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l. Introduction

The rapid growth experiences of several Asian countries during the past decade raise
the need and interest to measure their performances more accurately, and to make sensible
comparisons among these countries and other industrialized nations. This study applies
the modern economic theory of index numbers for international comparisons of output,
input, and productivity for five ASEAN countries (Indonesia, the Philippines, Thailand,
Malaysia, and Singapore) and Hong Kong, Taiwan, and Korea. The comparisons are
made for nine outputs and three factors across countries over time.

The method of bilateral and multilateral translog index numbers developed by Caves,
Christensen, and Diewert [1982a] along the line of the Tornqvist-Theil approximation
to the Divisia index formula (Diewert [1976], Caves, Christensen, and Diewert [1982b])
is employed to perform international comparisons of productivity. Although the metho-
dology used is relatively new, it is used in the growth study of the United States and Japan
(Jorgenson and Nishimizu [1978]), and in the study of regional performance of Canadian
manufacturing (Denny, Fuss and May [1981]) among others. Multilateral productivity
index comparison is extended recently by Pittman [1983] to include the undesirable
outputs in the production function.

This paper is an empirical application of index numbers to measure and compare
productivity for several developing Asian countries. The focus is on the analysis of pro-
ductivity growth of aggregate factors and that of technological differences among various
output sectors. It is assumed that each of these countries consists of a group of aggregate
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producers who produce commodities and services by employing labor and capital re-
sources. Given a technology level and the prices of all goods and resources, the producer
(economy) is assumed to maximize the revenue and to minimize the cost of production.
The structure of production technology in different countries at different times can be
virtually arbitrary, and the application of translog function to approximate the true
production function allows for modeling these diversified technologies up to the second
order. This study is the first attempt to apply translog output, input, and therefore, pro-
ductivity indexes to eight Asian countries at various levels of development within a time
frame of twelve years, from 1970 to 1981. Jorgenson and Nishimizu [1978] applied the
bilateral indexes to compare the economic growth of U.S. and Japan from 1952 to 1974.
In their study, goods and services are divided into two categories, consumption and invest-
ment. However, they did not investigate the sectoral breakdowns of aggregate output. In
this study, sectoral breakdowns are examined because of concerns over differences in
economic structures and in the sources of economic growth among nations in the region.
The study emphasizes the international comparisons of sectoral total factor productivity
as well as comparisons of individual factor productivity. Both bilateral and multilateral
indexes are constructed to evaluate the performance of these Asian nations. Bilateral
indexes are used for the chain comparisons of total productivity over time for each coun-
try, and multilateral indexes are used for the cross country comparisons of technological
differences in the various output sectors and for the comparisons of labor and capital
productivities.

The paper, therefore, reports and documents the results of the empirical application of
the translog index numbers on the eight Asian countries. As such, the paper does not offer
any interpretations of the results, does not highlight the economic issues that emerges from
the observed total factor productivity differences, nor does it provide policy implications
based on the results. All these are important and perhaps more interesting departuresfrom
an initial study that uncovers the prospects for further research. We report these results
to stimulate further studies that require detailed investigations of total factor productivity
growth of individual countries that may provide insights to important policy issues re-
garding international competitiveness (for productivity studies of individual countries,
see Christensen and Cummings [1981], Tsao [1985], and Wiboonchutikula [1982]).

The theoretical foundation of bilateral and multilateral index number comparisons is
presented in the next section. Section III describes the empirical implementation of the
theoretical model of index numbers, the procedures of data collection, and the construction
of value shares and prices of nine outputs and three factors. Empirical observations on the
productivity comparisons of individual countries over time, the total factor productivity
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comparisons by sectors, and the individual factor productivity comparisons are made

in Section IV, Finally, section V suggests extensions of this study into various directions.
Il. Theoretical Foundation of Index Number Comparisons

Recent developments in the economic theory of index numbers provide a solid founda-
tion for bilateral and multilateral comparisons of different economic entities over time
(Diewart [1976], Caves, Christensen and Diewert [1982a and 1982b], and Denny and
Fuss [1983a and 1983b]). Basically, one can specify an aggregator function (production
function, utility function, etc.) with desirable properties and derive the corresponding
indexes for bilateral and multilateral comparisons. The analysis holds for very general
structures of aggregator functions that is also empirically implementable using only
observed prices and quantities of outputs and inputs. Discussions of the general metho-
dology used in this study can be found in Caves, Christensen and Diewert [1982a and
1982b], and Denny and Fuss [1983b].

Assume each country at any moment of time uses JV factors to produce M outputs.
Given a country s (s = I, ... §), a general production function can be written as Fs(Xs,
Y*), where X5 = (X{, ..., X}), Y* = (Y5, ..., Yjy) are the lists on )V inputs and M out-
puts.! Given the prices of outputs and inputs, P* = (P, ..., P§) and Ws = (W3, ...,
W5), and the classical behavior assumptions of cost minimization and revenue maximiza-

tion, the Tornqvist-Theil bilateral output and input indexes are as follows:
log Q¥ = log Y* — log Y! = 1/2 }}: (U% + UY) (log Y% — log YY) (1.a)
log ¢* = log X* — log X! = 1/2 33 (V% + V}) (log X} — log X)) (1.b)

where Y5 and X are the translog aggregates of output Y3, ..., Yj, and factors, Xj, .. .,
X§; Ui = PsY§/ X P3Y5 and Vi = WiX§/ 3 WiX; are the value shares of ith output and
1 Fi

Jth factor respectively for country s = k, [.2 As usual, productivity comparisons can be

1 Most industrial analyses emphasizing on the specification of production technology of a particular firm
or industry require detailed information on inputs and outputs at the disaggregated level. However, this study
looks at the sectoral output distribution and employment of aggregate factors in the economy. The production
function F*(X*, Y*) conveys the information of preduction and distribution technology in the economy trans-
forming aggregate factors X*into various sectoral outputs ¥*.This analysis eliminates the need for information
regarding the sectoral breakdowns of factor inputs which is usually not available for developing countries.
Total factor productivity for each sector is, therefore, interpreted as the sectoral output contribution of factors
employed in the economy.

2 In general, s would be an index of time and/or cross-sectional entity. For time series comparisons, 5 =
k, refers tok = tand /=t + 1 for a given country. On the other hand, in cross-sectional comparisons, k
and [ represent different countries for a specific time period.
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interpreted as comparisons of outputs relative to inputs, and vice versa. Based on the

output and input index measurements, the two corresponding productivity indexes are
log 24 = log Q¥ — log ¢# + 7 and (22
log ZH = log Q“ i log gld + RI’I, (2.b)

respectively, where ¥ and R¥ are the scale factors of inputs and outputs. The output and
input based productivity indexes are identical except for the scale terms y# and R*. For
constant and decreasing returns to scale, the productivity measurement can be computed
from the observed data. However, for increasing returns to scale, knowledge of the scale
factors is required to calculate the productivity indexes.?

By substituting equations (1.2) and (1.b) into (2.a) and (2.b) respectively, produc-
tivity indexes can be rewritten as

log I = 1/2 33(U% + U)) (log Y%/ X* — log Y}/X') + 7¥, and

7

log 24 = 1/2 3 (V¥ + V)) (log Y*X* — log Y!/X}) + RM.

Under the assumption of constant returns to scale, total factor productivity can
therefore be decomposed into various output and factor components. For output j, the
corresponding total factor productivity comparison between entity £ and [ is measured by

log X% = 1/2(U% + Uj) (log Y%/ X* — log Y4/ X)), j=1,... M (3.a)
while the ith factor productivity difference between k and [ is
log z¥ = 1/2(V% + V}) (log Y*/X% — log Y!|X}),i=1,..., N. (3.b)
It is clear that log J* = ;} log Z¥ and log z# = )7 log 2¥.
The Tornqvist-Theil index numbers are attractive for making base-country invariant
binary comparisons. But a set of such binary comparisons does not necessarily satisfy the
circularity or transitivity requirement. As a matter of fact, the definition of bilateral index

can be modified to obtain a transitive multilateral index. Let a variable with bar be the

arithmetic mean of the variable under consideration. For example,

3 These non-parametric index number constructions were shown in Diewert [1976] and Caves, Chris-
tensen, and Diewert [1982a] by assuming constant return to scale translog production function. Later develop-
ment of Caves, Christensen, and Diewert [1982b] extended the same formulae to the general case which does
not require linear homogeneity in specifying production technology. However, equality restrictions on the
second-order parameters of the underlying translog function must be imposed. The weakness of this constant
share derivative is discussed in Denny and Fuss [1983b].
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log Y = l/SZs,‘log Ys andlog A = l/S;log Xs
are the arithmetic means of translog output and factor index, respectively. Now,
“log QF = 1/S X log Q¥ = 1/52; (log Y* — log Y*) = log Y* —log ¥
=1/2 ZJ; (U% + U,) (log Y — log Y;).
Then the Tornqvist-Theil multilateral output index is defined as
log Q¥ = og Q* — iog ' (4.2)
=122, (U + Uj) (log Y} — log ¥;) — 12 21 (U} + T)) (log ¥} ~ log Y)).
Similarly, the multilateral input index is
log ¢¥ = Tog ¢* — Tog ¢ (4:b)
=122 (Vi + V,) (log X} —log X)) — 1/2 33 (Vi + V) (log X! — Tog X,).
For deriving output-based multilateral productivity measurement, we define
log XF = 1/5¥10g6*3=m—m+f" and
-~ log ! = us);;mgzsf = log @7 — log ¢ + 7.
Then, the productivity index is
log {4 = log Z* — Tog X
= log QY — log ¥ + (7 — 7). (5.2)
Similarly, the multilateral input-based productivity index is
log 2% = log QK — log ¢% + (R* — RY). (5.b)

It is easy to show that these multilateral indexes are transitive, i.e., log Z¥ = log
Zm — log X7 and log 2% = log zi™ — log z7' and that they reduce to their corres-
ponding bilateral indexes when § is equal to 2.

Finally, under the assumption of constant returns to scale, output and factor com-

ponents of multilateral productivity indexes are obtained the same way as those of bilateral

indexes above (equations 3.a and 3.b). They are
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log Z¥; = 1/2(U} + T)) (log Y}/X* — (log ¥; — Iog X))
— 1/2(U} + U)) (log Y}/ X! = (log Y; ~ log X)), (6.2)
and
log 2%; = 1/2(Vt + V) (log X}/Y* — (log X; — log Y))
= 12(V} + V;) (log X}IY" — (log X; — log Y)) (6.b)

foroutputj = 1, ..., M and factori = 1,..., N, respectively. Again, log Z% = }log Z¥;
Fi
and log 2 = }log 2§

IIl. Empirical Model

Empirical implementation of the above theoretical model requires data on value
shares, prices and quantities of outputs and factors for each Asian developing country.
Since the real gross output data is either not readily available or is not systematically
collected in the region under consideration, we are constrained to apply the concept of
real gross domestic product or real value-added to model the production activities of these
nations.! By applying the concept of GDP in place of output variables Y3 for product j
and entity (country or time or both) s, U§ and V7§ are now interpreted as the GDP share
and factor share of jth product and ith factor, respectively for the economic entity s.
Equations (2.a), (2.b), and (6.2), (6.b) are the bilateral and multilateral index comparison
formulae used throughout the empirical implementation. Bilateral index comparison is
especially useful for own country productivity comparison over time. That is, by setting
a base year for each country, the pattern of productivity growth is revealed through
chained index numbers over time for the country. On the other hand, multilateral indexes
with the desirable characteristics of transitivity are useful for comparing differences in the
level of technology across country over time. That is, a particular country at a particular
moment of time is treated as the benchmark for comparison. Furthermore, meaningful

comparisons are also possible for any pair of countries at any period of time because of the

4The use of real GDP or real value-added in the context of production function can be justified if either
the underlying production function had a separable functional form with respect to intermediate materials,
or if the production function satisfied the Hicks’ aggregation condition (Diewert [1978]). Hicks’ aggregation
can be interpreted as a condition that prices of outputs and intermediate factors vary in proportion. There-
fore, many well-known results of production theory may be used in order to characterize the properties of real
value-added function (see Khang [1971] and Diewert [1978] for detail discussions on the application of value-
added function in modeling producer behavior). See also Hulten and Schwab [1984] for a recent application
of real valuz-a 1ded function to compare regional productivity growth in U.S. manufacturing.
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transitivity property of the index.

Problems of purchasing power parity conversion always arise in international com-
parisons because it is necessary to select a common unit of measurement to compare the
value of goods and services across countries. The advantage of applying translog bilateral
indexes for output, input, and productivity among nations is that these indexes do not
necessarily depend on any fixed conversion of local currencies to a common unit of meas-
urement. As a matter of fact, the output and factor indexes (see equations (1.a), (1.b) or
(4.a), (4.b) for comparing two countries k and /) contain information of real purchasing
power parity for output and factor, respectively. For example, the bilateral output index
between k and [ can be written as:

log Q4 = log (Y*/Y") = 1/2 X3 (U} + Uj) log (Y4/)).

Thus, Y* = QMY'! where Y+ is the translog aggregate of outputs, s = k,l. If different cur-
rency units are used in measuring the real values of outputs Y4¥and Y}, j=1,..., M,
the resulting index Q¥ reflects not only the real output differences but also the differences
in units of measurement for outputs in countries &£ and [. Similarly, the factor index re-
flects not only the real factor differences but also the differences in units of measurement
for factors in countries £ and {. Productivity change, defined as the difference of logarithmic
output and factor indexes (under the assumption of constant returns to scale), also re-
flects the parity or price differential in addition to quantity differences.

From equations (4.a) and (4.b), the multilateral output and factor comparisons re-
quire the construction of a hypothetical entity representing the average of logarithmic
outputs and factors of members in the region. A common unit of currency measurement
is needed for computing this regional average before any comparisons can be made be-
tween countries. For simplicity, the regional averages of outputs and factors are constructed
by converting real outputs and factors of all countries into 1970 constant U.S. dollars via
official exchange rates adjusted for inflationary differences between U.S. and the country
under consideration. Therefore, the multilateral index comparisons involve a two step
procedure. First, the bilateral comparison is made against the regional average, and se-
cond, this difference is used to compare against the same difference of the benchmark
country.

Data of output and factor series for eight Asian developing countries from 1970 to
1981 are constructed from the following sources: U.N.’s Yearbook of National Accounts,
Statistical Yearbook for Asia and Pacific, ILO’s Statistical Yearbook, Key Indicators of

Developing Member Countries of the Asian Development Bank, and statistical yearbooks
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of individual countries.

Sectoral GDPs at constant prices are collected as the output series in this study for
each country. These sectors are agriculture, mining and quarrying, manufacturing,
utilities (electricity, gas and water), construction, trade, transport and communication,
finance, and government and others. Output price indexes are the ratios of current and
constant values of GDPs. Hong Kong and Malaysia do not report sectoral GDPs in both
current and constant terms. The former reports the current values of GDPs at the industry
origins only while the latter reports the constant values of sectoral GDPs since 1970.
Therefore, their general GDP deflator is used to approximate the prices for outputs of all
sectors.

In the context of production studies using real GDP or real value-added as the out-
put proxy, labor and capital are the primary production factors. The concept of production
cost used here is similar to the concept of gross domestic product at factor cost that is
usually available in the national account statistics of individual countries. GDP at factor
cost consists of domestic income (labor compensation and operation surplus—rent,
interest and profit) and allowances for fixed capital consumption. To construct factor
shares and prices of various factors, GDP at factor cost is decomposed into labor com-
pensation, physical capital services, and working capital services. The latter two forms of
capital factors are extracted from operation surplus and allowances for capital consump-
tion. However, not all countries in this study maintain the same definition and procedure
for reporting factor series. National account statistics of Korea, Taiwan, and Thailand
provide complete information of compensation of employees, operation surplus, and
capital consumption allowances. Indonesia and the Phillippines do not separate factor
income into labor compensation and operation surplus requiring the use of average wage
rate and total employment to approximate the labor cost. Furthermore, due to data un-
availability, wage and employment for Indonesia prior to 1976 are approximated from the
CPI and the proportion of labor force in the total population, respectively. For Malaysia,
the category of operation surplus includes the allowances for fixed capital consumption,
but data on labor compensation and operation surplus are incomplete. The missing values
of labor cost are filled by using average wage rate and employment. Singapore also does
not report detailed breakdowns of gross factor income. Again, labor cost of Singapore is
approximated by the average wage rate, average hours of worked, and total employment.

The actual consumption of fofal capital is defined as the residual of GDP at factor cost

and labor compensation. This is a well-established approach to estimate the cost of all

8 We thank Dr. J. M. Dowling, Jr. of ADB in Manila for providing us ADB data and the Philippines
statistics.
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capital,'which includes rent, interest, profit, and depreciation of fixed capital (Griffin and
Gregory [1976], Pindyck [1981]). Berndt and Wood [1975], [1979], on the other hand,
use a concept of “‘service cost of reproducible capital” which is defined as the product of
serivce price and quantity of physical capital in use. Field and Grebenstein [1980] provides
a further distinction of total capital by separating it into the “service cost of physical
capital” and the *“cost contribution of working capital.” It is important to separate these
two types of capital because their relationships with some intermediate factors (for ex-
ample, energy) are different (for details, see Field and Grebenstein [1980]).6 Defining
total capital as K = K1 4+ K2 where K1 is the service flow of physical capital and K2
is that of working capital, the cost of total capital becomes Py K = PgK1 + PyyK2 where
Py, Py, and Py, are service price of total, physical, and working capital. Derivations of
Py, and Py, are explained in the following paragraph.

According to Christensen and Jorgenson [1969], the asset price P of fixed capital
equals the present value of future services of the asset evaluated at the service price Pg;.
For simplicity, by disregarding tax structures and assuming that the service from an asset
declines geometrically over time, the service price of physical capital can be expressed as
the sum of the cost of capital, the current cost of replacement, and the cost of capital
loss on the value of the fixed asset. In this study the Christensen and Jorgensons® service
cost formula for physical capital has to be modified in order to avoid a result of negative
prices during periods of worldwide recession and inflation in the 1970s. In particular, we
assume that if the rate of return did not cover the cost of capital loss on the value of the
fixed asset, the price of capital is simply the cost of replacement. The service price of

physical capital is thus

p {r!Pi"-l + dPy — (Py — Pyy), ifr, > (P, — Pi_1)IPy
k=

dpP,, otherwise.

where { is the time subscript, r is the rate of return on fixed capital and d is its replacement
rate. For empirical implementation, the asset price P of physical capital is computed from
the series of gross fixed capital formation in current and constant values, while physical
capital stock is obtained from the perpetual inventory formula by using data of gross
fixed capital formation and capital consumption allowances measured in constant values.

The implicit average rate of depreciation computed from the ratio of capital consumption

6 In view of the sample period used, one might suspect that large changes in real energy prices might
have significant impacts on the apparent productivity of capital and labor. However, the inclusion of energy
as a separate factor in this study is not possible due to the lack of consistent energy consumption data for those
countries in the study. The value-added context of model specification also prevents the inclusion of energy
factor in the analysis.
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allowances and capital stock is then used to approximate the replacement rate of physical
capital. However, 10 percent is assumed for d if the data of capital consumption allowances
is not available (Malaysia, Hong Kong, and Singapore are examples). Ideally, the long-
term government bond interest rate should be used to approximate the rate of return on
fixed assets. Unfortunately, this rate is not available for the countries under investigation.
Therefore, the central bank discount rates are used as proxy for the variable 7 except for
Singapore, Hong Kong, and Indonesia where the average of 12 months time deposit
interest rate is used.

Finally, as discussed above, the service cost of physical capital for each country is
obtained by multiplying the service price with the beginning-of-year capital stock. The
service cost of working capital and its corresponding price are obtained from the residual
of GDP at factor cost, labor compensation, and service cost of physical capital.

IV. Empirical Observations

This section reports the results of three types of productivity comparisons of the
countries under study over the period 1970-1981, namely, productivity comparisons of
each country over time, total factor productivity comparisons for each sector, and labor
and capital factor productivity comparisons among the countries. In summary, total
factor productivity is found to increase gradually over time for all countries except during
the years of high inflation and recession for Hong Kong and the Philippines. For most of
ASEAN countries, however, the total factor productivity growth was minimal. It is also
observed that labor productivity increased but physical capital productivity declined dur-
ing the study period. Total contribution of working capital was relatively stable for all
countries, except for Hong Kong in 1974-75. The growth and development of the smaller
countries like Hong Kong and Singapore resulted largely from the more productive service
sectors such as finance, trade, and transport. Two of the newly industrialized nations,
Korea and Taiwan, experienced strong productivity growth in manufacturing, utilities,
and construction. Finally, with their rich endowment of natural resources, Indonesia and
Malaysia had high performance in the area of mining and quarrying. Below are the

detailed discussions of our empirical observations.
A. OWN COUNTRY PRODUCTIVITY COMPARISON OVER TIME

Productivity comparison over time for each country is obtained from equations (2.a)
and (2.b) with k = tand [ = t — 1. The chained indexes {1 or z!~1 are constructed
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by setting 1970 equals to 1.0 for each country under the assumption of constant returns
to scale. In general, we observe that the total factor productivity of each country over time
showed gradual but increasing trend except for Hong Kong and the Philippines. Pro-
ductivity of the Philippines over time was variable with sharp declines during 1975-77 and
1978-1979 periods. As for Hong Kong, productivity was quite stable except for the 1973-
1977 period when it was highly variable. Further, Hong Kong showed declines in pro-
ductivity from 1980-81. Within a decade or so of study period, total factor productivity
increased more than 15 percent in Taiwan, and about 8 percent in Korea. The strong
productivity growth of Taiwan and Korea from early 1970s is believed to be the driving
force of economic development in these two countries (See Christensen and Cummings
[1981] for a study of Korean productivity). On the other hand, the productivity per-
formance for ASEAN countries was minimal. Malaysia and Indonesia, with their com-
petitive advantage in natural resources, enjoyed a steady but small growth of total factor
productivity from 1974 on, while Singapore and Thailand showed little improvement of
productivity growth. Economic growth without productivity—Rapid growth of output
accompanied with high rate of factors increase—has been characterized as the develop-
ment experience of the latter two countries and Hong Kong in the 1970s (see also Taso
[1985], and Wiboonchutikula [1982]). These comparisons of productivity over time are

shown in Table 1 below.

B. TOTAL FACTOR PRODUCTIVITY COMPARISONS

Multilateral comparisons of technological differences among countries are obtained
from equation (6.a) by setting Singapore 1970 as the base; that is, the index of Singapore

TABLE 1 Own Country Productivity Comparison Over Time
(1970 = 1.0)

YEAR INDON. KOREA TAIWAN PHILIP. THAILAND MALAYSIA H.XK. SING.

70 1 1 1 1 1 1 1 1
71 1.007541 0.997406 0.998513 1.042145 0.994409 0.999188 1.054656 1.000984
72 0.993054 0.988489 1.017485 1.014669 0.994630 0.997267 1.091253 1.004459
73 0.982714 1.001186 1.035059 1.076577 0.992756 0.998005 1.026001 1.002193
74 0.976346 0.994456 1.052863 1.019372 1.011342 1.016309 0.922666 0.976199
75 0.983766 1.027053 1.060061 1.024635 0.995880 1.005250 1.279676 0.972092
76 1.005764 1.050700 1.088385 0.870739 1.000583 1.022387 1.129277 0.992828
77 1.015052 1.060862 1.099811 0.826524 1.002704 1.041138 1.020371 0.990837
78 1.011830 1.073609 1.133858 1.105088 1.002556 1.043907 1.026073 0.988919
79 1.014148 1.088061 1.164523 0.962735 1.011968 1.044805 0.999355 0.992462
80 1.010020 1.075661 1.182959 0.975233 1.009963 1.050570 1.007882 0.997118
81 1.020687 1.081971 1.186478 1.071536 0.990880 1.057753 0.945324 1.002332
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1970 is 1.0 for all sectors. In other words, Singapore in 1970 is the benchmark of com-
parison for all nine sectors of total factor productivity. Here, total factor productivity of a
particular output sector is interpreted from the macro viewpoint of the economy. When the
output share of a particular sector shrinks, factors employment in the economy may not be
affected due to redistribution of resources among different sectors. It is the contribution of
total aggregate factor in a given output sector that we try to measure and compare. Table 2
reports the total factor productivity for each of nine sectors across eight countries. The
indexes Y;/X (or Q4 as denoted earlier with [ to be Singapore 1970, and k the country
under study) are the measurement of technological differences from the benchmark for the
Jjth sector.

(B.1) Agriculture and Mining

Over the period of study, agriculture output contribution of total factor declined in
every country except for the small growth observed in the Philippines. Also, large tech-
nological differences are observed between Indonesia and Singapore, and between
Indonesia and Hong Kong. Although Indonesia’s productivity in agriculture showed a
declining trend, Indonesia led all the other countries in the level of technology in agri-
culture.

In the mining sector, total factor productivity for Indonesia increased significantly
during 1973-1974 and maintained at a high level into the 1980s. Note that the GDP share
of the mining sector in Indonesia grew by a magnitude of 400%, in the twelve year period.
We suspect that the increases of mining output contribution of total factor in Indonesia
were attributable to the higher price of oil during this period. We further observe that
Malaysia had the next highest technological level in mining, however, productivity in
mining for Malaysia declined over the period accompanied by the decrease of its GDP
share from 79, in 1970 to 4%, in 1981. The decline of world tin market in the 1970s may
be the reason for such decreases in productivity. The technological differences in the

mining sector among the rest of the countries were negligible.
(B.2) Manufacturing

As seen from table 2, technological differences (or gaps) in manufacturing among the
countries are not as large as the gaps in the agriculture and mining sectors. Over the
period, all countries experienced productivity growth in manufacturing with Taiwan,
Korea, and the Philippines having the best growth. Although Taiwan had larger GDP
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shares and a higher level of technology in manufacturing than Korea, the technological
gap appears to be closing in the late 1970s and early 1980s. Total factor productivity in
manufacturing for Hong Kong appears to be stable except for the 1973-1976 period of
highly variable performance. Apparently Hong Kong is more vulnerable to shocks than
the other countries, and the GDP shares of this sector decreased from 309, in 1970 to 259
in 1980.

(B.3) Utilities and Construction

The utilities sector consists of gas, water, and electricity. Except for Hong Kong, all
countries showed mild productivity growth in this sector. Taiwan, Singapore, Korea, and
Malaysia showed the stronger performance while Hong Kong’s performance in this sector
mirrored the 1973-1976 shock in manufacturing.

Total factor productivity growth in construction was most dramatic in the Philippines
over the study period. GDP shares of the construction sector in the Philippines increased
from less than 4%, in 1970 to more than 89, in 1981. For the other countries, minor
differences in technological levels are observed except for the fluctuations for Hong Kong
and Singapore during the 1973-1976 period.

(B.4) Trade

The trade sector consists of wholesale, retail, restaurant and hotel services. Singapore
with 309, of GDP share in this sector, dominated in the level of technology. However, we
also observe that the technological gap is closing for all the other countries. Thailand, with
a relatively large and stable GDP share of 229 in this sector, retained its competitive posi-
tion in productivity with Singapore and Hong Kong. The Philippines exhibited strong but
fluctuating productivity growth in the trade sector and Hong Kong continued to show
the effects of the 1973-1976 shock. Productivity change in the 1974-75 period was most
dramatic for Hong Kong in this sector, even though its GDP share maintained at about
209, throughout the study period.

(B.5) Transport and Communication
With a rapid growth of the GDP share of the transport sector from 119, in 1970 to

209, in 1981, Singapore led in the technological level in this sector. Furthermore, the
technological gap appears to be widening against the other countries under study. Even
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though the technological gap in this sector is widening in favor of Singapore, we observe
productivity growth in the transport sector for the other countries. For example sub-
stantial productivity increases were seen for Korea and Taiwan since 1978. Hong Kong

again showed the variability of total factor productivity in the transport sector during the
1973-76 period.

(B.6) Finance

The finance sector includes banking, real estate, insurance and business services.
It is interesting to observe that Hong Kong and Singapore had approximately the same
GDP shares for the finance sector. However, Hong Kong led in the level of technology,
albeit, with fluctuations during 1973-1975. All countries appear to have stable produc-
tivity over the period except for the observed exponential growth of Singapore from 1979-
81. The exponential productivity growth of Singapore in the finance sector during the
late 1970s, if continued, will surpass the productivity level of the current leader Hong
Kong. We further observe that Thailand had closed the technological difference in the

finance sector against Malaysia even though the former had a smaller GDP in the sector.
(B.7) Government and Others

This sector consists of government, community, social and other services. Malaysia,
Hong Kong, and the Philippines were the leading group in technological differences in
this sector with Hong Kong exhibiting substantial variability during 1974-76. Also,
Singapore, Hong Kong, Taiwan, and Korea showed declining productivity with Singapore
suffering the greatest productivity decline from 1978-81. The GDP share of this sector
dropped from 159, in 1970 to a below 109, level in 1981 for Singapore.

C. INDIVIDUAL FACTOR PRODUCTIVITY COMPARISONS

The results of individual factor productivity comparisons based on multilateral index
(6.b) are given in Table 3. Three factors—labor, physical capital service, and working
capital services—are included for comparisons in terms of their contributions to the total
output or real GDP in the economy. The indexes Y/X; (or ¢¥ as denoted earlier with [
to be Singapore 1970 for all factors, and k the country under study) are the measurement
of factor productivity compared against the benchmark for the factor .
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(C.1) Labor Factor Productivity

In table 3, labor factor productivity for all countries shows an increasing trend with
small differences in the level of labor productivity among the countries, except for Hong
Kong and the Philippines. Korea and Thailand lead in labor factor productivity, how-
ever, the other countries appear to be closing the gap, especially during the late 1970s.
The labor productivity index indicates that the gap among the countries, excluding Hong
Kong and the Philippines, decreased from a high of 0.25 in 1970 to 0.1 in 1981. We also
observe that labor productivity of Taiwan has exceeded that of Singapore since 1978.

The difference in the level of labor productivity between Singapore and Hong Kong
increased in favor of Singapore over this period—from 0.25 in 1973 to a high of 0.55 in
1981. Labor productivity differences between Singapore and the Philippines has been
maintained at 0.3 over the period.

TABLE 3 Multilateral Factor Productivity Comparison Indexes
(Singapore 1970 = 1.0)

YEAR Y/X1 Y/X2 Y/X3
INDONESIA 1970 0.837012 0.982608 1.426105
1971 0.861345 0.984019 1.410205
1972 0.890869 0.961946 1.389796
1973 0.928572 0.957291 1.352045
1974 0.966423 0.953717 1.372580
1975 0.969532 0.941987 1.373226
1976 0.993936 0.930752 1.364349
1977 1.023148 0.918544 1.352199
1978 1.026443 0.913739 1.371421
1979 1.060864 0.907822 1.376453
1980 1.100152 0.905026 1.371151
1981 1.080835 0.895936 1.418351
KOREA 1970 0.983046 1.057922 1.102228
1971 1.008673 1.060741 1.099435
1972 1.018287 1.018432 1.102010
1973 1.053261 1.016837 1.076300
1974 1.070274 1.009506 1.066762
1975 1.093585 0.999261 1.087207
1976 1.122686 1.005320 1.095913
1977 1.164649 0.991733 1.091080
1978 1.207574 0.978081 1.087991
1979 1.229485 0.958845 1.096809
1980 1.198157 0.927110 1.143584
1981 1.225608 0.914999 1.155553
TAIWAN 1970 0.871230 0.972809 1.392885
1971 0.905417 0.960532 1.333909

1972 0.941885 0.951266 1.312321
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YEAR Y/X1 Y/X2 Y/X3
1973 0.965975 0.944927 1.308379
1974 0.956843 0.927733 1.359067
1975 0.968315 0.884206 1.351368
1976 1.017727 0.895262 1.340802
1977 1.035809 0.887934 1.338439
1978 1.079444 0.893378 1.311758
1979 1.107491 0.890608 1.322703
1980 1.132108 0.880909 1.314483
1981 1.153246 0.827237 1.302283
PHILIPPINE 1970 0.667777 0.977726 1.796375
1971 0.650605 0.964823 2.209491
1972 0.673038 0.959668 2.041503
1973 0.684679 0.957975 2.437804
1974 0.727442 0.954022 2.467229
1975 0.730575 0.946627 2.458540
1976 0.768078 0.934035 2.093182
1977 0.791947 0.922422 1.987612
1978 0.758556 0.912557 2.706662
1979 0.796799 0.901827 2.411257
1980 0.806744 0.886574 2.500978
1981 0.805597 0.870745 2.779619
THAILAND 1970 1.070882 1.021298 1.062758
1971 1.093544 1.030134 1.069917
1972 1.126214 0.998980 1.047315
1973 1.136589 0.999528 1.040111
1974 1.153434 0.995374 1.046611
1975 1.155478 0.993148 1.032419
1976 1.184560 1.011177 1.037443
1977 1.172814 1.017025 1.058551
1978 1.185847 0.995600 1.037199
1979 1.221830 0.984081 1.026430
1980 1.215813 0.979366 1.028372
1981 1.198673 0.999207 1.057635
MALAYSIA 1970 0.966987 1.001934 1.292129
1971 0.999111 1.005724 1.237611
1972 1.000181 1.054794 1.253467
1973 1.014132 0.987912 1.239072
1974 1.039771 0.977851 1.239283
1975 1.027923 0.959508 1.273177
1976 1.064248 0.957041 1.247511
1977 1.073008 0.952226 1.252802
1978 1.078683 0.945732 1.263047
1979 1.077977 0.943333 1.269024
1980 1.086970 0.937945 1.259071
1981 1.107744 0.928069 1.258479
HONG KONG 1970 0.691900 0.992960 1.342364
1971 0.715905 0.993971 1.343631
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YEAR Y/X1 Y/X2 Y/X3
1972 0.748061 0.992714 1.309497
1973 0.774742 0.986663 1.171157
1974 0.735057 0.965974 1.130311
1975 0.556760 0.961497 2.325966
1976 0.575450 0.967085 2.138322
1977 0.605219 0.971922 1.801283
1978 0.605958 0.972829 1.743486
1979 0.639379 0.977607 1.576759
1980 0.657484 0.979159 1.505386
1981 0.676517 0.974820 1.396020

SINGAPORE 1970 1 1 1
1971 1.017145 0.987353 0.990626
1972 1.044023 0.975726 0.974592
1973 1.034630 0.960836 0.976353
1974 1.037294 0.945122 0.954156
1975 1.051351 0.927236 0.980231
1976 1.063771 0.921259 1.004103
1977 1.073525 0.910573 1.012748
1978 1.079160 0.908225 1.004397
1979 1.087380 0.911950 0.985484
1980 1.100142 0.913823 0.964568
1981 1.120318 0.907325 0.957823

X1 = Labor
X2 = Physical Capital
X3 = Working Capital

(C.2) Capital Factor Productivity

Capital contribution to output, as noted in Section III is divided into two parts,
physical capital productivity and working capital productivity. The contribution of
physical capital service for all countries is observed to be decreasing over time. This ob-
servation, together with the observation of increasing trend in labor productivity reflect
increasing capital intensity in the production technology for all countries over the study
period.

Singapore, the Philippines, and Indonesia had very similar productivity of physical
capital, from an index of 0.9 to 1.0 over the period. Physical capital productivity of Korea
has decreased as significantly as that of Taiwan, except that Taiwan was at the lower level.
The index for Korea, which at 1.05 in 1970 was much higher than Singapore declined to
0.9 in 1981, the same level for Singapore in that year. Furthermore, Hong Kong, Thailand,
and Malaysia are observed to have similar levels of physical capital productivity and the
most gradual declines in productivity.

In terms of the relative contribution of working capital to output, we observe that all
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countries had similar and stable index of working capital productivity—between 0.95 and
1.45—except for Hong Kong and the Philippines. Hong Kong exhibited a very sharp
increase in this index for 1974-1975, and then the index declined to the level compatible
with other countries in 1981. The Philippines, on the other hand, showed an increasing
trend in working capital productivity at a high but unstable level—from 1.8 in 1970 to
2.8 in 1981. Hong Kong and the Philippines appear to be more vulnerable to shocks than

the other countries.
V. Conclusion

This study applies the economic theory of index numbers to compare technological
differences and productivity performances of eight Asian countries from 1970-1981.
Extensions of this study can be made in various directions. First, as mentioned earlier in
this paper, sectoral comparisons of output, factor, and productivity for individual coun-
tries may be important information in terms of a country’s development policy. Produc-
tivity studies of individual countries based on multilateral index numbers are particularly
useful because comparisons can be made either within the country or across competitive
countries over time. If data permits, national and regional productivity analyses grounded
on Tornqvist-Theil bilateral and multilateral indexes for major sectors should be taken.

As pointed out by Denny and Fuss [1983b], the use of nonparametric measurement
of bilateral and multilateral output, factor, and productivity implies some very restrictive
assumptions on the general specification of production technologies for each economic
entity involved. In particular, the increasing returns of output and factor cannot be
measured without econometric estimation. The current study is limited by the assump-
tion of competitive markets and of constant returns to scale in technologies. These as-
sumptions will be relaxed in future studies by structurally estimating the production
technologies explicitly. The bias from economic scale effect can, therefore, be corrected

in measuring output, factor, and productivity performance among these countries.
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