, John Sharon, and Woo Hyun-Sook for help in gathering and entering
data, and, most especially, to Ho Veng-Si and Yang Shin-Kyu for extraordinary
research assistance. Thanks are due the governments of Hong Kong, Singapore,
South Korea, and Taiwan for providing unpublished data and answering queries.

1. The Appendix provides a full description of sources. All growth rates
reported in this paper are logarithmic, rather than geometric, growth rates. The
labor force estimates for Korea and Taiwan exclude their large (predominantly
conscript) armies, whose measured output (in the form of wages) is comparatively
small. Section VI examines the sensitivity of the results reported in this paper to the
inclusion/exclusion of military personnel.

o 1995 by the President and Fellows of Harvard College and the Massachusetts Institute of
Technology.
The Quarterly Journal of Economics, August 1995
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TABLE V
TOTAL FACTOR PRODUCTIVITY GROWTH: HONG KONG

Annual growth of:

Time
period Output

Raw
capital

Weighted
capital

Raw
labor

Weighted
labor TFP

Labor
share

61-66 0.109 0.169 0.162 0.032 0.025 0.035 0.643
66-71 0.065 0.075 0.078 0.025 0.024 0.023 0.660
71-76 0.081 0.075 0.080 0.033 0.024 0.039 0.662
76-81 0.099 0.093 0.098 0.051 0.064 0.022 0.617
81-86 0.058 0.078 0.079 0.019 0.027 0.009 0.593
86-91 0.063 0.062 0.066 0.005 0.022 0.024 0.609
66-91 0.073 0.077 0.080 0.026 0.032 0.023 0.628

Raw inputs are the arithmetic sum of subcomponents, with no adjustment for hours of work. Weighted
inputs are translog indices of factor input growth, with labor services measured by hours of work.

the labor force, and rising educational attainment, all served to
increase measured labor input. These patterns are repeated in the
other economies and, for reasons of space, will, in general, not be
commented upon further.27

W. SINGAPORE

Table VI presents estimates of total factor productivity growth
in Singapore. Although the late 1960s appear to have been a period
of rapid productivity growth, these gains were largely lost during
the 1970s and 1980s. With weighted capital input growing an
average of 2.8 percent per annum faster than output and output
per unit of effective labor input growing only 3.0 percent per
annum, the total factor productivity residual for the aggregate
economy averages a rather low 0.2 percent per annum. Interest-
ingly, although the growth of capital input has slowed down over
time (as the investment rate has stabilized around 40 percent of
GDP), the growth of human capital has accelerated. While weighted
labor input grew 2.1 percent more slowly than raw labor in the late
1960s, it rose 3.0 percent faster in the 1980s (due to large increases
in the age and educational attainment of the workforce). The
changing role of physical and human capital accumulation in
sustaining growth is reflected in the decline in the growth of output

27. Tables detailing the impact of each adjustment (age, sex, etc.) in each
subperiod for the four economies are available upon request from the author.
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TABLE VI
TOTAL FACTOR PRODUCTIVITY GROWTH: SINGAPORE

Annual growth of:

Time
period Output

Raw
capital

Weighted
capital

Raw
labor

Weighted
labor TFP

Labor
share

Economy:
66-70 0.130 0.119 0.134 0.054 0.033 0.046 0.503
70-80 0.088 0.122 0.140 0.050 0.058 -0.009 0.517
80-90 0.069 0.091 0.084 0.036 0.066 -0.005 0.506
66-90 0.087 0.108 0.115 0.045 0.057 0.002 0.509
Manufacturing:*
70-80 0.103 0.123 0.130 0.086 0.089 -0.009 0.423
80-90 0.067 0.090 0.094 0.021 0.051 -0.011 0.385
70-90 0.085 0.107 0.112 0.054 0.070 -0.010 0.404

*Only covering firms recorded in the Census of Industrial Production.

per effective worker, which went from 9.7 percent in the late 1960s,
to 3.0 percent in the 1970s, to 0.3 percent in the 1980s.

Although the Singaporean national accounts do not estimate
capital formation by sector, it is possible to make use of the annual
report on the Census of Industrial Production (CIP), which
contains data on fixed assets, capital formation, employment, value
added, output, and production costs, to derive total factor produc-
tivity growth estimates for the manufacturing sector. The CIP is
the principal source of information on Singaporean manufacturing
and, along with departmental data on prices, forms the basis of
Singapore's Index of Industrial Production (IIP), which in turn is
the basis of the national accounts estimates of the constant price
growth of manufacturing value added. I regret to inform the
reader, however, that (i) 40 percent or more of the output recorded
in the IIP is undeflated, i.e., for many manufacturing subsectors
the index is simply the growth of nominal output; and (ii) the
Singaporean national accounts use this undeflated output index as
their measure of the constant price growth of manufacturing value
added. Nevertheless, following the lead of the Singaporean statisti-
cal authorities, I use the IIP as my measure of the growth of value
added in the CIP firms. 28

28. Although much of manufacturing output is undeflated, the reader should
not jump to the conclusion that the IIP overstates the growth of the manufacturing
sector. While the undeflated items include many products whose prices have
probably been increasing (e.g., printing and transport equipment), they also include
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TABLE VII
TOTAL FACTOR PRODUCTIVITY GROWTH: SOUTH KOREA

Annual growth of:

Time
period Output

Raw
capital

Weighted
capital

Raw
labor

Weighted
labor TFP

Labor
share

Economy-excluding agriculture:
60-66 0.077 0.069 0.070 0.062 0.072 0.005 0.690
66-70 0.144 0.167 0.194 0.095 0.103 0.013 0.690
70-75 0.095 0.121 0.118 0.052 0.055 0.019 0.661
75-80 0.093 0.158 0.178 0.040 0.052 0.002 0.694
80-85 0.085 0.102 0.099 0.031 0.047 0.024 0.729
85-90 0.107 0.105 0.108 0.061 0.072 0.026 0.739
66-90 0.103 0.129 0.137 0.054 0.064 0.017 0.703
Manufacturing
60-66 0.123 0.105 NA 0.115 0.115 0.013 0.504
66-70 0.204 0.205 NA 0.104 0.108 0.048 0.504
70-75 0.165 0.133 NA 0.084 0.088 0.053 0.477
75-80 0.127 0.207 NA 0.047 0.062 -0.007 0.503
80-85 0.106 0.075 NA 0.019 0.039 0.051 0.547
85-90 0.118 0.147 NA 0.069 0.,082 0.008 0.572
66-90 0.141 0.151 NA 0.063 0.074 0.030 0.521
Other industry:
60-66 0.127 0.188 NA 0.082 0.097 -0.012 0.537
66-70 0.176 0.258 NA 0.165 0.166 -0.033 0.537
70-75 0.085 0.104 NA 0.006 0.014 0.028 0.528
75-80 0.117 0.180 NA 0.051 0.071 0.010 0.672
80-85 0.089 0.131 NA 0.051 0.051 0.014 0.693
85-90 0.119 0.058 NA 0.040 0.050 0.066 0.674
66-90 0.115 0.142 NA 0.058 0.067 0.019 0.624
Services:
60-66 0.059 0.052 0.048 0.040 0.054 0.007 0.804
66-70 0.118 0.142 0.163 0.079 0.089 0.014 0.804
70-75 0.083 0.124 0.131 0.043 0.042 0.022 0.782
75-80 0.073 0.140 0.139 0.033 0.045 0.009 0.796
80-85 0.074 0.107 0.113 0.034 0.047 0.016 0.828
85-90 0.099 0.096 0.098 0.060 0.069 0.025 0.821
66-90 0.088 0.121 0.127 0.048 0.057 0.017 0.806

Other industry combines mining, electricity, gas & water, and construction. Services combines wholesale &
retail trade, restaurants & hotels, transport, storage & communications, finance insurance, real estate &
business services, and community & social services.

tally from period to period, but averages 2 to 3 percent per decade.
Productivity growth in other industry and services, while also
volatile, has improved on a decade-by-decade basis, with, in particu-
lar, a dramatic rise in other industry from -2.0 percent in the
1960s to 1.9 percent in the 1970s and 4.0 percent in the 1980s.
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Although the results are not reported in the table, I should note
that I have estimated productivity growth in the subsectors of
other industry and services, finding average total factor productiv-
ity growth rates (during the 1966-1990 period) of -1.1 percent in
mining, 5.2 percent in electricity, gas, and water, 2.2 percent in
construction, 3.4 percent in transport, storage and communica-
tions, and -0.1 percent in finance, insurance, real estate and
business services (1970-1990).

VI. TAIWAN

Table VIII presents total factor productivity growth estimates
for Taiwan. With output per unit of weighted capital input falling
2.9 percent per annum, but output per effective worker rising 4.5
percent per annum (the fastest growth in this sample of four
economies), Taiwan exhibits an average rate of productivity growth

TABLE VIII
TOTAL FACTOR PRODUCTIVITY GROWTH: TAIWAN

Annual growth of:

Time
period Output

Aggregate Weighted
capital	 capital

Aggregate
labor

Weighted
labor TFP

Labor
share

Economy-excluding agriculture:
66-70 0.111 0.152 0.171 0.043 0.044 0.034 0.739
70-80 0.103 0.137 0.144 0.068 0.068 0.015 0.739
80-90 0.078 0.085 0.083 0.024 0.032 0.033 0.749
66-90 0.094 0.118 0.123 0.046 0.049 0.026 0.743
Manufacturing:
66-70 0.168 0.207 0.214 0.078 0.075 0.031 0.558
70-80 0.121 0.145 0.146 0.100 0.101 0.001 0.566
80-90 0.072 0.078 0.079 0.012 0.021 0.028 0.613
66-90 0.108 0.128 0.130 0.059 0.063 0.017 0.579
Other industry:
66-70 0.104 0.177 0.190 0.100 0.096 -0.020 0.702
70-80 0.112 0.165 0.169 0.063 0.066 0.013 0.691
80-90 0.059 0.058 0.060 0.012 0.018 0.027 0.692
66-90 0.088 0.122 0.127 0.048 0.051 0.014 0.695
Services:
66-70 0.087 0.145 0.162 0.018 0.023 0.040 0.828
70-80 0.094 0.134 0.139 0.049 0.050 0.029 0.827
80-90 0.090 0.094 0.092 0.036 0.038 0.039 0.777
66-90 0.091 0.119 0.123 0.038 0.040 0.035 0.811

Other industry combines mining, electricity, gas & water, and construction. Services combines wholesale &
retail trade, restaurants & hotels, transport, storage & communications, finance insurance, real estate &
business services, and community & social services.
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YOUNG’S CONCLUSION

As Table XV readily shows, the results of this paper derive from a confluence of small
effects, each serving to chip away at the performance of the NICs, with no one estimate,
in particular, being essential to the argument. One might dispute the estimates for the
impact of increases in educational attainment; one might dispute the weighting of
capital; or one might dispute the adjustment of Taiwanese public sector output. And
yet, one must recognize that participation rates have risen; that output per worker grew
more slowly in the nonagricultural sector than in the aggregate economy; that the
educational attainment of the working population has risen rapidly; and that investment,
particularly in machinery, has skyrocketed...
The results of this paper should be heartening to economists and policy-makers alike. If
the remarkable postwar rise in East Asian living standards is primarily the result of
one-shot increases in output brought about by the rise in participation rates, investment
to GDP ratios, and educational standards and the intersectoral transfer of labor from
agriculture to other sectors (e.g., manufacturing) with higher value added per worker,
then economic theory is admirably well equipped to explain the East Asian experience.
Neoclassical growth theory, with its emphasis on level changes in income and its
well-articulated quantitative framework, can explain most of the difference between the
performance of the NICs and that of other postwar economies.
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14  |  Chapter 1

for the standard of living, productivity, and hours worked per person covering 
the post-1870 period, divided at 1920 and 1970. Shown for each of the three 
periods are three bars, each depicting the average annual growth rate over the 
respective interval. The left (white) bar in each group of three shows the growth 
rate of per-person real GDP, the middle (black) bar growth in real GDP per 
hour (i.e., labor productivity), and the third (gray) bar growth in hours worked 
per person.

There are two striking aspects to this historical record. The first is the sym-
metry of the graph: the first and last periods are almost identical in the height 
of each bar, but the middle period (1920–70) is quite different. Output per 
person growth is substantially higher in the middle period, and productivity 
growth is much higher—2.8 percent per year compared to 1.8 percent in the 
first period and 1.7 percent in the last period. The much greater excess of pro-
ductivity growth over output per person in the middle period, compared to that 
in the first and last periods, reflects the sharp decline in hours worked per per-
son between 1920 and 1970. This raises a question: why did hours worked per 
person decline so rapidly in the middle interval? And a second question arises 
as well: did rapid productivity growth cause hours to decline, or did the decline 
in hours worked per person rather in some way contribute to relatively rapid 
productivity growth?
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Figure 1–1.  Annualized Growth Rate of Output per Person, Output per 
Hour, and Hours per Person, 1870–2014
Source: See Data Appendix.
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effect of a rising ratio of capital input to labor hours is usually called “capital 
deepening.”

What remains after deducting the contributions of education and capi-
tal deepening is the growth of total factor productivity (TFP), often called 
“Solow’s residual” after the most prominent inventor of growth theory and 
growth accounting, Robert M. Solow. This measure is the best proxy available 
for the underlying effect of innovation and technological change on economic 
growth. And the results are surprising. Because the contributions of education 
and capital deepening were roughly the same in each of the three intervals, all 
the faster growth of labor productivity in the middle period is the result of more 
rapid innovation and technological change. I have previously called attention to 
this aspect of American economic history as “one big wave.”12

The margin of superiority of TFP growth in the 1920–70 interval is stun-
ning, being almost triple the growth rate registered in the two other periods.13 
To take another perspective, note that the fifty years 1920–70 represent 40 per-
cent of the 124-year period from 1890 to 2014. If each year or decade were 
equally important, then the five decades starting in 1920 would have accounted 
for 40 percent of the cumulative TFP growth since 1890. But instead the post-
1920 half century accounted for fully 66 percent of the cumulative TFP growth.

Our previous designation of the whole century 1870–1970 as “special” 
appears to conflict with the behavior of TFP growth as summarized in 
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Figure 1–2.  Average Annual Growth Rates of Output per Hour and Its 
Components, Selected Intervals, 1890–2014
Source: See Data Appendix.
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THE SPECIAL CENTURY

The century of revolution in the United States after the Civil War was economic, not
political, freeing households from an unremitting daily grind of painful manual labor,
household drudgery, darkness, isolation, and early death. Only one hundred years later,
daily life had changed beyond recognition. Manual outdoor jobs were replaced by work
in air-conditioned environments, housework was increasingly performed by electric
appliances, darkness was replaced by light, and isolation was replaced not just by travel,
but also by color television images bringing the world into the living room. Most
important, a newborn infant could expect to live not to age forty-five, but to age
seventy-two. The economic revolution of 1870 to 1970 was unique in human history,
unrepeatable because so many of its achievements could happen only once.
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STARTING POINT

In 1870, farm and urban working-class family members bathed in a large tub in the
kitchen, often the only heated room in the home, after carrying cold water in pails from
the outside and warming it over the open-hearth fireplace. All that carrying and heating
of water was such a nuisance that baths were not a daily or even weekly event; some
people bathed as seldom as once per month. Similarly, heat in every room was a distant
dream—yet became a daily possibility in a few decades, between 1890 and 1940.
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MAJOR INVENTIONS DURING SPECIAL CENTURY

Spread of electricity.

Electric machines.

Elevator.

Cars and airplanes.

Networked home: electricity, gas, telephone, radio and television,
water, sewer.

Refridgerators and freezers.

Processed food.

Anesthesia, X-rays, antibiotics...
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Appendices 

6.1. Appendix A: Data 

Fernald (2014) Quarterly Growth-Accounting Data.  Data run 1947:Q2-2015:Q4, 
although all data are converted to annual for the paper.  The vintage used for this paper was 
mainly from February 4, 2016.  Current vintage data are available at 
http://www.frbsf.org/economics/economists/jfernald/quarterly_tfp.xls.  The dataset includes 
quarterly growth-accounting measures for the business-sector, including output, hours worked, 
labor quality (or composition), capital input, and total factor productivity.   

Output is a geometric average from the income and expenditures sides. Hence, labor-
productivity growth in Figure 1 will differ very slightly from the BLS Productivity and Cost 
dataset, which uses the expenditure-side measure of output.  Capital input is a user-cost-weighted 
aggregate of capital input growth of disaggregated types of equipment, software, intellectual 
property, and inventories that are available quarterly, as well as land (which is interpolated from 
annual BLS estimates). 

The figure below shows a bar chart of business-sector labor productivity with its growth-
accounting components since 1947. 

 
 
 

“Normal” growth has varied substantially over the post-war period.  Before 1973 and from 1995-
2003, labor productivity rose at above 3 percent per year. In between, its growth rate averaged 
only about 1-1/2 percent per year.  The rapid growth in the late 1990s and early 2000s came to an 
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Figure 1: Published and adjusted U.S. labor productivity 
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WHAT DRIVES GROWTH AT THE FRONTIER?

In models: A!

What drives A? Solow and neoclassical growth models do not have
much to say here.

Endogenous growth theory: A depends on the generation of new
ideas.

Ideas are special input into production, because they are non-rival.

Require protection to incentivize idea generation, such as patents.

Or natural monopoly (e.g. Facebook).

Or government investment (e.g. National Institute of Health).
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PRODUCTION FUNCTION FOR IDEAS

Suppose for St researchers, A grows at:
dAt

dt
= BS

γ

t A
θ
t .

The growth rate of A, gA, is:
d lnAt

dt
=

dAt

Atdt
= BS

γ

t A
θ−1
t .

γ,θ determine scale of returns to idea production.

Are Ideas Getting Harder to Find?
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Aggregate Evidence
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The Steady Exponential Growth of Moore’s Law
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Evidence on Moore’s Law
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Yield Growth and Research: Corn
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Yield Growth and Research: Soybeans
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Yield Growth and Research: Cotton
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THE END OF GROWTH?

Gordon’s main thesis is that these transformative inventions can
happen only once.

The growth optimists think he is not imaginative enough:

I DNA revolution and personalized medicine.

I Artificial intelligence.

I Advanced robots.

I Things we haven’t conceived of yet...

Gordon’s reply: play spot the robot.

And so far no evidence of these innovations raising productivity in the
data, despite research effort increasing.
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