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THE TYRANNY OF NUMBERS: CONFRONTING THE
STATISTICAL REALITIES OF THE EAST ASIAN
GROWTH EXPERIENCE*
ALwYNYOUNG
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 productivitygrowth 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South Korea, and Taiwan for providing unpublished data and answering queries.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.
? 1995 by the President and Fellows of HarvardCollegeand the MassachusettsInstitute of
Technology.
The QuarterlyJournal of Economics,August 1995
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TABLE I
GROWTHRATES (PERCENT)

Singapore (1966-1990)

Hong Kong (1966-1991)

GDP per capita
GDP per worker
Excluding agriculture
Manufacturing
A Participation rate

N

D

7.3
7.3
NA
NA

1.6
2.6
2.8
1.3

N-D
5.7
4.7
NA
NA

D

N-D

8.7
8.7
8.8
10.2

1.9
4.5
4.6
6.2

6.8
4.2
4.2
4.0

0.27 -- 0.51

0.38 -- 0.49
South Korea (1966-1990)

GDP per capita
GDP per worker
Excluding agriculture
Manufacturing
A Participation rate

N

N

D

8.5
8.5
10.3
14.1

1.7
2.8
5.4
6.3

N-D
6.8
5.6
4.9
7.8

Taiwan (1966-1990)
N

D

N-D

8.5
8.5
9.4
10.8

1.8
3.1
4.6
5.9

6.7
5.4
4.8
4.9

0.28 -- 0.37

0.27 -- 0.36

N = Numerator; D = Denominator. NA = Not Available, the Hong Kong government has yet to develop
constant price estimates of GDP by sector. GDP measures are at market prices, excluding import duties,
however. Columns may not add up due to rounding.

tained growth of output per capita in all four economies, averaging
some 6 to 7 percent per annum for two and a half decades, is truly
remarkable. It is this record of growth, along with its apparent
association with the rapid growth of manufactured exports, that
has led most economists to believe that productivity growth in
these economies must be extraordinarilyhigh, particularlyin their
manufacturing sectors. This view, however, ignores an equally
remarkablerecordof factor accumulation.
TABLE II
EDUCATIONALATTAINMENTOF THE WORKINGPOPULATION(PERCENT)

Hong Kong

None
Primary
Secondary+

Singapore

South Korea

Taiwan

1966

1991

1966

1990

1966

1990

1966

1990

19.2
53.6
27.2

5.6
22.9
71.4

55.1
28.2
15.8

J
33.7
66.3

31.1
42.4
26.5

6.4
18.5
75.0

17.0
57.2
25.8

4.5
28.0
67.6

Self-taught are included under primary. Hong Kong, Korean, and Taiwanese data refer to highest level of
education "attended" rather than completed. All percentages are calculated net of those reported as
"unknown."
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As Table I shows, one important area of factor accumulation
has been labor input. The rapid postwar decline in birth rates
(changingdependencyratios) and rising rates of female labor force
participation have led to a substantial rise in the aggregate
participationrate in each of the NICs.2 In moving to measures of
output per worker, rising participationrates remove an average of
1 percent per annum from the per capita growth rate of Hong
Kong, 1.2 and 1.3 percent per annum, from Korea and Taiwan,
respectively,and a stunning 2.6 percent per annum (for 24 years!)
from the growth rate of Singapore.Intersectoral transfers of labor
have also been important. Thus, removing agriculture from the
analysis lowers the growth rate of output per workerin Taiwan and
South Korea by 0.6 and 0.7 percent per annum, respectively,
reflectingthe rapiddecline in the share of agriculturalemployment
in total employment in both economies.3Although the growth of
manufacturing output has been unusually rapid in these economies, so has the growth of manufacturingemployment. Once one
accounts for the transfer of labor into manufacturing, one finds,
surprisingly,that, with regardto laborproductivitygrowth, manufacturing in both Singapore and Taiwan actually underperformed
the aggregateeconomy.
Capitalinput has also grown rapidlyin the NICs. As shown in
Figure I, although the investment to GDP ratio has remained
roughly constant in Hong Kong, in the other NICs it has risen
substantially over time. In Singapore the constant price investment to GDP ratio, at 10 percent in 1960 had reached39 percentby
1980 and an extraordinary 47 percent by 1984, after which it
declined substantially, only to begin another rise in the late 1980s.
In South Korea,investment rates, which were around 5 percent (in
constant prices) in the early 1950s, explodedup to 20 percent in the
late 1960s, reached 30 percent by the late 1970s, and were
approaching40 percent by 1991. Finally, in Taiwan the constant
2. Changes in age-specificmale participationrates are minimal in all four
economies, while, with the exception of Hong Kong and Taiwan (where they
declinedgradually),reportednonagriculturalhours of work have remainedroughly
constant. This suggests that the increase in participationis genuine, and not some
statistical artifact.
3. This intersectoraltransfer was greatest in Taiwan during the 1970s, when
the differencein the growth of output per workerwas 2.1 percent (5.6 versus 3.5),
and in Koreaduringthe 1980s, when the differencein growthrates was 1.7 percent
(6.7 versus 5.0).
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price investment to GDP ratio, at around 10 percent in the early
1950s, grew steadily to a high of 27 percent in 1975, after which it
fluctuated around a value of about 22 percent.
Human capital accumulation in the East Asian NICs has also
been quite rapid.As shown in Table II above, over the past two and
a half decades the proportion of the working population in each
economywith a secondaryeducation or more has almost tripled or,
in the case of Singapore,even quadrupled.By 1990/1991, some 18
to 20 percent of the working population in each NIC had some
tertiary education.4 In weighting labor input by sex, age, and
educationalcharacteristics (discussed further below), I have found
that the improvingeducationalattainment of the workforcecontributes to about 1 percent per annum additionalgrowth in laborinput
in each of these economies.
All of the influences noted above-rising participation rates,
intersectoral transfers of labor, improvinglevels of education, and
expandinginvestment rates-serve to chip away at the productivity performance of the East Asian NICs, drawing them from the
top of Mount Olympus down to the plains of Thessaly. In a
companionpaper [Young 1994], I use simple back-of-the-envelope
calculations and large international data sets to show that, with
regard to productivity growth in the aggregate economy and in
manufacturing in particular, the NICs cannot be consideredto be
strong outliers in the postwar world economy. This paper concentrates on a more careful analysis of these four economies, making
use of the extensive statistical record embodied in their national
accounts, population censuses, and sectoral, wage, and labor force
surveys.
The remainderof this paper is organizedas follows. Section II
presents a short review of methodology. Sections III-VI then
provide a country-by-countryanalysis of aggregate and sectoral
total factor productivity growth. Section VII contrasts this research with earlier work on productivitygrowth in the NICs, while
Section VIII summarizes and concludes. An Appendix provides a
description of sources and some of the problems encountered in
linking differentdata series.

4. Defined as junior college and above in Korea and Taiwan and matriculation/A levels and abovein Hong Kong and Singapore.
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II. METHODOLOGY

A. The Translog Index of Total Factor Productivity Growth
Consider the translogarithmic value added production function:5
(1)

Q = exp [<a?+ aKInKK+

LInL + ?att + 1BKK(In
K)2
+ BKL(InK)(ln L) + BKt In K * t

+? BLL(ln L)2 + BLnL

t +Bttt2]

where K, L, and t denote capital input, labor input, and time, and
where, under the assumption of constant returns to scale, the
parameters atiand BJk satisfy the restriction:

(2) aK+ otL= 1,

BKK+

BKL=

BLL+

BKL=

BKt+

BLt = O

First differencing the logarithm of the production function provides a measure of the causes of growth across discrete time
periods:

(3)

in (Q(T- 1)) =K
+ 0L

(K(T - 1))

(
in TLET 1)) + TFPT

1,T)

where
0i = [0i(T) + 0i(T - 1)1/2
and where the 0i's denote the elasticity of output with respect to
each input or, equivalently, assuming perfect competition, the
share of each input in total factor payments. The translog index of
TFP growth (TFPT 1,T) provides a measure of the increase in
output attributable to the time-related shift in the production
function. In essence, the translog production function provides a
theoretical justification for the use of average factor shares and log
differences as a means of extending the continuous time Divisia
analysis of productivity growth to data based upon discrete time
periods.
To allow consideration of more finely differentiated inputs, one
5. Developed independently by Christensen, Jorgenson, and Lau [1971, 19731,
Griliches and Ringstad [19711, and Sargan [19711, and in recent years applied to the
study of productivity by, for example, Jorgenson, Gollop, and Fraumeni [1987].
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can assume that aggregate capital and labor input are, in turn,
constant returns to scale translog indices of subinputs:6
(4) K = exp [ln

K1 + 4lK
InK2 + *+ aK InKn

+ 1B K(ln K1)2 + B K (In K1)(ln K2) + *

L = exp [otLin L, + atLin L

+

+ 1B K (ln Kn)2],

in Lm
tLm

+ 1BtL(ln L1)2 + BtL2(InLl)(ln L2) + *

+ 2Bmm(ln Lm)2].

First differencingthe logarithms of these translog indices provides
a measure of the growth of aggregate capital and labor input as
weighted averages of the growth rates of their subinputs:

(5)
(5)

In (K(T
E O
KT)I__in
- 1))
In L(T) 1) = -OLIn
lnkL(T
L
J
=

n(Kj(T

-1))

(Lj(T)

Lj(T -1)

where
0i = [Oi(T) + Oi(T-1)-/2
and where the Oi'sdenote the elasticity of each aggregate input
with respect to each of its component subinputs or, again assuming
perfect competition, the share of each subinput in total payments
to its aggregate factor. In a manner analogous to the continuous
time Divisia analysis, these indices adjust for improvements in the
"quality" of aggregate capital and labor input by, to a first-order
approximation, weighting the growth of each subinput by its
average marginalproduct.
The appropriatemeasure of capital and labor input is the flow
of services emanating from those inputs. For labor, one can
reasonablyassume that the flow of services is proportionalto total
hours of work; i.e., Lj(T) = XLjHj(T),with
(6)

ln (L(T_1))

=

OL ln (Hj(T))

Since data on capital utilization are rare, it is customaryto assume
that the flow of capital services is proportional to the measured
6. With similarrestrictionson parametervalues.
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capital stock (denotedby Ci(T)), with Ki(T) = XKCi(T) and
=
Kn(Tf~- 1))

Ki

Qn(C(T -1))

Before proceeding further, it is worth considering whether
deviations from the restrictive assumptions of the model outlined
above might not lead to a downwardbias in estimates of total factor
productivitygrowth, and hence explain the low estimates reported
in this paper. The absence of perfect competition, in the context of
a constant returns to scale production function, could lead to
mismeasurement of the elasticity of output with respect to each
input, as factor shares need no longer reflect output elasticities. In
particular, to the degree that monopoly profits are reflected in
capital income, capital's income share will tend to overstate the
elasticity of output with respect to capital. The readercan make an
easy correctionfor this factor by adjusting the aggregate shares of
capital and labor in the tables presented further below. However,
since physical capital accumulation is only a small part of the NIC
story, with increases in labor participationand educationalattainment and the intersectoral transfer of labor all playing an equally
important role,7within reasonablebounds adjustmentsalong these
lines are not likely to produce spectacular productivity estimates
for the NICs.8
Relaxation of the assumption of constant returns to scale
could either increase or decrease the productivityestimates. If the
true aggregate production function is characterizedby increasing
returns to scale, perhaps due to externalities among factors, then
the growth accounting residual actually overstates the true degree
of productivitygrowth, since it captures the increase in production
externalities brought about by the increase in factors of production. Conversely,if the true productionis characterizedby decreasing returns to scale, the growth accounting residual understates
the degree of productivitygrowth.
7. Table XV summarizes the quantitative contributionof each factor toward
reducingthe estimate of productivitygrowth.
8. With the exceptionof Singapore,the NIC laborshares are about two-thirds,
i.e., consistent with the standard prior on the elasticity of output with respect to
labor. Singapore'sshare is, however, substantially lower. Raising its share to that
of, say, Hong Kong, raises the estimate of averagetotal factor productivitygrowth
from 0.2 to 0.8 per annum, which, while certainly more respectable, is not
spectacular.In this regard,I should note that in orderto bias my estimates in favor
of Singapore I make use of the labor income share reported in the Singapore
Input-OutputTables, which is substantiallygreater than that indicatedby unpublished data on laborincomeprovidedto me by the Singaporeangovernment.
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Finally, it is worth addressing a common misconception
concerning growth accounting adjustments for the "quality" of
labor and capital input; i.e., that these adjustments implicitly
incorporate any embodiment of technological change in those
inputs. Fundamentally, the growth accounting procedureassumes
that input i today is the same as it was yesterday; i.e., that a
secondaryeducated 25-year-oldfemale worker today is identical to
a secondary educated 25-year-old female worker yesterday. In so
doing, the procedureplaces any increase in the productivityof that
input (whether or not embodied)into the residual. The weighting
of capital and labor input in equation (5) above is no more than an
extension of the standard two-factor (capital/labor) analysis, in
which each factor is weighted by its income share, to the consideration of more numerous inputs which, for analytical convenience,
are differentiatedinto lists of "capital"and "labor"inputs.9
B. Measuring Factor Supplies

My analysis focuses on two aggregateinputs, capitaland labor,
subdivided into finer subinput categories. In general, I divide
capitalinput into five categories:residential buildings, nonresidential buildings, other durable structures, transport equipment, and
machinery. With the exception of my analysis of Singaporean
manufacturing, I do not include land input, which is difficult to
measure. To minimize any error, I focus my analysis of Taiwan and
Koreaon the nonagriculturaleconomy, where land input accounts
9. This is not to say, however, that the measure of technical progress is
independent of the quantity of factors, or the path of factor accumulation. Consider
an isoquant that shifts in nonuniformly (i.e., in a non-Hicks-neutral fashion). In
this case, the measured improvement in productivity will vary according to the
capital-labor ratio of the economy, and the degree to which that capital-labor ratio
changes during the period under analysis. If one estimates the production function,
one can avoid this problem by describing the full movement of the surface, rather
than simply decomposing changes along a particular path of factor accumulation.
One referee queried, if technological improvement led to an improvement in
capital goods quality, and hence in a reduction in real capital goods prices, would the
increase in capital goods productivity show up in the growth accounting residual? If
the capital goods are imported, then the answer is, quite appropriately, no.
However, if the capital goods are domestically produced, then if the price indices for
capital goods production are quality adjusted, then so are the quantity indices.
Thus, the increase in quality in the capital goods sector would show up as a rise in
value added per unit of input in that sector and, when aggregated with other sectors,
in the aggregate economy. In this regard, it is interesting to note that between 1966
and 1990 the ratio of the capital goods to GDP deflator rose by 1.2 percent per
annum in Hong Kong, but fell by -0.2 percent per annum in Singapore, -1.8
percent per annum in South Korea, and - 1.1 percent per annum in Taiwan. The
decline in relative capital goods prices in South Korea and Taiwan partially offsets
the reduction in capital returns induced by the approximately 3 percent per annum
rise in the capital-output ratio in those economies.

650

QUARTERLY JOURNAL OF ECONOMICS

for only a small percentage of total payments to factors of
production.'l Labor is distinguished on the basis of sex (two
categories), age (nine to eleven categories, depending upon the
country and time period under consideration),and education (two
to seven categories).
I estimate the capital stock using the standard perpetual
inventory approachwith geometricdepreciation." In followingthis
approach,it is customary to initialize the capital stock series using
a benchmark survey, such as a national wealth survey. In the case
of the NICs, this approachis not productive. Neither Hong Kong
nor Singaporehas ever conducted such a survey, while, in the case
of South Korea and Taiwan, the survey results are greatly at odds
with the annual investment flows recorded in the national accounts. Table III reportsthe ratio of historicalcumulative(undepreciated) investment to the value of gross (undepreciated) assets
reported in the 1988 National Wealth Survey of Taiwan.'2As the
table shows, the aggregate numbers reported in the survey vastly
exceed the total cumulative investment in the period 1951-1988.13
Lest the reader believe that this discrepancy reflects pre-1951
purchases of capital, the survey also reported the date the assets
10. For example, Kim and Park [1985, table 5-13] estimate that during the
1960s and 1970s land input on average accounted for only about 4 percent of Korean
nonagricultural nonresidential income.
I also do not include inventories. I have found that the "changes in stocks"
series published by most of the NICS are either (i) outright gross fabrications used
to conceal large discrepancies between the production and expenditure accounts; or
(ii) based upon the flimsiest of data. In Young [1992] I made use of unpublished
stocks data provided to me by the Singaporean and Hong Kong governments.
Problems with the existence of accurate stocks data for the other economies,
combined with a growing suspicion as to the accuracy of the Hong Kong numbers,
have led to me to drop consideration of stocks from the analysis.
11. The depreciation rates are based upon Hulten and Wykoff [1981, table 2]
and Jorgenson and Sullivan's [1981, table 1] estimates of geometric depreciation
rates for detailed asset types (e.g., trucks, autos, mining machinery, service
machinery, etc.). I derive the depreciation rate for each of the five broad asset types
used in my analysis as the unweighted average of the depreciation rates of the
detailed asset types likely to be found in each industry. This approach is crude, but
the results are, in any case, not sensitive to moderate adjustments in the
depreciation rates (see, for example, Young [1992]).
12. I cumulate the national accounts investment at constant prices of the date
of the wealth survey. The gross values reported in the wealth surveys represent,
similarly, the product of a purchase price times a price index reflecting asset
inflation up to the time of the survey. The price indices for the wealth surveys are
drawn from sources similar to those used by the national accounts, e.g., wholesale
price indices, and, when reported, as in the Korean national wealth surveys, roughly
parallel the national accounts deflators for similar asset types. Thus, the incongruities noted below seem to be more related to differences in the original current price
values recorded in the surveys and national accounts, rather than differences in the
deflators used to adjust these values to a common standard.
13. In principle, because of scrapping, the wealth survey gross assets should
actually be less than the cumulative national accounts investment.
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TABLE III
RATIO OF CUMULATIVEINVESTMENTTO WEALTH SURVEYGROSSASSETS:
TAIWAN, 1988

Economy
Mining*
Utilities*

Residential

Nonresidential

Other
construction

Transport
equipment

Machinery

0.33
NA
NA

0.60
1.37
0.47

0.76
1.85
0.10

0.75
25.74
1.23

0.86
6.23
1.48

NA = Not applicable. *Public enterprises only.

were acquired,indicating that only a small fraction (e.g., 1 percent
of machineryand transport equipment)was acquiredpriorto 1956.
As Table III shows, at the sectoral level the discrepanciesbetween
the national accounts and the survey values are even greater, with
the ratio of cumulative investment to reported gross assets reaching highs of 25.74 and lows of 0.10 for public enterprises in mining
and utilities, respectively. In the case of South Korea,three wealth
surveys have been taken, which allows for a time series comparison. Table IV compares the gross assets recorded in each survey
with an adjustment for cumulative investment in the intervening
years.14As the table shows, the total nonresidential capital reported in the 1968 wealth survey, plus the ensuing nine years of
investment flows, accounted for only two-thirds of the nonresidential capital reportedin the 1977 wealth survey, implying that these
assets "grew"by 50 percent in the interveningyears. In the case of
transport equipment, however, fully 76 percent of the gross assets
reported in the 1968 survey, plus the ensuing investment, were
unaccounted for in the 1977 survey. The incongruity between the
stock values recordedin the national wealth surveys and the flow
values of the national accounts calls into question any attempt to
use the wealth surveys as a means of initializing one's estimates of
the capital stock.'5
As an alternative procedure,I initialize my capital stock series
by assuming that the growth rate of investment in the first five
14. The values for each survey and the cumulative investment are converted to
common benchmarks using the national accounts deflators.
15. In essence, if one believes the wealth surveys, one has to discard most of the
information in the national accounts. I tend to favor the national accounts, since the
flow values recorded there are at least subject to some consistency checks (e.g.,
between the expenditure and production accounts), while the stock values reported
in the wealth surveys are basically answers to the open-ended question: what assets
do you have, and what did you pay for them?
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TABLE IV
RATIO OF GROSS ASSETS FROMSURVEY TO SURVEY: SOUTH KOREA
(ALLOWINGFOR CUMULATIVEINVESTMENT)

Residential

Nonresidential

Other
construction

Transport
equipment

Machinery

0.95
0.77

0.65
0.67

1.27
1.00

1.76
1.07

0.89
0.81

1968/1977
1977/1987

years of the national accounts investment series is representative
of the growth of investment prior to the beginning of the series.'6
Given positive rates of depreciation and a sufficiently long investment series prior to the first date of the analysis, the perpetual
inventory approach is fairly insensitive to the level of capital used
to initialize the series. For Hong Kong the published investment
series begins in 1961. I use my own estimates of capital formation,
which mimic the methodology of the Hong Kong government, to
extend the series on all asset types back to 1947. For Singapore the
published investment series begins in 1960. I use data on the
construction of one-family equivalent residential units and retained imports of cement'7 to extend the residential and nonresidential durable structures investment series back to 1947.18 For
Taiwan the published investment series begins in 1951 and for
South Korea in 1953. In general, I focus my analysis on the
16. Specifically,

~~~~~~~~~00

00

Cj(O) =

P1i-(1 -

;=A

~~~~iA

)i=

PO( + gj)'1(1

-

= ilJ/(gj + aj),

where I-ois the first year of investment data for assetj, 8i is the depreciation rate for
assetj, and gj is the average growth of investment in assetj in the first five years of
the investment series.
An exception is Singaporean manufacturing, where I use the Net Fixed Assets
reported in the Census of Industrial Production (CIP) to initialize the capital stock
in 1969. Prior to 1969 the coverage of the CIP was changing rapidly. Thus,
cumulating the annual investment flows prior to that date provides a poor measure
of the capital stock of the firms covered by the survey in later periods.
17. Singapore did not produce cement prior to 1961. See the Malayan Digest of
Statistics.
18. The estimates using retained imports of cement are, admittedly, rather
crude. These data, however, suggest a large surge in construction activity in the
mid-1950s (which I have not been able to corroborate), with the real value of
investment in durable structures in the mid-1950s exceeding the levels recorded in
the early-1960s. Although I feel these data are somewhat suspect, I make use of
them in order to raise the value of my initial 1966 capital stock estimates, thus
biasing the results in favor of Singapore.
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post-1966 period, allowing each economy thirteen or more years of
investment data to establish the capital stock.'9
Turning now to the measurement of labor inputs, my task is to
estimate the working population, cross-classified by up to seven
attributes, i.e., sex, age, education, industry, income, hours of
work, and class of worker (i.e., employee, self-employed, etc.).
Census and survey data frequently contain informationon row and
column sums in lower dimensions. Under the assumption that
there are no interactions across attributes other than those present
in the available subdimensional tables, I derive an approximation
of the maximum likelihood estimate of each cell using the iterative
proportionalfitting technique suggested by Bishop, Fienberg, and
Holland [1975]. In general, I make use of the information provided
by additional worker characteristics, e.g., occupation, which, in
their cross-tabulation with attributes of interest to me provide
additional information. Thus, for example, I actually estimate the
1990 Singaporean working population cross-classified by sex x
age x education x industry x income x class of worker x
occupation, using all available census tabulations.20For my TFP
estimates, I then sum across occupational categories to derive a
reducedsix-dimensionaltable of the variablesof interest to me.
All four economies conduct occasionalcensuses and, on a more
regularannual basis, surveys of laborforce conditions.With regard
to the overall size of the labor force, however, the labor force
surveys providelittle additional independent informationover and
above that derived from the census. Each survey is typicallybased
upon a small sample2lwhich must then be scaled up to a national
estimate. The factors used to accomplish this scaling are usually
drawn from the previous census. In essence, the reported survey
results are a modified extrapolation of the previous census. Given
the rapid transformation experienced by these economies, the
results can, on occasion, be grossly inaccurate. Thus, the 1989
LaborForce Survey of Singapore(using scaling factors drawn from
19. To analyze the sensitivity of the results to the value of capital used to
initialize the series, I also tried initial values of (i) zero capital and (ii) double the
capital implied by the procedure described above. The impact of these (substantial)
adjustments on average total factor productivity growth during the 1966-1990
period was (-0.1 percent, +0.1 percent) per annum in Hong Kong, Singapore, and
Taiwan, and (-0.4 percent, +0.3 percent) per annum in Korea (where the pre-1966
investment series is shorter).
20. Hours of work data are drawn from other, non-Census, sources.
21. For example, 25,000 housing units in the case of the 1989 Singaporean
labor force survey and less than 15,000 households in the case of the 1980 Korean
economically active population survey.
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the 1980 census) estimated the working population at 1,277,254.
The 1990 Census, however, found that the actual working population numbered 1,537,011 (i.e., 20 percent more than reported in
the previous survey). The 1991 Labor Force Survey of Singapore
(using updated 1990 scaling factors) then estimated the working
populationat 1,524,315. In the estimates below, I confine myself to
census years, treating the census results as the appropriate
measure of the "population"and the survey results as a "sample,"
making use of these, when they contain cross tabulations that are
unavailable in the census, by conforming the survey row and
column totals to those given by the census. Since, over the long
run, the labor force surveys track (with large variance)the census,
the long-term average rates of productivitygrowth reportedbelow
are not dependent on this choice of sources.22
Finally, I should note that to improvethe accuracyof my labor
force estimates I have acquiredthousands of pages of unpublished
census tabulations from the governments of Hong Kong and
Singapore, while, in the case of Taiwan, I have made use of the
Chinese language area and district census tabulations, which
contain additional tabulations over and beyond those reported in
the summary English language volumes. These additional tabulations provide valuable information. Thus, for example, unpublished Hong Kong tabulations provide information on income by
age, sex, and education cross-tabulated by class of worker (e.g.,
self-employed, employee, etc.). In contrast, the published tabulations rarely cross-tabulate income with class of worker. Consequently, relying on the published tabulations alone pollutes one's
estimates of the returns to different types of labor input with
nonlaborcapital income.
C. Measuring Factor Shares

In order to estimate the share of labor and capital in total
payments to factors of production,it is necessary to measure value
added from the point of view of the producer. This requires
removing all indirect business taxes on the value of output
(including all sales and excise taxes), while retaining all subsidies
22. In fact, during the period emphasized in this paper (1966-1990) the labor
force surveys actually imply faster growth in the nonagricultural working population in both South Korea and Taiwan (the labor force surveys for Hong Kong and
Singapore began in the mid- to late 1970s and hence do not cover the entire period of
analysis).
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and taxes on factors of production (such as license fees and profits
taxes), a conceptof value addedmidwaybetween GDP at factor cost
and GDP at market prices. In the case of Hong Kong, where
indirect taxes are minimal, I simply take as my measure of value
added the national accounts estimates of GDP at current factor
cost. In the case of the other economies, where indirect taxes are
more significant, I use published and unpublished data on tax
revenues to separate out the "admissible"indirect taxes, i.e., those
that are part of the value of output from the point of view of the
producer,and allocate them to the different economic sectors.23
To estimate the share of labor in total factor payments, I begin
by constructing estimates of the hourly incomes of employees
cross-tabulated by industry, sex, age, and education. I then use
these compensation data, and my estimates of hours of work
cross-tabulated by industry, sex, age, education, and class of
worker,to estimate the incomes of employeesand the implicit labor
income of employers, unpaid family workers, and the selfemployed, under the assumption that the latter earn an implicit
wage equal to the hourly wage of employees with similar sex, age,
educational,and industrial characteristics.To determine the share
of labor in each sector, I then multiply the sectoral compensationof
employees data reported in the national accounts by one plus my
sectoral estimates of the ratio of implicit to explicit labor income.24
Combiningmy measures of implicit and explicit income providesan
estimate of sectoral labor income cross-classifiedby the sex, age,
and educationalcharacteristicsof workers and, hence, an estimate
of the share of each labor subinput in total payments to labor by
sector.
Turning to capital input, under the assumption of perfect
competition and constant returns to scale, I take the aggregate
share of capital by sector to be simply one minus the estimated
share of labor. To allocate capital income by asset type, I note that
with geometric depreciation,and perfect foresight, the rental price
23. I should note that while I make this adjustment to value added for the
purposes of measuring income shares, I use value added at market prices to measure
the growth of output, under the assumption that these prices better reflect the
relative scarcities and values of the component products of national output. In this
sense, my approach parallels that of the national accounts, where income is typically
measured at factor cost and output at market prices.
24. This rescaling using the national accounts data corrects for underreporting
of income on the part of workers and, also, adjusts for labor taxes and nonmonetary
compensation, all of which form a part of the cost of labor input from the point of
view of the producer.
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of a capital good ki is given by25
(8)

Pk.(T) = P1,(T - 1)r(T) + 8P1,(T) - [P1,(T) - P1,(T - 1)],

where PI denotes the investment price of capital good i and r(T) is
the nominal rate of return between periods T - 1 and T. Under the
assumption that all assets earn the same nominal rate of return, I
vary r(T) until total payments to capital equal my estimate of the
aggregate share of capital. This yields estimates of the rental price
of each asset category and, by extension, its share of payments to
capital.
III. HONGKONG

Table V presents estimates of total factor productivitygrowth
in Hong Kong. With the exception of the 1981-1986 period, when
business activity was depressedby the Anglo-Chinesenegotiations
over the future of the colony, Hong Kong sustained total factor
productivity growth rates of 2 percent or more in each of the
five-yearperiods, averaging 2.3 percent over the 1966-1991 period
as a whole. As one would expect, given the relative constancy of the
post-1966 investment to GDP ratio, there is little evidence of
capital deepening, with weighted capital input growing only 0.7
percent faster per annum than output during the 1966-1991
period.As the table shows, the weighting of capital and labor input
raises, but only slightly, the estimated growth rate of these factors
of production. In the case of capital, weighting raises the growth
rate somewhat by placing a greater emphasis on the rapidly
growing stock of machinery.26In the case of labor, adjustments for
sex, hours of work, and age (priorto 1976) lower the growth rate of
effective labor input, while adjustments for education and age
(after 1976) raise its effective growth rate, with the net effect being
slightly positive on average. Weighting is, however, of substantial
importance during individual periods, for example during the late
1980s, when the stabilization of female participationrates, aging of
25. This equation can be modified to take into account taxes and depreciation
allowances, and one can also relax the assumption of perfect foresight and
incorporate a measure of the "expected" change in asset prices. These adjustments,
however, are relatively minor compared with the basic concept embodied in
equation (8); i.e., that assets with high depreciation rates and declining relative
prices (such as machinery and equipment) should command comparatively higher
rentals and, by extension, factor shares. In the case of the NICs, where machinery
and equipment is one of the most rapidly growing elements of the capital stock, this
raises the growth rate of the aggregate (weighted) capital stock.
26. See footnote 25.
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TABLE V
TOTAL FACTOR PRODUCTIVITYGROWrH: HONG KONG

Annual growth of:
Time
period

Output

Raw
capital

Weighted
capital

Raw
labor

Weighted
labor

TFP

Labor
share

61-66
66-71
71-76
76-81
81-86
86-91
66-91

0.109
0.065
0.081
0.099
0.058
0.063
0.073

0.169
0.075
0.075
0.093
0.078
0.062
0.077

0.162
0.078
0.080
0.098
0.079
0.066
0.080

0.032
0.025
0.033
0.051
0.019
0.005
0.026

0.025
0.024
0.024
0.064
0.027
0.022
0.032

0.035
0.023
0.039
0.022
0.009
0.024
0.023

0.643
0.660
0.662
0.617
0.593
0.609
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
commentedupon further.27
IV. SINGAPORE

TableVI presents estimates of total factor productivitygrowth
in Singapore.Although the late 1960s appearto 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. Interestingly, 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 capitalhas accelerated.Whileweighted
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 reflectedin 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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TABLEVI
TOTAL FACTOR PRODUCTIVITYGROWrH: SINGAPORE

Annual growth of:
Time
period

Raw
capital

Weighted
capital

Raw
labor

Weighted
labor

Economy:
66-70
0.130
70-80
0.088
80-90
0.069

0.119
0.122
0.091

0.134
0.140
0.084

0.054
0.050
0.036

0.033
0.058
0.066

0.046
-0.009
-0.005

0.503
0.517
0.506

66-90

0.002

0.509

Output

TFP

Labor
share

0.108

0.115

0.045

0.057

Manufacturing:*
70-80
0.103
80-90
0.067

0.123
0.090

0.130
0.094

0.086
0.021

0.089
0.051

-0.009
-0.011

0.423
0.385

70-90

0.107

0.112

0.054

0.070

-0.010

0.404

0.087

0.085

*Onlycoveringfirmsrecordedin the Censusof IndustrialProduction.

per effectiveworker,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 formationby 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 productivity growth estimates for the manufacturing sector. The CIP is
the principalsource of information on Singaporeanmanufacturing
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
Singaporeannational accounts use this undeflatedoutput index as
their measure of the constant price growth of manufacturingvalue
added.Nevertheless, following the lead of the Singaporeanstatistical authorities, I use the IIP as my measure of the growth of value
addedin the CIP firms.28
28. Although much of manufacturingoutput is undeflated,the reader should
not jump to the conclusionthat the IIP overstates the growth of the manufacturing
sector. While the undeflated items include many products whose prices have
probablybeen increasing(e.g., printingand transportequipment),they also include
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As shown in Table VI, over the 1970 to 1990 period as a whole
total factor productivity growth in Singaporean manufacturing
averaged -1.0 percent per annum, a performance slightly below
that of the aggregate economy during the same period. As in the
case of the aggregate economy, the principal source of low productivity growth in Singaporean manufacturing is the combination of
a slow growth of output per weighted worker29 (1.5 percent per
annum) and a rapid fall in output per unit of capital input (-2.7
percent per annum). Given the IIP's questionable (i.e., nonexistent) deflators, these estimates are clearly grossly inaccurate and
are simply meant to show what can be accomplished at the sectoral
level given the current state of Singaporean data.
V. SOUTH KOREA

Table VII below presents total factor productivity growth
estimates for South Korea. Although South Korea exhibits even
more capital deepening than Singapore, with output per unit of
effective capital input falling 3.4 percent per annum, the larger
labor share and faster growth of output per effective worker (3.9
percent) combine to give the economy a considerably larger total
factor productivity residual (1.7 percent). Productivity growth in
the Korean economy appears to have improved over time, with the
average 2.5 percent growth of the 1980s well above the 0.8 and 1.0
percent growth experienced during the 1960s and 1970s, respectively. Turning to the industry level analysis,30 we see that
manufacturing has had the highest average level of productivity
growth. Productivity growth in manufacturing fluctuates dramatimany electronicsproducts,whose priceshave undoubtedlybeen declining.Interestingly, at one point the Singaporean statistical authorities, who were concerned
about their methodology,sought the assistance of the Japanese on this issue, but
were assuredthat nondeflationof manufacturingoutput was also commonpractice
in that economy(!).
29. Since the CIP does not contain any informationon the age or educational
characteristicsof the workersin the firms surveyed,I use census data to adjust for
the age and educationalcharacteristicsof the workforceunder the assumptionthat
the workersin the CIP sharedthe same age and educationcharacteristicsas similar
sex personsreportedas manufacturingworkersin the census.
30. The Korean national accounts include data on capital formationby asset
type and by industry,but not by asset type and industry.After removingresidential
investment from serviceinvestment (whereall residentialinvestment wouldoccur),
I estimate each sector's capital stock by cumulatingthe (indifferentiated)industry
investment, using the averagenonresidentialdepreciationrate in the economy (as
computed from the asset type data). I then add residential capital back into the
servicesector. Since I am only able to differentiatecapitalinput in services(whereit
is subdividedinto residential and nonresidentialcapital), I only compute weighted
capitalmeasures for that sector.
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TABLE VII
TOTALFACTOR
PRODUCTIVITY
GROWTH:
SOUTHKOREA
Annual growth of:

Time
period

Output

Economy-excluding
60-66
0.077
66-70
0.144
70-75
0.095
75-80
0.093
80-85
0.085
85-90
0.107
66-90
0.103
Manufacturing:
60-66
0.123
66-70
0.204
70-75
0.165
75-80
0.127
80-85
0.106
85-90
0.118
0.141
66-90
Other industry:
60-66
0.127
66-70
0.176
70-75
0.085
75-80
0.117
80-85
0.089
85-90
0.119
66-90
0.115
Services:
60-66
0.059
66-70
0.118
70-75
0.083
75-80
0.073
80-85
0.074
85-90
0.099
66-90
0.088

Raw
capital

Weighted
capital

Raw
labor

Weighted
labor

TFP

Labor
share

agriculture:
0.069
0.070
0.194
0.167
0.121
0.118
0.158
0.178
0.102
0.099
0.105
0.108
0.129
0.137

0.062
0.095
0.052
0.040
0.031
0.061
0.054

0.072
0.103
0.055
0.052
0.047
0.072
0.064

0.005
0.013
0.019
0.002
0.024
0.026
0.017

0.690
0.690
0.661
0.694
0.729
0.739
0.703

0.105
0.205
0.133
0.207
0.075
0.147
0.151

NA
NA
NA
NA
NA
NA
NA

0.115
0.104
0.084
0.047
0.019
0.069
0.063

0.115
0.108
0.088
0.062
0.039
0,082
0.074

0.013
0.048
0.053
-0.007
0.051
0.008
0.030

0.504
0.504
0.477
0.503
0.547
0.572
0.521

0.188
0.258
0.104
0.180
0.131
0.058
0.142

NA
NA
NA
NA
NA
NA
NA

0.082
0.165
0.006
0.051
0.051
0.040
0.058

0.097
0.166
0.014
0.071
0.051
0.050
0.067

-0.012
-0.033
0.028
0.010
0.014
0.066
0.019

0.537
0.537
0.528
0.672
0.693
0.674
0.624

0.052
0.142
0.124
0.140
0.107
0.096
0.121

0.048
0.163
0.131
0.139
0.113
0.098
0.127

0.040
0.079
0.043
0.033
0.034
0.060
0.048

0.054
0.089
0.042
0.045
0.047
0.069
0.057

0.007
0.014
0.022
0.009
0.016
0.025
0.017

0.804
0.804
0.782
0.796
0.828
0.821
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.

cally from period to period,but averages 2 to 3 percent per decade.
Productivity growth in other industry and services, while also
volatile, has improvedon a decade-by-decadebasis, with, in particular, 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 productivity 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 communications, and -0.1 percent in finance, insurance, real estate and
business services (1970-1990).
VI. TAIWAN
Table VIII presents total factor productivitygrowth 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 averagerate of productivitygrowth
TABLE VIII
TAiwAN
TOTALFACTOR
PRODUCTIVITY
GROWTH:
Annual growth of:
Time
period

Output

Aggregate
labor

Weighted
labor

TFP

Labor
share

agriculture:
0.152
0.171
0.144
0.137
0.085
0.083
0.118
0.123

0.043
0.068
0.024
0.046

0.044
0.068
0.032
0.049

0.034
0.015
0.033
0.026

0.739
0.739
0.749
0.743

0.207
0.145
0.078
0.128

0.214
0.146
0.079
0.130

0.078
0.100
0.012
0.059

0.075
0.101
0.021
0.063

0.031
0.001
0.028
0.017

0.558
0.566
0.613
0.579

0.177
0.165
0.058
0.122

0.190
0.169
0.060
0.127

0.100
0.063
0.012
0.048

0.096
0.066
0.018
0.051

-0.020
0.013
0.027
0.014

0.702
0.691
0.692
0.695

0.145
0.134
0.094
0.119

0.162
0.139
0.092
0.123

0.018
0.049
0.036
0.038

0.023
0.050
0.038
0.040

0.040
0.029
0.039
0.035

0.828
0.827
0.777
0.811

Aggregate
capital

Economy-excluding
0.111
66-70
0.103
70-80
80-90
0.078
66-90
0.094
Manufacturing:
0.168
66-70
0.121
70-80
0.072
80-90
66-90
0.108
Other industry:
0.104
66-70
0.112
70-80
80-90
0.059
66-90
0.088
Services:
66-70
0.087
70-80
0.094
80-90
0.090
66-90
0.091

Weighted
capital

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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comparable to that of Hong Kong (2.6 percent). As Table VIII
shows, the sectoral pattern of productivity growth in Taiwan is
markedlydifferent from that in Korea. In the Taiwanese economy
manufacturing and other industry appear to be productivity
laggards (with average growth rates of 1.7 and 1.4 percent,
respectively), while services seems to have played the role of the
productivity powerhouse (with an average growth of 3.5 percent
per annum). Strong differencesin the performanceof Taiwan and
Korea are also apparent within the more detailed sectors of "other
industry." Thus, over the 1966-1990 periodtotal factor productivity rose 3.7 percent per annum in Taiwanese mining (as compared
with a decline of -1.1 percent per annum in Korea) and fell -0.2
percent per annum in Taiwanese electricity, gas, and water (as
comparedwith rapid growth of 5.2 percent per annum in Korea).
Elsewhere, the performance of the two economies was more
similar, with productivityin Taiwan rising 1.5 percent per annum
in construction (2.2 percent Korea), 4.7 percent per annum in
transport, storage, and communications (3.4 percent Korea), and
0.2 percent per annum in finance, insurance, real estate, and
business services (- 0.1 percent Korea).
It is important to note that part of the extraordinaryperformance of Taiwanese services is due to the unusual approachtaken
by the Taiwanese national accounts to the measurement of public
sector output. Whereas most national accounts authorities deflate
public sector output by the wages of differenttypes of public sector
employees, leading to an approximatelyzero growth in output per
effective worker, the Taiwanese national accounts incorporate a
"quality adjustment," allowing for the growing (unmeasurable)
productivityof public sector employees.Accordingto my estimates,
between 1966 and 1990 output per effective worker in the Taiwanese public sector grew 4.4 percent per annum (6.6 percent per
annum if one includes military personnel in the denominator.)31
31. The reason the Taiwanesenational accountsmake this adjustmentis fairly
obvious. With public sector employment stagnating and output per worker in all
other sectors of the economygrowingrapidly,backwardextrapolation(at constant
prices of the mid-1980s) using the standard deflation technique implies that the
share of the government in total output was about 50 percent in 1966. A similar
problemexists in the U. S. national accounts, but is amelioratedby the fact that
publicsectoremploymentis expandingrapidly,while the growthof the other sectors
of the economyis more gradualthan in Taiwan.The solution I employ(in TableIX),
is to estimate the growth of aggregateoutput as a Tornqvistindex of the growth of
the one-digit ISIC sectors (plus the public sector), with the (chain-linked)current
price share of each sector taken as its weight. This approachis analogous to that
used by Grilichesand Jorgenson [1967] for the measurementof the output of the
U. S. economy.
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Table IX provides additional total factor productivity measures for Taiwan, where I have adjusted the national accounts
measure of public sector output to conform to the more standard
(zero growth) deflation technique. As the reader can see, this
adjustment has a large impact on the aggregate nonagricultural
economy, where productivity growth falls to an average of 2.1
percent, and an even stronger impact on services, where productivity growth now appears to have averaged 2.6 percent (which
nevertheless remains higher than manufacturingand other industry).32Table IX also presents estimates for the nonpublic sector
nonagricultural Taiwanese economy, which sidesteps these measurement issues by excluding the public sector from consideration.33I find that total factor productivitygrowth in the nonagricultural private sector Taiwanese economy averaged 2.3 percent
per annum between 1966 and 1990. Interestingly, the two sets of
estimates for the aggregate economy, both with and without the
public sector, show a substantial improvement in productivity
growthduringthe 1980s,whichis reminiscentof the resultsfor Korea.
Finally, I remind the readerthat in the results reportedabove
I have excluded the large conscript armies of Korea and Taiwan in
measuring the growth of labor input in these economies on the
grounds that the measured output of these military personnel (i.e.,
their wages) is a negligibleproportionof total output. In the case of
Taiwan, census sources provide information on the sex, age, and
educational characteristics of military personnel. To analyze the
sensitivity of my results, I make use of this information to
incorporate military personnel into my estimates. As shown in
Table X, including military personnel raises the rate of total factor
productivitygrowth in the aggregateeconomyby 0.3 percent, to an
average of 2.9 percent per annum.34However, if one considers
32. The readermay note that, duringthe 1980s the measuresof output growth
reported in Tables VIII and IX are identical. The Taiwanese national accounts
exaggeratethe growth of public sector output in every period,which should lower
one's estimate of the growth rate of output. During the 1980s, however, the
Tornqvistweightingof the other one-digitISIC sectors cancelsthis reduction.
33. This approachis not entirely satisfactory either, since the public sector
provides many unpriced services (e.g., roads and bridges) to the private sector.
Variations across economies and across time in the quantity of capital and labor
services provided (free of charge) by the public sector could potentially bias
estimates of privatesector productivity.
34. The readermay note that includingmilitary personnellowers slightly the
estimated share of labor. This follows from the fact that including the military
lowersthe ratio of the self-employedto the employedin the economy,implying(fora
given aggregatewagebill) a lowerimplicitwage for the self-employed.The growthof
weighted capital also varies between Tables IX and X. Different shares of labor
producedifferentestimates of residual capital income, which changes the estimate
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TABLE IX
ADJUSTMENTOF PUBLIC SECTOR OUTPUT: TAIWAN

Annual growth of:

Labor

Aggregate Weighted Aggregate Weighted

Time
period

Output

capital

capital

labor

labor

TFP

share

Economy-excluding agriculture and with adjustment of public sector output:
0.044
0.015
0.739
0.152
0.171
0.043
66-70
0.092
0.144
0.068
0.015
0.739
70-80
0.103
0.137
0.068
0.032
0.028
0.749
80-90
0.085
0.083
0.024
0.073
0.021 0.743
0.118
0.123
0.046
0.049
66-90
0.089
Services-with adjustment of public sector output:
0.023
0.003 0.828
66-70
0.050
0.145
0.162
0.018
70-80
0.094
0.134
0.139
0.049
0.050
0.029
0.827
0.031
0.777
80-90
0.082
0.094
0.092
0.036
0.038
0.040
0.026
0.811
0.082
0.119
0.123
0.038
66-90
Economy-excluding agriculture and official public sector:
0.120
0.073
0.012
0.699
0.173
0.187
0.069
66-70
0.112
0.073
0.693
0.017
70-80
0.141
0.145
0.072
0.033
0.033
0.715
0.080
0.083
0.081
0.024
80-90
0.056
0.023
0.702
0.100
0.122
0.125
0.052
66-90

military personnel as part of public sector employment, then the
quality adjustment of public sector output in the Taiwanese
national accounts appears to be even more exaggerated.Adjusting
public sector output to standard deflation techniques yields an
average total factor productivitygrowth rate of 2.1 percent (Table
X), i.e., the same as that reported earlier (excluding military
personnel) in Table IX. Similar estimates for services yield average
rates of productivitygrowth of 3.7 and 2.3 percent, which are only
0.2 percent greater and 0.3 percent less, respectively, than the
comparablefigures reported earlier above. In sum, the estimates
for Taiwan are not extremely sensitive to the inclusion of military
personnel, particularlyonce one adjusts the growth of public sector
output to international norms. The impact of military personnel in
Korea, where they constitute a much smaller percentage of the
workingpopulation, should be even smaller.
VII.

COMPARISON WITH EARLIER RESEARCH

This paper is by no means the first rigorous study of total
factor productivitygrowth in the East Asian NICs. Of these, by far
of r(T) (equation (8) earlier) and, by extension, the weights assigned to each capital
good.
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TABLE X
INCLUSIONOF MILITARYPERSONNEL: TAiwAN

Annual growth of:
Time
period

Output

Aggregate
capital

Weighted
capital

Aggregate
labor

Economy
Excluding agriculture, including military:
0.039
0.118
0.122
0.094
66-90
Exc. agri., inc. mil., with adj. of public sector output:
0.039
0.118
0.122
0.086
66-90
Services
Including military:
0.029
0.122
0.119
66-90
0.091
Inc. military, with adj. of public sector output:
0.029
0.122
0.119
0.077
66-90

Weighted
labor

TFP

Labor
share

0.041

0.029

0.709

0.041

0.021

0.709

0.029

0.037

0.738

0.029

0.023

0.738

the most heavily examined has been South Korea,where, as shown
in Table XI, different studies have produced a wide range of
estimates. A review of the elements underlyingthe differingresults
of these studies of the Korean economy can provide some insight
into the choices regardingmethodologyand data selection made in
this paper.
The highest estimate of total factor productivitygrowth in the
Koreaneconomyis providedby Christensen and Cummings [1981],
who reporta private sector growth rate of 4.1 percent for the period
1960-1973. Christensen and Cummings do not separate out the
agricultural sector and, consequently, include land input in their
measure of the capital stock, which is summarizedin Table XII. As
the reader can see, land input and agricultural inventories accounted for 68 percent of Christensen and Cummings' measured
capital stock in 1959, but only 45 percent in 1973. Thus, while their
aggregatecapital stock was growingby only 3.4 percent per annum,
the components of greatest importance to the nonagricultural
economy, i.e., nonresidential structures and equipment, were
growing at rates well in excess of 10 percent per annum.35
35. Accordingto Kim and Park's [1985, Tables 5-3 and 5-12] estimates, while
land input accounted for an average of 87 percent of tangible fixed assets in
agricultureduringthe period1961-1981, it accountedfor only 16 percentof similar
assets in nonagriculturalnonresidentialbusiness.
Unlike this paper,Christensenand Cummingsalso includeconsumerdurables
and nonfarminventoriesin their measureof the capitalstock.As noted in SectionII,
I have found the inventory series published in these economies to be largely
fictional.In the case of Christensenand Cummings'estimates, the ratio of nonfarm
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TABLEXI
STUDIES OF TOTAL FACTOR PRODUCTIVITYGROWTH:SOUTH KOREA
(ANNUAL RATES OF TFP GROWTH)

Period

Economy

Manufacturing

This study
Christensenand Cummings[1981]
Kim and Park [1985]
Pyo and Kwon [1991]
Pyo, Kong,Kwon,and Kim [1993]
Moon,Jo, Whang,and Kim [1991]

1966-1990
1960-1973
1963-1982
1960-1989
1970-1990
1971-1989

1.7
4.1
2.7
1.6
1.3
NA

3.0
NA
NA
NA
1.1
3.7

Dollar and Sokoloff [1990)

1963-1979

NA

6.1

NA = Not applicable.

Christensenand Cummings'capitalstock estimates, when disaggregated, would probablysuggest a recordof high productivitygrowth
in agricultureand moderateproductivitygrowth in the nonagricultural economy,which would be in keeping with the results reported
in this paper.36
Kim and Park [1985] report a somewhat lower estimate of 2.7
percent total factor productivitygrowth for the aggregate Korean
economy during the period 1963-1982. Like Christensen and
Cummings, Kim and Park include agriculture and measures of
inventories. As they extend their analysis further into the 1970s,
however, they derive lower estimates of total factor productivity
growth, as the rapidlygrowing stock of structures and equipment
accounts for a growing share of the capital stock. Thus, they
estimate total factor productivity growth rates of 4.0 percent for
1963-1972 and 1.5 percent for 1972-1982.37
inventories to value added in manufacturing and wholesale and retail trade (at
constant prices) falls from 1.01 in 1959 to 0.28 in 1973, i.e., a 9 percent per annum
declinein the capitaloutput ratio.
36. I should note that Christensen and Cummings make use of the 1968
National Wealth Survey to initialize their capital stock estimates, using the flow
values of the national accounts to cumulate forwardand backward.This choice is
fortuitous. If, instead, they had used the 1977 National WealthSurvey to initialize
their estimates and cumulated backwards,they would have found that, for most
depreciationrates, the stock of transport equipmentwas negative before the early
1970s, since the gross investment in transportequipmentreportedin the national
accounts during the years 1975-1977 alone exceeds the net stock of transport
equipment at the end of 1977 as reportedin the 1977 wealth survey. As noted in
Section II, the stock values reported in the various national wealth surveys are
completelyincompatiblewith the flow values of the national accounts.
37. Of the difference, 1.4 percent is due to the more rapid growth in factor
input, and 1.1 percentto the slowergrowthof output duringthe latter period.
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TABLE XII
ESTIMATEDCOMPOSITIONOF THE KOREAN CAPITALSTOCK
(BILLIONSOF 1970 WON)

1959
1973
Growth

Nonresid.
structures

Producer
durables

Residential
structures

Nonfarm
inventories

Farm
inventories

Consumer
durables

Land

168.6
1495.3
15.6%

252.0
1305.0
11.7%

933.3
1288.8
2.3%

298.1
485.1
3.5%

113.1
341.0
7.9%

118.8
269.0
5.8%

3627.3
3632.5
0.0%

Source. Christensen and Cummings [1981, table 7].

Pyo and Kwon [1991] estimate rates of total factor productivity growth for the private sector Korean economy, 1.6 percent for
the period 1960-1989, comparable to those found in this study. Pyo
and Kwon also include agriculture and a measure of land input in
their estimates. Like Park and Kim, Pyo and Kwon's estimates
exhibit a downward trend, as the role of land input in the capital
stock declines, finding rates of total factor productivity growth of
2.4 percent for 1960-1973 and 1.0 percent for 1973-1989. Despite
the inclusion of land input, Pyo and Kwon's estimates for the
1960s are substantially below those of Kim and Park and Christensen and Cummings. This is largely due to the fact that Pyo and
Kwon make use of very early estimates of hours of work, which
show a rise of almost 30 percent in hours of work during the
1960-1963 period. Excluding this anomalous period, Pyo and
Kwon estimate an average total factor productivity growth rate of
3.5 percent per annum during 1963-1973. In the estimates presented in this paper, I do not make use of these early hours data,
assuming that hours of work were constant in the 1960s.38
38. Pyo and Kwondrawupon the KoreanStatistical Yearbook[KSY]for hours
of work estimates for 1960-1962 and the EconomicallyActive Population Survey
[EAPS]for hours of workthereafter.Between 1960 and 1962 the Ministryof Home
Affairs'LabourForce Surveyestimated hours of work. In mid-1962the survey was
transferred to the Economic Planning Board, where a new methodology was
developed,and the survey was renamedthe EAPS. The hours of work reportedin
the 1960-1961 editions of the KSYare drawnfrom the LabourForce Survey,while
the hours reported in the 1962 edition are from the end-of-year 1962 EAPS.
Together with the 1963 EAPS, these data imply a 13 percent rise in private sector
hours of workin 1961-1962, and a furtherrise of 15 percentin 1963 [Pyoand Kwon
1991, table 6]. WhileGDPgrew 9 percentin 1963, the growthof output during 1962
was only 2 percent. Furthermore, subsequent changes in hours of work (in the
EAPS) are all quite gradual. It seems highly likely that these early increases are
simply a statistical artifact born of linking differingsurveys (the increase between
1962 and 1963, drawnconsistently from the EAPS, is due to the fact that the 1962
data reportedin the KSYconcernonly the end of the year, when hours of work are
seasonally low in agriculture,whereas the 1963 data from the EAPS cover the full
year).
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Pyo, Kong, Kwon, and Kim [1993] estimate an aggregate rate
of total factor productivitygrowth for the 1970-1990 period of 1.3
percent per annum. This study includes agriculturein the measure
of output, but excludes both land and inventories from the capital
stock measure. Consequently, Pyo, Kong, Kwon, and Kim record
extremely rapid growth in the capital stock, in a manner similar to
this paper.39Unlike this paper, however, they estimate a considerably lower share of labor, on the orderof 53 percent, which explains
their lower estimate of total factor productivity growth.40Pyo,
Kong, Kwon, and Kim assume that the implicit labor income of
each self-employedor unpaid workeris only one-quarterthat of the
averageemployee. In contrast, I assume that each self-employedor
unpaid worker earns an implicit wage equal to that of an employee
in the same sector with similar age, sex, and educationalcharacteristics. In general, most studies of Koreanproductivitygrowth have
been unwilling to make this one-for-one assumption and, consequently, have lower estimates of the share of labor.41
39. In both studies mentioned above, Pyo and his coauthorsmake use of the
national wealth surveys to estimate the capital stock. However, rather than
selecting any particularyear to initialize the series, they, instead, endogenously
determinewhich depreciationrate (for net capitalstock) and disposalrate (forgross
capital stock) is necessary to reconcile the stock values of the national wealth
surveys with the flow values of the national accounts.In practice,this requiresthat
depreciation/disposalrates are substantially negative in one period (say when
linking the 1968 and 1977 wealth surveys) and substantially positive in the next
(say when linking the 1977 and 1988 wealth surveys) [Pyo, Kwon, and Kim 1993,
p. 117]. In essence, this amounts to a rejectionof the informationin the national
accountsin favorof the wealth surveys.As it so happens,this (consistent)approach
yields estimates of capital stock growth comparableto those found in my analysis.
As noted earlier, the stock values reportedin the wealth surveys are incompatible
with the flowvalues in the nationalaccounts.The overallgrowthin the capitalstock
impliedby the two sources,is, however,roughlythe same.
40. Despite the great difference in factor shares, their estimates are only
slightly below mine. This is because they drawupon the EstablishmentSurvey for
their measure of labor input in the nonagriculturalnonmanufacturingsectors,
estimating much slower growth in this factor of production.The Establishment
Survey, however,is an unscaled survey biased heavilytowardmanufacturing,with
minimalcoverageof other sectors. Thus, the 1970 Survey reportedthat there were
only 1 million workers (in an economy with 31 million people), of which 640,000
were in manufacturing (see Yearbookof Labour Statistics [19711). This survey
focuses on the distributionof firm sizes, and was not designedto provideestimates
of the aggregate number of workers. In Pyo and Kwon [1991] some of the same
authorsmadeuse of the EconomicallyActivePopulationSurvey,which is the scaled
laborforcesurvey (whoseresults parallelthe census). In earlieryears, however,this
source does not providethe detailedbreakdownof employmentby industry sought
by Pyo, Kong,Kwon,and Kim in their 1993 analysis.
41. Christensen and Cummings [1981, Table 3] use the one-for-oneassumption for the self-employedand a four-to-oneassumptionfor unpaidfamily workers,
estimatingan averagelaborshare in the privatesector economyof about 64 percent.
Kim and Park [1985, table 4-1] use a one-for-oneimputation, adjusting,however,
for wagesby firm size. Since, most nonwagelaboris in smallerfirms,wherereported
wagesare considerablylower,this lowersthe estimatedshare of laborin nonresidential business to an averageof 60 percentof nationalincome (i.e., followingDenison's
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Turning to studies of the manufacturing sector alone, the
lowest estimate here, 1.1 percent per annum for the period
1970-1990, is providedby Pyo, Kong, Kwon, and Kim [1993]. The
differencebetween their estimate and the 2.6 percent per annum
for the same period reported in this paper stems from Pyo, Kong,
Kwon, and Kim's use of the Mining and ManufacturingSurvey for
data on employment in manufacturing. As compared with the
census, the Mining and ManufacturingSurvey, which is restricted
to firms with five or more workers, reports about 1 percent per
annum faster growth in labor input and only a very small number
of self-employed and unpaid workers (implying only a small
adjustment for implicit labor income). The faster growth in labor
input and smaller labor share lead Pyo, Kong, Kwon, and Kim to
estimate a considerably lower rate of total factor productivity
growth.42

Moon, Jo, Whang, and Kim [1991] estimate a 3.7 percent rate
of total factor productivitygrowth in manufacturingfor the period
1971-1989. This study, however, does not include adjustments for
the age, sex, or educational characteristics of the working population in its estimates of labor input. These adjustments contribute
to about 1.3 percent per annum more rapidgrowth in laborinput in
my estimates for the period 1970-1990 which, when multiplied by
a share of labor of about one-half, explains the bulk of the
discrepancy between Moon, Jo, Whang, and Kim's results and
those reportedin this paper.43
[1979]) methods,not countingdepreciationas part of factorincome).Pyo and Kwon
[1991, table 4], drawing upon the estimates of Kim and Park, but including
depreciationin factor income, arrive at an average share of labor in the private
sector economy of 51 percent. I have experimentedwith adjustments for implicit
wages in Koreabased upon firm size. I did not includethese adjustments,however,
because I found that the substantial impact of firm size adjustmentson the labor
share was largelydependentupon the relativelylow wages of paid workersin firms
with less than ten employees. It is unclear, however, whether these low wages
reflectthe low marginalproductof such workersor, instead, an implicitinvestment
by the workerin the capitalof the small firm.
42. Pyo, Kong,Kwon,and Kim also makeuse of data in the OccupationalWage
Survey on worker characteristics,hours, and incomes to weight by age, sex, and
education,which adds about 2.3 percentper annum to their measure of the growth
of labor input. The OccupationalWageSurvey is not, however, a balancedsample.
For my estimates I use census data to establish the characteristicsof the working
population, drawing on the OccupationalWageSurvey for data on average hours
and incomes by worker characteristic,under the assumption that the sample is
more representativewithin cross-tabulatedcells. My adjustments add 1.3 percent
per annum to the growthof laborinput duringthe 1970-1990 period,or 1.0 percent
less than Pyo, Kong,Kwon,and Kim.
43. Moon, Jo, Whang, and Kim also report, separately, adjustments for the
characteristicsof workers and the quality of capital as a means of explainingtotal
factorproductivitygrowth.After these adjustments,their residualamounts to only
0.6 percent per annum. These adjustments,however,use an unusual methodology,
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Finally, Dollarand Sokoloffs [1990] study of Koreanmanufacturing arrives at the spectacular estimate of 6.1 percent total
productivity growth per annum for the period 1963-1979. This
study draws its output measures from the Miningand Manufacturing Survey.44During the period coveredby the study, the output of
the firms reported in the Mining and ManufacturingSurvey grew
some 2.5 percent faster per annum than the output for the
manufacturing sector reported in the national accounts. I
have repeatedly questioned the Korean national accounts authorities on this issue, and they steadfastly maintain that the Survey
is not representative of the entire manufacturing sector. Apparently their adjustment of the survey data, using alternative
sources, leads to a considerably lower estimate of the growth of
the manufacturing sector. If one subtracts two and a half
percent excess output growth from Dollar and Sokoloff's
estimates, one arrives at an estimated total factor productivity
growth rate of about three and a half percent per annum which,
if further adjusted for labor weighting (not included in their
study), would yield an estimate close to that reported in this
paper.45

e.g., the productivityof capital equipmentis assumed to be inversely related to its
age, and are not comparableto the weighting proceduresused in this paper.
44. Dollar and Sokoloffactually make use of the Koreanoutput data reported
in the United Nations' Yearbookof Industrial Statistics, which, however,is drawn
from the Miningand ManufacturingSurvey.
45. Interestingly, the discrepancy between the Survey and the National
Accounts largely disappears during the 1980s. It is possible that the earlier
inconsistency stems from improvementsin the Survey coverage. During the late
1960s and early 1970s, if one benchmarksthe capitalstock using the net fixedassets
reportedin one surveyyear and then cumulatesinvestment, the resulting estimated
capital stock is invariablyless than the net fixed capital stock reported in a later
year. Duringthe 1980s, however,the annual net fixedcapitaland investment series
are broadlyconsistent. Even if one wishes to restrict one's analysis to the survey
firms alone, changes in survey coveragemake estimation of the capitalstock (which
no longer dependsupon flow values of investment) quite difficult.I should note that
changes in survey coverage are a typical problem in the NICs, e.g., in the
SingaporeanSurvey of Industrial Production, and that the national accounts in
those countries make adjustments for this. In the case of my estimates of
Singaporeanmanufacturing,I have restrictedmy analysisto the periodin whichthe
survey coverageappearsto have been stable.
With regardto the other NICs, the best study, by far, is Tsao's [1982] analysis
of Singapore,which estimates an averagetotal factor productivitygrowth rate for
the economy as a whole of -0.3 percent per annum during the 1966-1980 period
and an average rate of -1.2 percent per annum for 28 manufacturingindustries
between 1970-1979. My earlier estimates for Hong Kong and Singapore [Young
1992] are completelysupercededby the numbersreportedin this paper,which make
use of additionalunpublishedcensus and national accountsdata.
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VIII. SUMMARYAND CONCLUSIONS

Underlying the pervasive influence of the East Asian NICs on
both theoretical and policy-oriented research in the economics
profession lies a common premise: that productivity growth in
these economies, particularlyin their manufacturing sectors, has
been extraordinarily high. The results of this paper, as summarized in Table XIII, suggest that this premise is largely incorrect.
Over the past two and a half decades, productivity growth in the
aggregate nonagriculturaleconomy of the NICs ranges from a low
of 0.2 percent in Singaporeto a high of 2.3 percent in Hong Kong,
whereas in manufacturing productivitygrowth ranges from a low
of -1.0 percent in Singapore to a high of 3.0 percent in South
Korea. For the purposes of comparison,Table XIV reproducesthe
results of two detailedcross-countrystudies of productivitygrowth,
with methodologiessimilar to that used in this paper.As the reader
can see, it is not particularlydifficultto find either developedor less
developed economies whose productivity performance, despite
considerablyslower growth of output per capita, has approximated
or matched that of the NICs. While, with the exception of
Singapore,productivitygrowth in the NICs is not particularlylow,
it is also, by postwar standards, not extraordinarilyhigh.46
Table XV helps the reader reconcile the moderate estimates of
total factor productivity growth found in this paper with the
towering record of output growth in the East Asian NICs. The
table begins by presenting a "naive" prior estimate of total factor
productivity growth in these economies, one based solely upon
observation of the growth of output per capita, the statistic most
frequently encountered in broadinternational data sets. Assuming
that the analyst's priorwas that all other ratios (e.g., participation,
capital-output, etc.) had remained constant, the naive estimate of
total factor productivitygrowth would be the labor share (believed
to be, say, 0.6) times the growth of output per capita.47These,
rather extraordinary,estimates of 3.4 to 4.1 percent per annum are
presented on line (1) of the table. If, in addition, the analyst was
aware that participation rates had risen in these economies, the
46. In this regardit is interesting to note that Lau and Kim [1994], using an
econometricapproachto the study of productivitygrowth, find that productivity
growth in the NICs over the past few decadeswas not significantlydifferentfrom
zero.
47. Recallthat total factor productivitygrowthis simplythe weightedaverage
of the growth of output per unit of laborand output per unit of capital.
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TABLEXIII
AVERAGE TOTAL FACTOR PRODUCTIVITY GROWTH
(PERCENT PER ANNUM)

Hong Kong
(1966-1991)

Singapore
(1966-1990)

South Korea
(1966-1990)

Taiwan
(1966-1990)

2.3
NA
NA
NA
NA

0.2
-1.0
NA
NA
NA

1.7
3.0
1.9
1.7
NA

2.1
1.7
1.4
2.6
2.3

Economy*
Manufacturing#
Other industry
Services
Private sector

NA-not available. *In the case of Korea and Taiwan, agriculture is excluded. #In the case of Singapore, the
years are 1970-1990.

naive estimate would be the labor share times the growth of output
per worker, or, as shown on line (2) productivity growth rates of
between 2.5 and 3.4 percent per annum. Refocusing the analyst's
view on the nonagricultural sector (i.e., noting the slower growth of
output per worker in that sector) and informing him/her about the
unusual Taiwanese approach to the measurement of public sector
output,48 would lead to the estimates presented on line (3). Thus, in
simply moving from the common international data on output per
capita to country-specific data on output per worker in the
nonagricultural sector, the analyst's naive (i.e., still assuming that
other ratios remained constant) estimates of productivity growth
would fall to between 2.5 to 3.0 percent per annum.
Line (4) of Table XV, which can be considered the starting
point of the estimates in this paper, modifies the naive analysis to
include the actual, estimated, share of labor. Since these shares are
generally estimated to be above 0.6, the starting point of my
analysis is somewhat above the figures on line (3). The table then
shows the contribution of various factors to lowering this estimate.
Weighting of labor input, i.e., taking into account changes in the
age, sex, and educational composition of the workforce and adjusting for hours of work, lowers the productivity estimates by a little
over half a percent in Singapore and South Korea, but by only a
minimal amount in Hong Kong and Taiwan, where the common
increases in educational attainment were offset by declining hours
of work. With the exception of Hong Kong, capital deepening, i.e.,
the increase in the crude capital-output ratio brought about by the
rapid rise in the investment to GDP ratio, contributes to about 1
48. See SectionVI.
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TABLE XIV
COMPARATIVE
TOTALFACTOR
PRODUCTIVITY
GRowrH
PERANNUM)
(PERCENT
Country

Period

Growth

Country

Period

Growth

Canada
France
Germany
Italy
Japan
United Kingdom
United States

1960-1989
1960-1989
1960-1989
1960-1989
1960-1989
1960-1989
1960-1989

0.5
1.5
1.6
2.0
2.0
1.3
0.4

Brazil
Chile
Mexico
Brazil (M)
Chile (M)
Mexico (M)
Venezuela (M)

1950-1985
1940-1985
1940-1985
1960-1980
1960-1980
1940-1970
1950-1970

1.6
0.8
1.2
1.0
0.7
1.3
2.6

M-manufacturing alone; developed economies are from Dougherty [1991]; less developed economies from
Elias [1990].

percent per annum reduction in productivity growth. Weighting of
capital input, i.e., most specifically placing a greater weight on the
rapidly growing machinery stock,49 has a slight downward effect in
all four economies, with the largest effect being in Singapore,
where the capital share was greatest.
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. Each of these elements must be taken into account,
and each serves to lower one's estimate of total factor productivity
growth.50 While some of these factors have no doubt been present
in other economies, in the rapidly growing East Asian NICs they
are all, probably fairly uniquely, congruently present.
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
49. See footnote 25 above.
50. In fact, as can be seen from the literature review in Section VII, some
estimates of these effects far exceedmy own.
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in output brought about by the rise in participationrates, 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 admirablywell equippedto explain the East Asian
experience. Neoclassical growth theory, with its emphasis on level
changes in income and its well-articulatedquantitative framework,
can explain most of the differencebetween the performanceof the
NICs and that of other postwar economies.
APPENDIX: SOURCES

Hong Kong. Estimates of Gross Domestic Product 1966 to
1992, Estimates of Gross Domestic Product 1961 to 1975, and

unpublished tabulations from the Hong Kong government5' provided data on Gross Domestic Product (GDP) and Gross Fixed
Capital Formation (GFCF) by asset type at current and constant
1980 market prices for the period 1961-1991.52 Estimates of
1947-1960 investment by asset type were derived from data on
retained imports of machinery and equipment, private construction expendituresand government capitalexpenditurepublishedin
Hong Kong Statistics 1947-1967, deflated to 1961 prices using the

nonfood retail price index (the only price index available)and then
linked to 1980 prices using the 61/80 deflators by asset type from
the national accounts. Compensationof employees as a percentage
of GDP for all years except 196653were taken from current and
historical issues of Estimates of Gross Domestic Product, data

provided by the Hong Kong government, and the pilot national
income survey of Hong Kong [Chang, Report on the National
Income Survey of Hong Kong, 1969].

Estimates of the working population cross-tabulatedby class
of worker, sex, age, education, income, and hours of work were
derived from published and unpublished census tabulations. For
51. The 1961-1975 GDP estimates lacked several components introduced in
the later series (e.g., adjustment for the profit margins of real estate developers).
The data provided by the Hong Kong government allowed me to adjust the old
series.
52. The Hong Kong national accounts measure of GFCF includes the transfer
(i.e., transactions) cost of (used and new) buildings and an adjustment for the profit
margins of private real estate developers. I exclude the transfer cost from my
measures of investment and capital, but include the margins of real estate
developers (which I distribute across different types of private sector construction in
proportion to their value).
53. Where the value was taken as the average of the 1961 and 1971 percentage
shares.
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earlier years hours of work and relative incomes by worker
characteristicwere assumed to be constant at the levels reportedin
the 1971 and 1976 censuses, respectively, the earliest dates for
which detailed data of each type were available.
Singapore. Singapore National Accounts 1987, Yearbook of
Statistics Singapore 1991, and Economic and Social Statistics

Singapore 1960-1982 provided data on GDP and GFCF by asset
type at current and constant 1968 and 1985 prices for the period
1960-1990. 1947-1959 investment in buildings and structures was
estimated from data on the construction of one-family equivalent
residential units and retained imports of cement (linked to 1985
prices using the overlap of these data with the 1960-1962 GFCF
data) taken from the monthly issues of Malayan Statistics. Data on
compensation of employees as a percentage of output at basic
values (i.e., excluding commoditytaxes) for the years 1973, 1978,
1983, and 1988 from the Singapore Input-Output Tables were

taken as the (unadjusted) share of labor for those years, with
values for other years interpolated or extrapolated (at constant
levels), as necessary.
Estimates of the workingpopulationcross-tabulatedby industry, class of worker, sex, age, education, and income were derived
from the published and unpublished tabulations of the Sample
Household Survey 1966 and 1970, 1980, and 1990 censuses. The
1966 Sample Survey and 1970 Census provide little data on the
income of workers.54Averageincomes by workercharacteristic,for
use in computing the income weights for these years, were derived
from the Household Expenditure Survey 1972/1973 and Labour

Force Survey 1973. Average hours of work by industry for 19721990 were taken from annual issues of the Yearbookof Statistics,
with hours of work prior to 1972 assumed to be constant at the
level reportedin 1972.
South Korea. National Accounts 1990 and National Accounts
1991 provided data on GDP and GFCF at current and constant

1985 prices for the period 1970-1990 (the "New System" accounts), while National Income in Korea 1982 provided the same

data (at 1975 constant prices) for the period 1953-1981 (the "Old
System" accounts). Although the (revised) New System accounts
should be superiorto the Old System accounts in their measures of
54. The 1966 Sample Survey collected some data on the employee income of
heads of households, but the published tabulations only cross tabulate this with
occupation,which is of little use in estimating the full array by industry, sex, age,
and education.
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output and capital formation, they unfortunately follow the 1968
United Nations System of National Accounts (SNA) in classifying
capital formation by industry of ownership, rather than by industry of use (as was the case in the Old System accounts, which
followed the 1953 SNA). Provided that the ratio of ownership to
use remains roughly constant over time, the New System accounts
still providea reasonable measure of the growth of capital input by
industry. A problem arises, however, in linking the Old and New
System accounts, when the change in definition induces a dramatic
change in measured capital input by sector. To ameliorate this
problem, I use the Old System accounts to measure the growth of
capital and output by industry for the 1960-1975 period and the
New System accounts (initializing the capital stock with the 1969
Old System values) for the period 1975-1990.55 Measures of
indirect taxes, and their distribution by type, were taken from the
national accounts sources and the annual issues of the Economic
Statistics Yearbook.Data on compensation of employees by economic sector are providedin National Accounts 1990. Since the Old
System accounts do not provide data with similar detail, I assume
that the share of laborby sector in 1960 and 1966 equaled the ratio
estimated for 1970.
Estimates of the working population cross-tabulatedby class
of worker, sex, age, and education were derived from published
census tabulations, supplemented with data from the Economically Active Population Survey (where this contained tabulations
unavailable in the census). Incomes and hours of work by worker
characteristicwere estimated from the publishedtabulations of the
Occupational Wage Survey for the period 1971-1990. For earlier
years hours of work and relative income's by worker characteristic
were assumed to be constant at the levels reportedin 1971.56
Taiwan. Unpublished data providedby the Taiwanese government included information on capital formation and output in
current and constant 1986 prices, as well as compensation of
55. For the analysis of the aggregate nonagriculturaleconomy, where the
distinction between user and owner is less significant, I use the Old System for
1960-1970 and the New System (initializedwith the OldSystem values of 1969) for
1970-1990.
56. Both the EconomicallyActive Population Survey and the Monthly Wage
Survey (reportedin the Yearbookof Labour Statistics) contain data on hours of
work (in the formercase extendingbackto the early 1960s). The hours of work data
reportedby both sources,however,are uncorrelatedwith movementsin output (and
with each other), which is not the case with the occupationalwage survey, which
also provides considerably greater detail. In any case, no source shows any
substantialtrend in nonagriculturalhours of work since 1966.

QUARTERLYJOURNAL OF ECONOMICS

678

employees and indirect taxes. The publicationNational Income in
Taiwan Area of the Republic of China summarizes much of these
data. Estimates of the working population by class of worker,
industry, sex, age and education were derived from English and
Chinese language census sources.57Employee incomes by worker
characteristic for the years 1976, 1980, and 1990 were estimated
from the data tapes of the Survey of Personal Income Distribution
(summarizedin the publicationof the same name), with labor force
estimates prior to 1976 weighted with the relative wages of that
year. Hours of work data from 1970 on were estimated from the
results of the monthly labor force survey,58with hours of work for
earlier years assumed to be constant at the levels reported in
1970.59
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