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Preface

This volume includes papers selected from an international con-
ference organized by China’s Reform and Development Pro-
gramme of the Hong Kong Institute of Asia-Pacific Studies, The
Chinese University of Hong Kong, the Department of Economics,
University of Pittsburgh and the Institute of Quantitative and
Technical Economics, Chinese Academy of Social Sciences, the
People's Republic of China, which was held at The Chinese Uni-
versity in 3-6 August, 1992,

The conference was attended by scholars from the United
States, Australia, Taiwan, the PRC and Hong Kong,. In addition to
Profs. Li Jingwen and Thomas G. Rawski, Prof. Mun Kin-chok,
Drs. Victor Mok and Liu Pak-wai of The Chinese University, Prof.
Fan Yiu-kwan of the Hong Kong Baptist University served as
chairmen of conference sessions. Drs. Choi Hak, Fung Ka-yiu, Lei
Kai-cheong, Sung Yun-wing and Richard Y. C. Wong of The Chi-
nese University (who is now associated with the University of
Hong Kong), Drs. Joseph Y. Lin, Francis T. Lui and Zhu Li-jing of
The Hong Kong University of Science and Technology, and Drs.
Chan Hing-lin and Tong Shiu-pui of the Hong Kong Baptist Uni-
versity served as discussants.
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Reforming China’s Industrial Sector
Mapping the Transition

Gary H. Jefferson

I. Introduction

In the late 1970s, China embarked upon a historic transformation
of its economy. Both casual observation and regularly published
aggregate and sectoral data offer vivid evidence that China’s eco-
nomic reforms have greatly expanded the volume, variety, effi-
ciency and quality of production that make for the country’s
rapidly growing GNP. These changes have arisen in part from
changes in the structure, conduct and performance of China’s
state-owned industrial enterprises, both obvious and not-so-obvi-
ous.

Within the context of a major push for economic reform,
change in the structure of incentives and markets within which
enterprises operate can be assumed to give rise to changes in
enterprise conduct. Change in the conduct of workers and manag-
ers, in turn, gives rise to changes in enterprise performance. This
paradigm in which Structure affects Conduct affects Performance
provides the analytical framework for this chapter.' The purpose
of the chapter is to identify key measures of change along the
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dimensions of structure, conduct and performance against which
to evaluate the progress of China’s state-owned industrial enter-
prises as they make the transition from centrally planned produc-
tion units to autonomous, profit-seeking, market-regulated firms.

Neoclassical economic theory yields various predictions with
respect to the way in which the profit-maximizing firm can be
expected to behave within a competitive market environment. We
use the neoclassical framework to generate a set of predictions or
measures regarding the behaviour and performance of China’s
state-owned enterprises during the economic transition. As sets of
enterprise panel data become increasingly available, researchers
are able to test, at various intervals, the extent to which Chinese
enterprises conform to these predictions.

The typical Chinese enterprise does not conform to the canon-
ical model of the neoclassical firm. China’s state-owned enter-
prises are complex organizational forms involving various
configurations of decision-making authority among supervisory
agencies, enterprise managers, and workers which hold differing
objectives. OQutside the enterprise, markets are highly segmented
and incomplete. Nonetheless, as new incentive structures are in-
troduced into state enterprises and markets begin to emerge, we
can expect that relative to the pre-reform period, enterprises will
increasingly exhibit neoclassical-like behaviour. We should, for
example, observe enterprises in transition demonstrating some
responsiveness to changes in factor prices. The stronger the profit-
seeking orientation of the firm, the more likely the firm is to
minimize costs by adjusting its factor inputs to changing factor
prices. This chapter identifies a set of similar propositions con-
cerning changes in enterprise behaviour and performance pursu-
ant to changes in incentives and markets.

II. Economic Performance

Before investigating change in the structure and conduct of
China’s state-owned industrial enterprises, we examine the evi-
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dence concerning changes in the performance of these enterprises.
Since performance represents the end of the chain of causality in
the Structure-Conduct-Performance paradigm, it seems appropri-
ate to determine first whether there is evidence of either gains or
deterioration in enterprise performance. To the extent that there is
such evidence, this stylized fact of changing enterprise perfor-
mance begs explanation. Against this background, we examine
the contribution of specific changes in structure and conduct.

Relative to an economy dominated by centrally-mandated
directives and allocations, an economy where profil incentives
and market competition play a significant role should reveal less
inefficiency and higher rates of productivity growth. Increases in
overall productivity growth should be reflected in changes at the
microeconomic level, including gains in allocative efficiency, re-
ductions in technical inefficiency, an acceleration of innovative
activity or some combination of these changes. Below, we exam-
ine several propositions relating to expected performance gains in
state industry.

1. The introduction of reforms should cause overall productivity
growth to accelerate relative to the pre-reform period.

A number of studies show that productivity growth in state
industry has accelerated relative to the pre-reform period. Both
Chen et al. (1988) and Perkins (1988) conclude that while total
factor productivity (TFP) fluctuated during the 1957-1978 period,
the trend was basically flat during this period.

The most careful study of its kind with respect to its inclusion
of intermediate inputs and construction of capital, material input
and output price deflators is probably that of Jefferson, Rawski
and Zheng (1992). They estimate that during 1980-1988, TFP
within state industry grew at an annual average rate of 2.4 per
cent. During the same period, TFP in the collective sector grew at
an estimated annual rate of 4.6 per cent. This performance is
substantially better than that recorded during the pre-reform pe-
riod.
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2. More rapid sectoral productivity growth should be reflected at
the microeconomic level, i.e., gains in static efficiency (i.e., gains
in allocative and technical efficiency) and dynamic efficiency
through an acceleration of innovative activity.

Static Efficiency

Arbitrary price setting, the absence of factor input markets, and
distorted incentives caused factor returns to be highly skewed at
the beginning of the reform period. As reform introduces more
uniform profit-seeking incentives and market regulation, we ex-
pect that the most extreme differences in performance to recede,
causing factor returns to become more equal.’

Using a sample of 226 large and medium-size enterprises at
the core of the state industrial system, Jefferson and Xu (1991) find
substantial evidence of convergence. For labour productivity
(Q/L), the (inverse of) labour’s income share (Q/W), capital pro-
ductivity (Q/K), material input productivity (Q/M), and nominal
total factor productivity (NTFP), the results, presented in Table 1,
show a monotonic convergence from 1980 to 1985 and 1989, Bro-
ken down by industry type to control for differences in tech-
nologies, this chapter shows fairly consistent patterns of
convergence by industry. Most striking, however, are the patterns
that are revealed when the authors hold price regimes constant.
These data show that the most dramatic convergence has occurred
among the enterprises that report no within-plan sales whereas
the least amount of convergence has occurred among enterprises
whose sales are 100 per cent within plan.

Any tendency for returns to capital to converge should also
result in more equal profit rates across industrial branches within
the state sector, Naughton (1992) measures changes in profit rates
[(profit+tax)/total capital] across 38 industrial branches. These
rates show an impressive tendency to converge as he reports that
the coefficient of variation declines from (.78 in 1980 to 0.44 in
1989.
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Table 1 Coefficients of variation (CV) for factor returns:
large and medium-size state-owned enterprises

Group Year L ow QK QM NTFP
Full sample (226) 1980 0.91 0.86 1.04 0.29 0.32
1985 0.85 080 0.82 0.26 0.26
1989 076 073 064 025 0.21
A, Sales 100 per cent within plan (74):

1980 0.88 1.00 0.31 0.36

1985 0.83 0.90 0.31 0.33

1989 0.75 0.70 0.29 0.27
B. Sales partially within plan (105):

1980 0.80 104 0.21 027

1985 0.74 0.69 0.20 0.19

1989 0.66 0.57 0.22 0.15
C. No within-plan sales (44}

1980 0.83 0.20 0.27 0.22

1985 0.51 0.61 0.21 0.14

1989 0.45 049 022 0a2

Source: Jefferson and Xu, 1991,

Dynamic Efficiency

Based on a sample of 254 enterprises that included state-owned
enterprises, urban collectives and township-village enterprises,
Jefferson, Rawski and Zheng (1992), find increasing rates of inno-
vation and increasing commitments of innovation resources to
innovative activity. From 1985 to 1989, the incidence of new prod-
ucts as a share of total production rose within each of the three
major ownership types. Within state industry, the share for all size
enterprises rose from 9.2 per cent in 1985 to 19.8 per cent in 1989
for large and medium enterprises and to 37.3 per cent for small
enterprises. Asked to identify the leading innovators within their



6 Productivity, Efficiency and Reform in China's Economy

product lines, a large majority of respondents of all enterprise
types, over 90 per cent, identified state-owned enterprises.

ITl. Structure

Unlike limited economic reform which may involve discrete and
independent efforts to achieve macroeconomic stabilization, or
reform prices, or change regulations affecting the incentives and
autonomy of the production sector, economic transition entails
systemic change that simultaneously affects all aspects of the
economy. In this sense, since the late 1970s, China has been in-
volved in a full-fledged economic transition.

A priori, we anticipate that three kinds of structural changes
will affect the behaviour and performance of the country’s state
industrial enterprises. These are: (i) reforms that strengthen man-
agerial and worker incentives, (ii) increases in enterprise auton-
omy, and (iii) the emergence of a more complete and competitive
market. Within each of these categories, we briefly identify key
reforms that have altered the structure of China’s industrial econ-
omy.

Managerial and Worker Incentives

1. Higher profit retention rates: Although enterprises operate
under a wide variety of profit retention schemes, most enterprises
operate according to a profit-contract system, in which marginal
retention rates differ from — and are generally higher than —
average retention rates. In the enterprise sample used by McMil-
lan and Naughton (1992), marginal profit retention rates rose from
about 11 per cent in 1980 to nearly 27 per cent in 1989.”

2. Increasing long-run marginal profit retention rates: During
1989-1990, the initial three-year management contracts expired,
leading to the negotiation of new contracts. A key question is
whether a ratchet effect occurred with these renegotiations, i.e.,
higher profit remittance rates were imposed on the more profit-
able firms. To test the ratchet hypothesis, a sample of 203 firms
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was used to examine whether enterprises who, in the first period,
realized profit retention rates (A) that exceeded their contracted
retention rates (B) subsequently in the second period had to accept
reductions in their contracted retention rates (C) relative to the
retention rates specified in their original contracts. The result,

CORR (A/B, C/B) = 0.93,

yields strong evidence that refutes the ratchet hypothesis, instead
suggesting that profit remittances rose proportionately less than
profits.

3. Growing impartance of bonuses: In the same sample, bonus
payments doubled as a fraction of income, increasing from just
over 10 per cent of remuneration in 1980 to almost 20 per cent in
1988, and dropping slightly in 1989 as output and profits fell
under the macroeconomic stabilization programme.

Enterprise Autonomy

1. Establishment of output autonomy: During 1984-1988, most
firms received output autonomy, involving the right to set total
production and product mix (after satisfying an intramarginal
quota). Currently, few state-owned enterprises have not received
output autonomy.

2. Introduction of contract workers: State enterprises now
generally hire workers on less than a permanent basis. The frac-
tion of contract workers (generally a three-year renewable con-
tract) rose from 1 per cent in 1980 to 15 per cent in 1989.
Temporary workers, often from rural areas, are hired with in-
creasing frequency to undertake short-term, seasonal, or cyclical
work.

3. Establishment of the optimal labour combination pro-
gramme: The optimal labour combination programme (laodong
youhua zuhe), introduced in 1987, gives managers the authority to
reorganize enterprises, internally reallocate workers, and reduce
the workforce through early retirements, retraining assignments,
and layoffs and reassignments.



8 Praductivity, Efficiency and Reform in China's Economy

Market Structure

1. Introduction of the dual track pricing system: Under the dual
track system, in the sale of products or purchase of inputs at the
margin, most enterprises face either market prices or negotiated
prices that reflect market trends. Thus, if fixed or not subject to
manipulation by the {irm, at the intramargin, state prices tend to
act like a lump-sum tax or subsidy. Overtime, the share of sales by
state factories transacted at state prices has fallen to about 40 per
cent.

2. Relaxation of the state’s monopoly over industry: In 1975,
over 80 per cent of China’s industrial output originated with the
state sector. By 1992, industrial output was nearly evenly divided
between the state and non-state sectors. During the intervening
period, as barriers to entry were relaxed, literally millions of new
non-state enterprises entered the market, creating increasing
sources of competition for the state sector. Increasing competition
from the non-state sector helped to reduce quasi-rents of the state
sector which fell from an average of 25.2 per cent in 1980 to 16.8
per cent in 1989 (Naughton 1992).

Taken together, these reforms represent substantial change in
the internal structure and operating environment of China’s state-
owned industrial enterprises. Notwithstanding these reforms, in-
dustrial reform in China is very much at a "halfway house.”
Property rights remain ill-defined so as to create incentive distor-
tions, government authorities continue to encroach on enterprise
autonomy,’ and rural-urban mobility and mobility between the
state and non-state sectors remains limited. Still, if far from com-
plete, China’s industrial sector has been extensively reformed rel-
ative to the pre-reform period.

IV. Enterprise Conduct

Based on predictions from neoclassical theory, we anticipate that,
as reforms such as those above are introduced, increasingly robust
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evidence will emerge that the following behavioural conditions
hold:

1. Firms with price-setting autonomy operate on the inelastic por-
tion of the demand curves they face.

Since firms operating on the inelastic part of their demand
curves can increase profits simply by raising prices, in a competi-
tive neoclassical world we would not expect to observe this phe-
nomenon. In a recent World Bank survey of 1,000 state-owned
enterprises, 952 firms responded to the question: “If the price of
your principal product increases to 10 per cent, by how much
would you expect sales volume to fall?” About 44.2 per cent (421)
reported that sales would fall by more than 10 per cent. Another
55.3 per cent (469) answered “no change” or “fall by less than 10
per cent” implying that a substantial number of firms persist in
operating on the elastic portion of their demand curves.

In principle, firms operating on the inelastic portion of their
demand curve are doing so due to some impediment to price
flexibility — the price is government-controlled, a price increase
would result in authorities raising input prices, or reducing some
other benefits. As expected, nearly two-thirds (64 per cent) of the
469 respondents indicating that sales would either not change or
fall by less than 10 per cent reported that government price con-
trols were either an “important” or “very important” reason for
not raising prices. When concerns about supervisory bodies re-
sponding by raising material inputs prices were included, over
three-quarters (76 per cent) raised concerns about either not hav-
ing the authority to adjust prices or having to pay higher prices for
inputs. Still others reported concerns about the loss of other bene-
fits in the event that they would raise prices.

Notwithstanding evidence of extensive limits to price-setting
autonomy persisting, the overall picture is consistent with predic-
tions of profit-motivated enterprise behaviour. Nearly half of the
enterprises believe that they are operating on the elastic portion of
their demand curves. The large majority of those that are not are
able to cite a credible reason for not raising prices.
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2. Changes in relative factor prices should motivate firms to econo-
mize on that input whose relative price has risen.

When the relative price of a factor input rises, we expect that a
profit-maximizing firm will seek to economize on its use. If the
firm is operating on its isoquant and substitution possibilities
exist, the firm should save on the more costly input by substi-
tuting inputs that have become relatively more inexpensive. Al-
ternatively, if slack exists due to bounded rationality or some
other cost involved in eliminating the slack, an increase in the
price of the under-utilized factor should motivate a reduction in
its use. Thus, whether through substitution or greater efficiency,
we expect that the relative increase in the price of a factor of
production will result in greater economy in the use of that factor.

In their relatively small sample of 20 enterprises, Jefferson and
Xu (1991) find that a rise in the share of self-financed investment is
associated with increases in the profitability of investment. Ap-
parently, the higher opportunity cost associated with self-fi-
nanced investment, relative to state grants or bank loans, causes
enterprises to be more selective in their financing of investment
projects. These authors also find evidence in support of the prop-
osition that enterprises with the largest outside share of material
inputs enjoy the highest levels of material productivity. That is,
relatively high market prices in lieu of the guarantee of state prices
tend to motivate enterprises to economize on material inputs.

This is one aspect of enterprise conduct where available evi-
dence is extremely thin. Additional investigations are needed to
determine the extent to which enterprises are responsive to
changes in relative factor prices and have become increasingly
responsive to such changes.

3. Managers will use their newly acquired powers to raise efficiency
and profits.

MeMillian and Naughton (1992) ask the question: “Did man-
agers respond to autonomy by strengthening workers’ incen-
tives?” They conclude that both bonus payments as a fraction of
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remuneration and bonus payments per capita are significantly
and positively associated with output autonomy and the profit
retention rate. The authors also report evidence that the fraction of
contract workers is significantly positively associated with output
autonomy.

Like many enterprise reforms, the optimal labour combina-
tion programme is an enabling programme, it is not mandatory.
By early 1992, 34,973 enterprises with a work force of 10.53 million
workers had implemented the programme.® Interviews with fac-
tory managers indicate that, because it entails reassignments and
often reductions in work force, the implementation of the optimal
labour combination programme represents a difficult managerial
challenge. This is one reason that it is far from universally im-
plemented. Jefferson and Xu (1991) find that in their sample,
where this programme has been implemented, it has succeeded in
statistically significant gains in labour productivity.

4. Labour should be compensated in accord with the value of its
marginal product.

One conclusion that emerges from an analysis of various in-
dustrial data sets is that during the 1980s, the wage-efficiency
linkage has, as hoped by China's reformers, become considerably
stronger. Based on a set of 359 industrial enterprises, the relation-
ship between labour productivity and the total wage per worker,
in both 1980 and 1987, is found to be statistically significant. While
in 1980, changes in labour productivity could explain only 3.8 per
cent of the variation in wages about its mean, seven years later,
variation in labour productivity was able to explain 37.3 per cent
of the observed variation in wages. The finding indicates that,
during the 1980s, a significantly larger part of the compensation
package became variable and dependent on productivity differ-
ences while the size of the fixed component declined.

As well as finding significant and increasingly strong associa-
tions between wages and labour productivity, we expect to ob-
serve increasingly strong links between bonuses and profits. One
study shows that during 1986-1988, within a relatively small sam-
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ple, bonuses were responsive to changes in net profits. A one yuan
increase in net profits was typically associated with a 26 fen in-
crease in the bonus and welfare fund, whereas a one yuan decrease
in net profits occasioned only a 4 fen decline in the bonus and
welfare fund (Jefferson and Zou 1989:24). Notwithstanding this
ratchet effect, the difference in the reward to rising over falling
profits appears sufficiently large to motivate increased effort.

5. The most profitable enterprises should expand their production
capacity most rapidly.

According to Kornai, a key deficiency of the soft-budget con-
straint is that it eliminates any connection between enterprise
performance and the propensity of enterprises to invest and ex-
pand capacity. Otherwise, if budget constraints were binding,
over time, more profitable enterprises would expand their market
shares and, while soft-budget constraints and public subsidies
might persist for inefficient enterprises, their relative weight in the
economy would decline over time.

To investigate whether the most profitable enterprises are
most rapidly increasing their capacity, as would occur within an
allocatively efficient economy, Jefferson and Xu (1991) examine
the relationship between profitability and capacity growth using
data from a sample of 110 iron and steel enterprises over the
period 1985-1987. During this period, they find that the growth of
net fixed assets is positively and significantly associated with
profitability. Thus, at least for one key Chinese industry, we are
able to observe this critical link. There still remains the question
concerning the extent to which this association between growth
and profitability is becoming stronger over time which will have
to be resolved through the use of a longer set of panel data.

These propositions and the related evidence indicate that
China’s state industry is becoming increasingly disciplined by
profit incentives and market regulation. This is not an exhaustive
set of testable implications of an increasingly competitive indus-
trial system, but it does indicate the possibilities for evaluating the
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effect of reform on enterprise behaviour within an industrial sys-
tem in transition,

V. Conclusions

In his recent contribution to a report of the U.S, Congress Joint
Economic Committee, James B. Stepanek (1991) gave the follow-
ing title to his article on Chinese industry: “China‘’s Enduring
State Factories: Why Ten Years of Reform Have Left China’s Big
State Factories Unchanged.” In the paper, following a survey of
institutional changes in state factories, Stepanek contends:

The amazing period of rapid change has come and
gone, leaving many things intact. The reforms, for all
their impact on collectives, hardly penetrated China’s
state-owned factories. (p. 441)

The purpose of the current chapter is to demonstrate that, for
the purpose of evaluating state industrial enterprises in transition,
it is not sufficient to draw conclusions from observations of insti-
tutional reform alone. Reform is a subtle process in which vast
changes in performance may result from seemingly small changes
in structure, or, alternatively, negligible change may ensue from
apparently major reform.

In recognition of the fact that institutional change is merely
the first step in a process of reform, this chapter seeks to set up a
framework to evaluate the impact of structural reforms on the
conduct and performance of state enterprises. Rather than draw-
ing untested inferences from observations of institutional change,
as Stepanek does, this chapter argues the importance of collecting
statistical data to measure and test the significance of changes in
enterprise behaviour and performance that can reasonably be pre-
dicted from the reforms. In this way, we map and test the progress
of the transition enterprise.

In concluding, as we do at least tentatively, that the reform of
China's state industrial enterprises has met with considerable suc-
cess, we must also come to terms with widespread reports of the
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persistent or even deteriorating profit performance of the state
sector, During 1986-1988, the losses of state industry as a share of
GDPF ranged from 0.5-0.6 per cent. By 1990, they had grown to
nearly 2 per cent and then declined marginally in 1991 to 1.73 per
cent. How can productivity be rising as argued above even as
losses grow? [s there any way of reconciling this apparent contra-
diction between declining profitability and rising productivity?

Some of the increase in losses resulted from the decline in
aggregate demand during the macroeconomic stabilization pro-
gramme launched in late 1988 and continuing into 1991. During
this period, growing losses and declining or at least stagnant
productivity do seem to have moved together. As China’s indus-
trial economy emerges from its managed recession, losses of state
industry as a share of GDP should fall.

The broader issue of the persistence of structural losses and a
secular decline in profitability in state industry reflects two condi-
tions: (i) the state policy of under-pricing below economic cost in
certain industries, particularly in the extractive industries, and (ii)
the erosion of the state’s monopoly over industrial production
and widespread entry of non-state owned industrial enterprises.
Recent increases in coal and petroleum prices should be alleviat-
ing losses within the energy sector; the extent to which they create
losses downstream will depend on short- and long-term supply
and demand elasticities. Increasing competition from the entry of
new industrial enterprises has eroded quasi-rents within both the
state and non-state industry as profit rates have become more
equal both between state and non-state industry and across indus-
trial branches (Naughton 1992).

A critical dimension to China’s industrial transition is the
phenomenon of “growing out of the plan.” At the beginning of the
reforms, nearly 80 per cent of China’s industrial output was pro-
duced within the plan. Now, with the share of within-plan state
production having fallen to about 20 per cent and state industry
itself representing just half of total industrial output, industrial
output produced under the state plan now represents only about
20 per cent of China’s total industrial output. As a strategy of
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medium-term transition, China’s “growing out of the plan” strat-
egy has produced an effective roadmap of industrial transition.

*  The author gratefully acknowledges financial support from the
Henry Luce Foundation, the Chinese Academy of Social Sciences,
and the World Bank. Also appreciated are comments and sugges-
tions of Thomas Rawski, Richard Y. C. Wong, and other partici-
pants in the “Conference on Productivity, Efficiency and Reform in
China’s Economy,” The Chinese University of Hong Kong, 3-6
August 1992, All views and any errors in the chapter remain solely
the responsibility of the author.

Notes

1. See, for example, Bain (1959) and Sherer (1980) and an initial
application to Chinese industry by Jefferson and Xu (1991).

2. This expectation assumes that the introduction of incentive
reforms is widespread and is accompanied by expanding
product markets and factor mobility. If, alternatively, incen-
tive reforms are localized and sporadic and markets are seg-
mented, it is possible that distortions in factor returns may be
made more pronounced.

3. The data set includes annual data for 1980-1989 for 769 enter-
prises in four provinces (Sichuan, Jiangsu, Jilin, and Shanxi).
All the enterprises are state owned; within the population of
such enterprises, larger state-owned enterprises are some-
what over-represented.

4. See, for example, Perkins’ (1993) list of eight measures that
limit enterprise authority.

5. “Labour Reform Progressing ‘Quite Rapidly,’” Beijing Xinhua
Domestic Service, 16 March 1992, reported in China Develop-
ment News, World Bank, 8 April 1992.
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Productivity and China’s Economic
Growth, 1953-1990

Li Jingwen
Gong Feihong
Zheng Yisheng

I. Introduction

It is common knowledge that with the exception of 1989 and 1990
the Chinese economy has grown rapidly since 1978 after imple-
menting the reform and open-door policy. As a result, the strength
of China has been greatly enhanced and the living standards have
improved considerably. Many economists, both at home and
abroad, have taken an interest in the economic growth of China.
Some studies have been conducted to explain the sources of the
economic growth of the economy.

Since the data available do not satisfy the assumptions under-
lying a production function approach to the study of economic
growth, most researchers arrive at different conclusions depend-
ing on the data which they collect from different sources. Influ-
ential studies include: the study on the productivity of Chinese
state-owned industries during the period of 1953-1983 by Tidrick
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(1986), the economic specialist of the World Bank, which was
finished in 1986; the collaborative research on productivity of
accounting-independent firms in Chinese industries from 1953-
1985 by Chen et al. (1988); the study on multi-factors of productiv-
ity and the sources of growth of the Chinese industries between
1980 to 1985 by Mcguckin et al. (1989); the research about the
determinant factors of the China’s economic growth (1952-1987)
based on the Material Product System (MPS) by Shi et al. (1990);
the technical progress and industrial structure by Li et al. (1989).
In 1988, cooperation began with the research group which was led
by Jorgenson from Harvard University. We had finished the re-
search project, “Sino-American-Japanese Productivities and Eco-
nomic Growth.” Specialists in this conference are also very
interested in Chinese economic growth research and have made
many contributions to it.

In this chapter, we have studied both the long-term growth of
the Chinese economy from 1953 to 1990 at the aggregate level and
the short-term growth of 34 industrial sectors between 1981 to
1987 based on the Systemn of National Accounts (SNA). Moreover,
we will adopt the method proposed by Christenson et al. (1973) to
China.

II. The Sources of China’s Economic Growth

After the People’s Republic of China was founded in 1949, it took
three years for the Chinese economy to recover from the devasta-
tion of the war, The Chinese economic strength increased 11.7
times over a period of 38 years, i.e., from the beginning of the First
Five-year Plan (1953) to the end of the Seventh Five-year Plan
(1990). However, per-capita GNP only increased 5.88 times be-
cause of rapid population growth. On the other hand, owing to
misguided policies, serious natural disasters and political distur-
bances, the economic development of China was unstable before
the reform and open-door policy was introduced in 1978. The
economy has grown more smoothly and continuously after 1978
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as shown in Figure 1. Of the 26 years before 1978, there were six
years in which the economy experienced negative growth. The
most serious economic downturn occurred after 1959 and per-
sisted for three consecutive years. After three years of adjustment,
the economy of 1965 just approached the level attained in 1959. In
addition, the output of the economy of 1969 just surpassed that of
1966 after two years’ (1967, 1968) of negative growth. These two
disturbances greatly hindered the economic development of
China. Figure 2 shows that the annual growth rates of the Chinese
economy fluctuated greatly over the 26 years before 1978. The
economic development was more stable during the last 12 years,
though the annual growth rates were by no means uniform each
year. The growth rates of nine years were higher than the average
growth rate of the previous 38 years.

As shown in Figure 3, the per-capita GNP and labour produc-
tivity of the whole society exhibited the same pattern of fluctua-
tion as that of economic growth. During the 38 years, the
population doubled and the labour force of the whole society
increased by 1.74 times, so that the growth of per-capita GNF and
labour productivity of the whole society were restrained. Even
though, the average annual growth rate of labour productivity
was 4.05 per cent from 1953 to 1990, it jumped up to 5.42 per cent
after 1978.

It can also be seen from Figure 4 that the growth rate of per-
capita GNP fluctuated more frequently during the first 26 years
(1953-1978). A very high positive growth was often followed by a
very remarkable negative growth. During this period, the average
growth rate was 3.29 per cent and was 0.76 per cent less than that
of the whole period of 38 years. In the next 10 years after 1978,
there were nine years in which the growth rates were 0.5-6.4 per
cent higher than the average of the whole period, except 1981,
Affected by inflation and following recession, the growth rates in
1989 and 1990 went down. The per-capita GNP of the last 12 years
increased, significantly strengthening the economy of China.
After experiencing violent fluctuations in the first 26 years, the
labour productivity of China grew more smoothly after 1978.
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However, it was adversely affected by the depression after the
inflation of 1988. Capital productivity had experienced negative
growth in 9 years out of 11 after 1967, and there were positive
growth in 7 years out of the last 12 years after 1978.

In the following, we analyse the sources of growth of the
Chinese economy:

(1) The result pertaining to the growth rate of output, input
and productivity in the Chinese economy. For different periods,
Table 1 reports the various indexes for (i) the whole period (1953-
1990), (ii) the two sub-periods, one before and one after economic
reform, and (iii) all the periods corresponding to the Five-year
Plans at the aggregate level with the exception of the second and
third one (for there were negative increases in the 10 years of these
two Five-year Plans).

The second column of Table 1 presents figures for the period
from 1953 to 1978 preceding the reform and open-door policy; the
third column is the period from 1979 to 1990; the remaining col-
umns report figures corresponding to the Fifth, Sixth, and Seventh
Five-year Plans. The average rate of economic growth was 6.78
per cent for the whole period. At the same time, the average
growth rate of labour was 2.73 per cent. The share of contribution
of capital input to economic growth was 75.07 per cent, and the
share of labour was 19.47 per cent. The contribution of both capital
and labour inputs accounted for 94.54 per cent of growth. The
proportion of contribution of productivity to the economic
growth was only 5.46 per cent.

During the 26 years before the reform period, the contribution
of productivity to economic growth was negative. After the re-
form, the average rate of economic growth was 8.35 per cent in the
last 12 years, and the average growth rate of capital stock and that
of labour were 9.15 per cent and 2.93 per cent respectively. The
shares of contribution of capital and labour inputs to the economic
growth were 50.9 per cent and 18.8 per cent respectively, and the
sum of their contributions was 69.7 per cent. At the same time, the
average growth rate of productivity was 2.53 per cent, and it's
share of contribution to economic growth was 30.3 per cent, lower
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Growth rates of aggregate output, input and productivity, 1953-1990

Table 1

“6thF* “Tth F"

0.0830 00570 0.0620 00960 0.0740

0.1640 00857

“Sth

“4th F*

“IstF

1979-1990

1953-1978

1953-1990""

0.0835
0.0915

0.0592
0.1023
0.0263
0.0551

0.0678

Value added

Capital input

0.0862 0.0824 0.1000

00089

0.0250 00230 00210 0.0330 0.0270
0.0837 00510 00470 00389 0.0435

0.0122 00093 00095 00174 0.0153

-0129

- 0810

0.0293
0.0425

0.0273
0.0509

00132

Labour input

Contribution of capital input

0.0157

0.0253

0.0121

Contribution of labour input
Rate of productivity growth
Capital productivity
Labour productivity

-0033  0.0055 00397 00152

-(287

0.0580 00340 00410 00630 00470

-.0080

0.0037

0260

-0242  0.0136

-0800

-.(435
0.0542

-03n

0.0405

0.0329

The shares of contribution of two inputs and productivity growth in output growth (%)

1.0084 08947 07581 04052 05878

0.5090
0.1880
0.3030

0.9307

0.7507 .
0.2044

0.1947

0.0546

Capital input

0.1470 01632 01532 0.1813  0.2068

Labour input

0.4135 0.2054

0.0887

Productivity growth

{1} Annual average growth rate over 38 years using 1952 as the base year,

“The First Five-year Plan™ is abbreviated as "5t F*, and so on.

Motes:
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than that of capital but higher than that of labour. By such com-
parison, it is shown that the reform and open-dooer policy has
promoted technological progress and a rational utilization of re-
sources in China as witnessed by the increase in the proportion of
contribution of productivity to economic growth.

For the First and the Fourth Five-year Plan, the growth rates
of productivity were negative. The contribution of capital to eco-
nomic growth exceeded or approached the economic growth. The
middle of the Fifth Five-year Plan (1976-1980) was the critical year
when policy changed. In these five years, the proportions of the
contribution of capital and labour to economic growth were 75.8
per cent and 15.32 per cent respectively, and that of productivity
was B.88 per cent. Because of the adjustment of the economic
policy, the growth of productivity was negative in 1981 and negli-
gible in 1982. Rapid development appeared in the last three years
of the Sixth Five-year Plan (1981-1985). As a whole, these five
years made up the golden age of the entire period. In this period,
the average growth rate of capital stock was 8.24 per cent and the
contribution of capital to economic growth was 40.52 per cent. As
for labour, the contribution was 3.3 per cent and 18.13 per cent
respectively. Concomitantly, the average growth rate of produc-
tivity increased to 3.9 per cent, its contribution to economic
growth was 41.35 per cent, exceeding the contribution of capital.
This was the outcome of the reform and open-door policies, which
introduced the market mechanism and brought all positive factors
into play. Resources were more efficiently utilized. Other favour-
able factors were the expansion of international economic ex-
change and, domestically, the encouragement of technical
development and innovation. In the first three years of the Sev-
enth Five-year Plan (1986-1990), the disequilibrium with respect to
aggregate demand and supply was exacerbated, and inflation
reached the highest level in the history of new China. In the
remaining two years of this period, a deflationary policy induced
a slowdown in demand and the market was depressed, resulting
in a decrease in production. The average rate of economic growth
in the Seventh Five-year Plan was 7.4 per cent, i.e., 23 per cent less
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than that of the Sixth Five-year Plan. The average growth rate of
capital stock was 10 per cent, 21 per cent higher than that of the
Sixth Five-year Plan. The contributions of capital and labour to
economic growth were 58.78 per cent and 20.68 per cent respec-
tively, and the contribution of productivity was 20.54 per cent.
Although the average rate of economic growth in the Seventh
Five-year Plan was only 77.08 per cent of that of the Sixth Five-
year Plan according to the last column in Table 1, the average
growth rate of capital stock was 21 per cent higher than that in the
Sixth Five-year Plan, because of excessive investment at the begin-
ning. Capital was injected into the economy to stimulate the de-
pressed market. While production went up somewhat,
inventories continued to increase and capital was under-utilized.

(2) The whole period of 38 years is divided into seven sub-pe-
riods in order to reduce the influence of violent economic fluctua-
tions on the analysis of the sources of economic growth. In each
sub-period, the economy either expanded or declined continu-
ously so that the terminal year of each sub-period was either at the
peak or the trough of the business cycle of two adjacent sub-peri-
ods, The rates of economic growth and productivity growth of the
seven sub-periods are presented in Table 2. There are three sub-
periods with negative growth, and their corresponding growth
rates of productivity are also negative. The reasons for these three
sub-periods of negative economic growth and productivity are
NON-eCoNomic, e.g., natural disasters and misguided policy in the
second period (1960-1962), and the political disturbances of the
“Cultural Revolution” in the other two sub-periods (1967-1968,
and 1976).

The first column in Table 2 reports the data of the First Five-
year Plan and the first two years of the Second Five-year Plan
(1953-1959). The average rate of economic growth was 9.93 per
cent. The capital stock increased continuously with an average
growth rate of 18.7 per cent, so that the contribution of capital to
economic growth was 95.67 per cent. It seems that the capital
input itself propelled economic growth in this period. The third
column presents the data of the period of recovery (1963-1966)
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Growth rates of aggregate output, input and productivity of seven sub-periods in 1953-1990

Table 2

1977-1990

1976

1969-1975

1963-1966  19567-1968

1960-1962

1953-1959

0.0850

0.0909

0.0277
0.0435

-.0269

0715 0.0960
o

0.1421
0.0582
0.0308

-. 1388
0.0807

-0089

0.0385

0.0991

0.1870
(.0382

Walue added
Capital input

0700

0.0805
0.0277
0.0479

0.0340
0.0346
00180
0.0163
- 1058
-.1055

- 1061
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0.0215

Labour input

0.0400
0.0092
-.0761

0.0306
00146
0.0969
0.0839
0.1113

0.0950

Contribution of capital input

0.0144
0.0271

0.0112

0460
-1727
-2195
0.1299

0.0188
-045
-0877

00611
The shares of contribution of two inputs and productivity growth in output growth (%)

Contribution of labour input

0.0369
0.0155

0.0683

Rate of productivity growth

Capital productivity
Labour productivity

-.0057

0.0575

-.(969

-.0484

0.5117

0.4990
0.1167
(.3843

0.2153
0.1027
0.6819

0.9567
0.1893

Capital input

0.1694
0.3189

Labour input

Productivity growth
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after the natural disasters. The average rate of economic growth
was 14.21 per cent; such a rate was high relative to the poor
economic performance of 1962. In fact the level of economic activ-
ities in 1966 was 116.4 per cent as high as that in 1959. The growth
of capital input was slower than that of the economy. Hence, the
contribution of capital to economic growth was only 21.53 per
cent in this sub-period, far lower than that of productivity (68.19
per cent). Clearly, there was a lagged effect of investments in the
last sub-period on output. The average rate of economic growth in
the fifth sub-period was 9.6 per cent, and the average growth rates
of the capital stock and labour were 8.05 per cent and 2.77 per cent
respectively. The contributions of capital and labour to economic
growth were 49.9 per cent and 11.67 per cent respectively; the
contribution of productivity growth was 38.43 per cent, falling
between those of capital and labour. The reason of high contribu-
tion of productivity in this sub-period was really similar to that in
the third one. The growth rate was relatively high in comparison
with the economic depression in 1968. The economic growth in
the seventh sub-period (1977-1990) was stable because of the im-
plementation of the reform and open-door. The average rate of
economic growth was 8.5 per cent; the average growth rate of
capital stock was 9.09 per cent; the average labour growth rate
was 2.77 per cent; the contributions of capital and labour to eco-
nomic growth were 51.17 per cent and 16.96 per cent respectively;
the contribution of productivity to economic growth was 31.89 per
cent. This pattern of growth was the result of the “reform and
open-door” policy.

(3) No matter how the sub-periods are divided, the small
positive average growth rate of productivity for the whole period
conceals the negative growth rates of more than half of the sub-pe-
riods; the same is true with respect to the whole period and
sub-periods whose productivity growth also conceals the nega-
tive rates of the same years. In order to analyse more clearly, the
growth rates of the economy and productivity in the 38-year pe-
riod (1953-1990) are presented in Table 3. From Table 3, it can be
seen that there are six years with negative economic growth and
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16 years with negative productivity growth of which 13 years fall
into the pre-reform era. Negative growth in 1981, 1989 and 1990
was the result of economic factors. Simple statistical analysis un-
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Table 3 {Continued)
1974 00114 00212 0.0802 0.0086  0.0474 0.0446

covers the following tendencies.

Table 3  Aggregate output, input and productivity by year,
19533-1990
Year Rate of growth Contribution to growth in output
Output  Labour  Capital Labour  Capital  Rateof
input input  productivity
growth
1953 01234 00289  0.2083 00136 00104 L0006
1954 0.0559 00257 01551 00126 0.0790 -0,0357
1955 00621 00200  0.1342 0.0097  0.0688 -0.0164
1956 0.1319  0.0237 0.1531 00112 0.0809 0.0398
1957 00438 00300 0.1694 00149  0.0852 -0.0563
1958 0.1997 00839 02206 00416 01114 0.0469
1959 0.0782  0.0555 0.2683 00276  0.1346 -0.0840
1960  -0.0144  -0.0086  0.2091 00044 0.1033 01123
1961 -0.3346  -0.0107  0.0339 -0.0055 00165 -0.3456
1962 -0.0675  -0.0073  -0.0009 00039 -0.0004 00632
1963 01019 0.0157  0.0253 00084 00117 0.0818
1964 0.1530 00340 00422 00173 0.0207 0.1150
1965 0.1564 00371 0.0869 00174 00461 0.0929
1966 01572 00364  0.0786 00159 00442 0.0871
1967 -0.0752 00355 00378 00157  0.0210 L1119
1968 -0.0677 00337 0.0303 0.0158  0.0160 A0.0995
1969 01769 00374 00412 00170  0.0225 0.1374
1970 0.2058 00387  0.0940 00156  0.0560 0.1372
1971 0.0874  0.0369 00923 00143 0.0566 0.0165
1972 0.0280 00222  0.0798 00086  0.0482 (L0288
1973 0.0797 00154 0.0945 0.0061  0.0559 0.0168

1975 00799  0.0220 00814 0.0091  0.0476 0.0232
1976 00269 00215 0.0700 0.0092  0.0399 -0.0760
1977 0.0750 00175 0.0753 0.0078  0.0430 0.0250
1978 0.1157 00184 0.0996 0.0080  0.0562 0.0515
1979 00733 00221 01036 0.0099 00572 0.1062
1980 00751 00285  0.0827 0.0136  0.0431 0.0184
1981 00439 00332 0.0662 00166 00330 -(.0057
1982 00837 00126 0.0676 0.0064  0.0329 0.0444
1983 00982 00518 0.0773 00266  0.0377 0.0339
1984 0.1361 00317 0.0877 0.0168  0.0409 0.0784
1985 01197 00366 01132 00202  0.0507 0.0488
1986 00798 00319 01242 00178 0.0549 0.0071
1987 0.1045 00290  0.0989 0.0163  0.0432 0.0450
1988 0.1034  0.0296 01000 00168  0.0432 0.0435
1989 00349  0.0234  0.0907 0.0134  0.0387 -0.0172
19490 00491 0.0214  0.0859 00120 0.0375 -0,0004

In the 32 years with positive economic growth, there are 15
years with contribution of capital to economic growth higher than
60 per cent, and seven years with the contribution higher than
economic growth itself because of the negative productivity.
There are eight years in which the contribution of capital is larger
than 40 per cent but less than 60 per cent, four years with that
between 30 per cent and 40 per cent, and five years with that
below 30 per cent. A year with a lower contribution of capital is
always followed by a year with negative output growth, and
correspondingly with a large proportion of contribution by pro-
ductivity. This is clear from the analysis of the contribution of
productivity. Of the 23 years with positive growth of productivity,
there are eight years in which the contribution of productivity to



34 Productivity, Efficiency and Reform in China's Economy

output growth is greater than 50 per cent. Among these eight
years, six years are in the period from 1963 to 1970, i.e., the resto-
ration period just after the sharply negative growth of output
caused by natural disasters and the chaos of the “Cultural Revolu-
tion,"” and the remaining two years are after 1978. There are seven
years with the contribution of productivity between 30 per cent
and 50 per cent, with five years after 1978. Finally, there are eight
years with the contribution of productivity below 30 per cent.

From our analysis, growth may be attributed to economic as
well as non-economic factors. With respect to economic factors,
capital input is the major factor, followed by labour input. As a
whole, the growth rate of productivity is the least important.
However, its contribution is larger than that of labour input or
even than that of capital in some years or sub-periods. It is worth
noting that the contribution of productivity to economic growth
markedly increased in the 1980s, showing that technological prog-
ress was induced by the improvement in the quality of capital and
labour and enhanced productivity of capital and labour. This
tendency cannot be ignored.

II1. Output Growth of the Chinese
Industrial Sector

After the 1970s, one major accomplishment in the analysis of
output growth at the industry level is that intermediate, capital
and labour inputs are treated symmetrically. Output is repre-
sented as a function of intermediate input, capital and labour
inputs and time. Time is an indicator of technical change. The
growth rate of output may be decomposed into the contribution of
intermediate, capital and labour inputs and the growth of produc-
tivity. The sectoral production function approach pertains to a
producer’s behaviour model, in a general equilibrium context.
The economic analysis of industrial sectors employs time-series
data from input-output tables. We have chosen only the period
1981-1987 and employed the Lagrange method introduced by
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Masahiro Kuroda of Keio University (Japan) to estimate the trans-
action matrix for 1982, 1984, 1985, 1986 from 1981, 1983 and 1987.
Then, we have transferred the matrix into the “USE” table through
the “MAKE" table for each year.

We have obtained the contributions of three inputs for secto-
ral outputs. They are the products of the growth rates of inputs
and their shares in the value of total output. Table 4 presents the
output, contributions of inputs and growth of productivity of 34
sectors, and compares the growth rates of output, contributions of
intermediate input, capital and labour inputs and growth rates of
productivity during the 1981-1987 period. In 33 sectors, the inter-
mediate input, capital and labour inputs are predominant sources
of the growth of output. Of the three inputs, the contribution of
intermediate input exceeds 50 per cent of the growth of output in
25 sectors and is the most important factor among the three input
factors. To compare capital input with labour input, the contribu-
tion of capital input to output growth in 25 sectors is more than
the contribution of labour input. There are only two sectors in
which productivity growth is the major source of output growth,
namely, the miscellaneous manufacturing sector and the other
services sector.

Table4  Growth in sectoral outputs and their sources, 1981-1987

Contribulion to growth in output

Ratc of Intermediate Capital Labour  Rate of
output input input  inpul  productivity
growth growth

Agriculture, forestry  0.0702 0.0171 0.0325 00088 00118
and fisheries

Metal mining 0.0324 0.0436 -0.2730 0.0131  0.0029
Coal mining 0.0583 0.0084 0.0121 00323 0.0054

Crude petroleum and  0.0495 0.0134 00788 00080 -0.0506
natural gas

Mon-metallic mining  0.0763 0.0509 0.0115 0.0448 = -0.0308
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Table 4 (Continued)
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Construction

Food and kindred
products

Tobacco
manufactures
Textile products

Apparels and other
textile products

Lumber and wood
products

Furniture and fixtures

Paper and allied
products

Printing and
publishing
Chemicals and allied
products

Petroleum refining
Rubber and plastic
products

Leather and leather
products

Stone, clay and glass
products

Primary metals
Fabricated metal
products

Machinery, except
electrical

Electrical machinery
Motor vehicles
Other transportation
equipment

Miscellaneous
manufacturing

0.1345
0.1087

0.1008

0.1132
0.1282

0.1155

0.1500
01208

0.1521

0.1439

0.0997
0.1705

0.1428

0.1357

01047
0.1332

0.2006

0.2118
0.1975
0.1034

0.1602

00912
0.0831

0.0506

0.0680
0.0624

0.0947

0.0754
(0.0667

(0.0802

0.1083

0.0427
0.1078

0.0851

0.0947

0.0789
0.0800

0.1356

0.1521
(1231
0.0557

0.0552

0.0060
0.0126

0.0922

00264
0.0368

0.0173

0.0313
0.0162

0.0368

0.0141

0.0258
0.0303

0.0241

0.0352

0.0215
0.0137

0.0048

0.0251
0.0167
-0.0064

(.0039

0.0321
00106

0.0023

0.0093
0.0099

0,0020

0.0104
0.0067

0.0150

0.0074

0.0083
0.0102

0.0091

0.0270

0.0054
0.0080

0.0090

0.0053
-0.0015
00186

-0.0078

0.0052
0.0024

-0.0443

0.0096
0.0191

0.0005

0.0329
0.0312

0.0201

00141

0.0228
0.0222

0.0245

(L0212

(L0012
0.0206

0.0512

0.0302
0.0593
0.0355

0.1089
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Tahle 4 {Continued)
Other manufacturing  0.1529 0.0823 00210 0.0047 00,0449

Transportation 0.1146 0.0575 00515 00176 -0.0020
Communication 0.1146 0.0426 00772 00202 -0.0254
Electric utilities 00941 00788 L0569 00049  -0.0464
Trade 0.1084 0.0600 00071 00196 00218
Other services 0.2105 0.0076 0.0879 00041 0.1108
Finance, insurance 0.1282 0.0497 0.0041

Government 0. 1800 0.0389 0.0334

We have employed the method introduced by Jorgenson of
Harvard University (U.S.) to analyse sectoral growth. The contri-
bution of each input may be decomposed into the contribution of
the change in quality and quantity. For the period 1981-1987, the
results of the decomposition exercise for the 34 sectors are listed
separately in Table 5. From Table 5, we know that the contribution
of quality change to output growth is not a major component
among the contributions of the three inputs. Ignoring quality
change does not affect the relative contribution of the three inputs
and productivity. The contribution of quality change is negligible
because: (1) the period of our study consists of seven years only,
(2) owing to the egalitarian wage system, the price of labour (i.e.,
wage rate) is not a reliable weight for estimating the quality of
labour input, (3) similarly, due to the problems in the price sys-
tem, the investment system and the tax system of China, it is
difficult for us to get accurate rental prices of assets to estimate the
quality of capital.
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IV. Methodology and Data Manipulation

In this chapter, even though we have employed the methodology
developed in Western countries, we still insist on taking note of
economic theories developed in China and the specificity of
China’s economic system. Most of the indicators have the same
names as those used in Western countries and they all belong to
the SNA system. But their meanings are not exactly the same. For
example, the private domestic investment in Western countries in
GNP corresponds to gross accumulation in our country; it mainly
includes the accumulation by the state and the collective sectors.
Value added as defined in China is different from that in Western
countries. However, it should not impede us from using the same
methodology in different countries whose economic theories are
based on different foundations. The results from the study may be
analysed from different perspectives.

Methodology and Data at the Aggregate Level

Methodology

Qur aggregate model of production is based on a production
function, characterized by constant returns to scale:

V=FKLT

where V is value added, K is capital, L is labour input, and T is
time. The share of capital (Vi) and labour inputs (Vi) in the value
added is defined as follows:

Ve = PeK/V,and Vi = P LIV

where PxK and P L are the outlays of capital and labour inputs; Py
and P are the prices of capital and labour inputs. Necessary
conditions for producer equilibrium are given by equalities be-
tween Vi and V. on the one hand and the elasticities of output
with respect to the inputs, on the other:

Vi = aLnV(K, L, T)OLnK, Vo =oLnV(K, L, T)/dLnL.
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At the same time, the growth rate of productivity, Vy, is the
growth rate of value added with respect to time, holding capital
and labour inputs constant:

Vi = alnV(K, L, T)/OT.
The translog production function is employed:

V = explow + odnK + oglnl + o T + 0.5Pxx(InK)’

+ Brae(InK) (InL) + Pir(InK)T + 0.5f(InL)*
+ Bur(InL)T + BT

where 0w, 0, 0, Oy, Pk, P, Prr, Bra, Prr, Py are parameters to be
estimated.
Under constant returns to scale:

O +op=1

P+ P =0
B+ Pu=0
Brr + Pur=0.

The unbiased estimates of the parameters o, 0, otr, Bxx, Pxr, Brr
can be derived by econometric methods using time-series data.
The average rate of productivity growth (Vi) (T, to T,) can be
computed based on these estimated parameters:

Vi=op+ ﬂxﬂl‘lK + B:J{I'IL + ﬁﬁ'T

The accuracy of these estimates can be improved by introducing
quadratic components to the production function. In general, we
calculate the rate of productivity growth between two adjacent
years T and (T-1) by the following formula:

Ve =InV(T) = InV(T-1) = Vi[InK(T) - InK(T-1)]
~VilnL{T) = InL{T-1)]
where V; is the average value of V(T) and V(T-1), and,
Ve =05[Vi(T) + Vi T-1)], Ve = 05[V(T) + V(T-1)].
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This is the formula for computing the rate of productivity growth
between two adjacent years T and (T-1), and it can also be used as
another kind of method to estimate the average rate of productiv-
ity growth of n-year period (T; to Ty).

Data Processing

The aggregate output is equal to value added or GNP. Chinese
GNP figures have been released annually since 1978. The GNP
data before 1978 have been revised, taking note of the differences
between national income as defined in MPS and gross national
product in SNA. Annual GNF data from 1952 to 1990 are then
estimated and are deflated by a price index with 1978 as the base
year, i.e., the price index of 1978 is 1.0.

Capital input is the total capital stock of society consisting of
fixed assets and current assets, The annual investment data used
to compute the real capital stock and the initial capital stock (1952)
are deflated by a price index of investment with 1978 as 1.0 since
the composition and prices of capital goods changed over the
years.

Finally, we deduct the depreciation funds of each year from
that year's fixed assets, according to China’s current depreciation
method.

Labour input is expressed as the flow of services which is the
quantity of labour employed directly in the manufacturing and
services sectors. It consists of salaried workers, the income of
farmers from the sale of agricultural products, and self-employed
labourers engaged in commerce and production. Using data from
sample surveys, the flow of labour services in a certain period can
be deduced by deducting from total labour hours the following
items: (1) regular holidays and vacations of wage employees, as
well as hours lost due to work stoppage, sick leave and personal
leave, and time spent on voluntary work, and (2) time of self-
employed peasants and individuals not used in production.

Outlays of primary factor inputs consist of outlays of capital
input and labour input. At the aggregate level, the outlay of capi-
tal input includes profits and the depreciation allowance of fixed
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assets. The former is derived from the sum of profit and tax as
defined in our accounting system by deducting indirect taxes; the
depreciation of housing provided by enterprises to workers is
transferred to outlay of labour input as the “implicit income” of
workers,

The outlay of labour input includes wages in any form paid to
workers, and implicit incomes, e.g., all other expenses paid by
firms on housing, education and transportation subsidies. It also
includes the net incomes of self-employed peasants and individu-
als derived from the sale of agricultural products or individual
business. In the reform period, part of their net incomes is derived
from investments in capital goods, e.g., farm machines by peas-
ants and inventories of individual businessmen and should thus
be regarded as profits classified as income from capital. The data
are adjusted in response to the practical situation in the reform era
because the workers with capital income constitutes about 75 per
cent of the labour force. The proportion of their incomes to labour
income has already risen from 52.6 per cent in 1977 to 64 per cent
in 1990. Part of their incomes should not be included as income
from capital input in the SNA system.

Methodology and Data at the Sectoral Level

Methodology

As summarized above, frontier research on productivity and eco-
nomic growth treats all three inputs at the sectoral level sym-
metrically. We have employed this advanced methodology, and
the results are presented in Tables 4 and 5. This methodology is
based on a model of producer behaviour which is the same as that
in Jorgenson et al. (1987) “Productivity and U.S. Economic
Growth."”

Zi=F(Xy K L T), {i=1,2,..n}

This model assumes homogeneous production functions for all
sectors where [Z)) is output; {Xi}, {Ki} and (L are intermediate,
capital and labour inputs of the ith sector; T is time. We can define
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the shares of intermediate, capital and labour inputs, {vkl, [vk}and
{vi}, in the value of output by:

X ] Pi'K! . PiL
vx= gz | qid i §Zi

where {q}, {px), [pk} and {pi) denote the prices of output and
intermediate, capital, and labour inputs respectively.

The necessary conditions of producer equilibrium are given
by equalities between the share of each input in the value of
output and the elasticities of output with respect to the inputs:

| afﬂz
Ux = X

f EIInZ
~ aink;

in g’,"fﬁ KK LT,  (=12..m)

{xb Ku Lﬂ' I‘}.r

- (X, K Li, T),

We can define the rate of productivity growth, {v}), as the growth
of output with respect to time when intermediate, capital and
labour inputs are constant:

=B K LT, (=12,

In general, we calculate the rate of productivity growth between
two adjacent years T and T-1, using the following expression:

Ve =[InZ{T) — nZ{T-1)] = Vi [InX{T) — InX{(T-1)]
— Vi [InKAT) — InK(T=1)] = Vi [InL(T) = InL{T-1)]
(i=1,2,..,n)

The weights Vi ; Vi : VL are average values of intermediate input,
capital and labour input with respect to T and T-1 years, i.e.:

Vi= % [V(T) + Vi(T-1)]

Vi=2 V(D) + Vi(T-1)]
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"”" [V‘LETJ + VL{T“'HI

At the sectoral level, different kinds of each input are aggregated
to arrive at the following input aggregates:

X: L XJ {xlr} XZH R Xm').-
Ki=K; {Kh'.- Koo Kpr

Li=Li (L, Lai, - - - ; Lai)s (i=1,2 ..,mn)

where {X;} is the jth commodity (j=1, 2, ..., n) allocated into the ith
sector, [Ky) is the kth type of capital used in the ith sector, (k=1, 2,
wor P} and Ly} (i=1, 2, ..., q) is the Ith type of labour employed in
the ith sector. It is assumed that the production function is separa-
ble in intermediate, capital and labour inputs. However, the input
aggregates for each sector are characterized by constant returns to
scale. We can define the shares of the different kinds of intermedi-
ate, capital and labour inputs, in the value of the corresponding

aggregates by:

(]
. ar
vy =P8R (i=1,2,.,m),
L] X, !

JHeKe g0 mk=12,.
'UJKJ: P]K.Ki ¥ {= g dmyp ey H; fzul' -rp}-

vl = F:t’ : (i=12 ..mI=12 .0
where [pl), [pkd, {pL} are the prices of individual intermediate,
capital and labour inputs.

MNecessary conditions for producer equilibrium are given by
equalities between the shares of the individual inputs in the value
of the corresponding aggregates and the elasticities of the aggre-
gate with respect to individual inputs:

, _ alnX;
Uxi= = X, = (Xuir Kaip vray Xui).
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To construct an index of intermediate input for two adjacent
years, T and T-1, for each industrial sector, a translog quantity
index based on individual intermediate inputs is adopted:

InXAT) = MXAT=1) = 3. Bl InXu(T) = nXy(T-1)], (i=1,2, .., 1)

where the weights are given by the average share of each compo-
nents in the value of sectoral intermediate outlay:

By D+ oT-D],  (j=1,2,.0m)

and

X

T .

S ’
I

where |p) is producer’s prices. Similarly, the index of capital
input between two adjacent years T and T-1 for each industrial
sector is a translog quantity index of individual capital inputs:

InK(T) = mMK{T-1) = SUallnKd(T) - mK(T-1)}, (i=1,2,..,.n)

where the weights are given by the average share of each compo-
nents in the value of sectoral property compensation:

T n% [ha(D) + O(T=1)), (i=1,2, ., mk=1,2, ..., ),

and

=3 E.ﬁﬁﬂ,r (21,2, i k=1, 2
= ke (i n P)

where {pi) is the price of capital stock which is calculated by
depreciation of capital goods and profits, ete. Finally, the index of
labour input between two adjacent years, T and T-1, for each
industrial sector is a translog quantity index of individual labour
input:

InL(T) = InL{T-1) = TAALnLAT) — InL(T-1)], (=12, .., m),

where weights are given by average share of each component in
the value of sectoral labour compensation:
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= % [T + BAT=D)], (i=1,2 oml=1,2, ...,
and

hmBil oyp L ml=1,2
Ui EP'ULHJ {I' rzi « M o :-"rq}

where [py] is the price of labour (i.e., wage rate).

Data Processing

Data manipulations at the sectoral level are consistent with those
at the aggregate level, with some exceptions to be explained
below.

Sectoral Output

In the general equilibrium model, sectoral output in total industry
output is the sum of intermediate input and value added. The
price of output includes the tax paid by the producer but excludes
the balance of trade and transportation expenses. These prices are
called producers’ prices. The value of sectoral output may be
found in the input-output table, where the value of output is in
terms of both current and constant prices. Under constant price,
value output may reflect the changes in the increase and decrease
of sectoral output among different periods. The ratio of the value
of output in current prices to that in constant prices is the price
index, which reflects the change in the price level of the sectoral
output affected by inflation or changes in the quantities of inputs
used. We have measured the price indexes for 34 sectors and 34
commodities using input-output tables in cooperation with the
State Statistical Bureau of China. Those indexes are employed to
arrive at the results presented in Tables 4 and 5. The value of
output in constant prices are used to calculate the rate of growth
for each sector. The value of output in current prices is used to
calculate the share of intermediate input, capital and labour in-
puts in the value of output for each sector.
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Intermediate Input

Data on intermediate inputs are from the time series included in
the “USE" table (1981-1987). Thirty-four commodities are distrib-
uted to 34 sectors and final demand. The various commodities
allocated to each sector make up the intermediate input of the
sector. The prices of inputs are the producers’ prices. In the input-
output table, because the consumer prices have been decomposed
into producers’ prices, transportation expenses and balance of
trade in each commodity they are regarded as input of trade, and
the sum of transportation expenses in each commodity is the
input of transportation.

The unweighted index of intermediate input for each sector is
the sum of all commodities taken as inputs. The quality of inter-
mediate input is defined as the ratio of the translog index number
to the unweighted index. The contribution of intermediate input
growth to output growth is decomposed into the contribution of
unweighted intermediate input change and quality change of in-
termediate input. The results are listed in Table 5.

Capital Input

Capital service flow is the volume of capital input, which is de-
rived from the price of capital stock and the value of capital stock.
The price of capital stock in our study is computed using data on
depreciation funds and profits. Rental price was used in
Jorgenson's study (1987). The capital stock include fixed assets
and current assets. The fixed assets is a weighted sum of past
investments. The weight is the ratio of investment to value of fixed
assets each year. Fixed assets contain equipment and buildings.
The value of depreciation is deducted from the original value of
assets (acquisition price of assets) year by year. The value of
current assets is the sum of inventories, including materials, semi-
manufactured goods and finished products. The capital stock
does not contain the total value of land. Only the compensations
paid to agricultural land to build factories and railways are in-
cluded in the capital stock. Capital input for each sector combines
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price and quantity data, cross-classified by ownership of assets
and types of assets, into price and quantity indexes of capital
input. Changes in the quality of capital stock represent the differ-
ence between changes in the translog quantity index of capital
input and changes in an unweighted index of capital stock. In-
dexes of the quantity of capital input are presented in Table 4 for
34 sectors. The corresponding indexes of quality of capital and
capital stock are presented in Table 5.

Labour Input

There are two kinds of workers in our country: wage earners and
self-employed peasants or workers who obtain compensations
from sales of their own agricultural products and non-agricultural
products. The labour input for each sector combines price and
quantity data, cross-classified by sex, age, education, and employ-
ment status, into price and quantity indexes of labour input. The
original data come from the population census and the Statistical
Yearbook of China. Finally, we conducted a sample survey on the
changes in employees’ incomes and generated time series data on
the structure of five dimensions of Chinese labour (1981-1987).
Sectoral labour outlays (labour compensation) are derived using
input-output tables.

A measure of total labour for each sector can be derived by
adding labour across all 280 categories of labour input. The qual-
ity of labour input is defined as the ratio of labour input to total
labour, Changes in the quality of total labour represent the differ-
ence between changes in translog quantity index of labour input
and changes in an unweighted index of total labour. These in-
dexes are presented in Tables 4 and 5.

V. Concluding Remarks

1. With reference to Tables 1-5, we estimate quantitatively various
indicators of China’s economic growth:
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(i) From 1952 to 1990, China’s economy develops rapidly. The
mean annual growth rate reaches 6.78 per cent, which is higher
than that of industrialized countries. However, it is lower than
10.2 per cent, which is the average growth rate of Japan from the
mid-1960s to 1973 (see Table 6). Twelve years after implementing
the open-door policy, China’s economic growth remains stable
and the average growth rate is 8.35 per cent. From 1978 to 1988,
the average growth rate then reaches 9.18 per cent.

Table & Main developed countries output growth
{average percentage changes at annual rates)

United Japan Germany United Canada Austria France

States Kingdom
1960s(c)-1973 38 102 4.6 i3 5.1 4.5 5.9
1973-1979 28 3B 2.4 1.1 4.9 is 34
1979-1985 20 4.1 1.5 1.2 23 1.8 1.1

Source: OECD Working Party No.1 of the Economic Policy Committee.

(ii) China's economic growth depends mainly on the inputs of
capital and labour. The contribution of capital input to economic
growth during the period 1953-1990 is 75.07 per cent and that of
labour inputs is 19.47 per cent; the contribution of productivity
growth to economic growth is only 5.46 per cent. This shows that
we should pay more attention to the rational utilization of the
resources of capital and labour in China’s economic development.
Table 1 shows that a capital growth rate of 9.89 per cent is neces-
sary to maintain the employment level of the labour force. How-
ever, this can neither raise the capital productivity without
significantly accelerating economic growth nor get rid of the un-
reasonable allocation of capital and the low efficiency of capital
utilization. After 1978, the contribution of factor inputs to eco-
nomic growth decreases while the contribution of productivity
grows as economic growth increases to 31.88 per cent. In particu-

Productivity and China's Economic Growth, 1953-1990 51

lar, the share of contribution of productivity growth was much
higher than that of capital inputs during the Sixth Five-year Plan.

(iii) Through the short-term analysis of 34 industrial sectors
from 1981 to 1987, it is obvious that intermediate inputs are the
main factor of output growth, followed by capital inputs. There
are only two industrial sectors whose output growth is largely
due to productivity growth; eight sectors meet a negative contri-
bution. The contribution of productivity varies significantly
across sectors. The average share of contribution of productivity
growth to output growth is 19.99 per cent and the mean square
error is 14.94 per cent for the 24 industrial sectors with positive
growth. The average share of contribution of productivity growth
is 11.29 per cent, and the mean square error is 2.5 per cent for
mining and raw material industries, showing that differences in
productivity are small among these industries. On the contrary,
the average share of the contribution of productivity growth to
output growth is 33.75 per cent and the mean square error is 18.56
per cent in mechanical and electronics industries, showing great
differences in these industries. The contribution of miscellaneous
manufacturing industry is the highest one with 69.98 per cent
because it is a hi-tech industry.

All the data mentioned above also show that, to ensure a
balanced development of China, basic industry should be devel-
oped and its growth rate kept at an appropriate rate even though
the productivity growth is not higher. This strategy is beneficial to
the long-term economic development of China.

2. There are many factors which restrict the economic growth
of China. First of all, there are non-economic factors. For example,
the natural disasters which happened at the beginning of the
1960s had brought about a negative growth rate for three years.
The lowest growth rate was -33.46 per cent in 1961. The economy
did not recover to 1959's output level until 1965. Since investment
funds had depended mainly on domestic accumulation since the
Second Five-year Plan, the negative growth of the economy
sharply reduced accumulation and hindered economic develop-
ment. Besides, political turmoils such as the Cultural Revolution
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from 1966 to 1976 which resulted in negative economic growth for
three years and low growth rate for two years inflicted destructive
effects on the economy. In spite of the ten years of the open-door
policy, political disturbances and inflation lowered economic
growth rate in 1989 to 6.85 per cent, lower than that of 1988. In
1990, the growth rate was 5.43 per cent, still lower than that of
1988. Therefore, political stability is the pre-condition for eco-
nomic development.

Mext in importance are economic factors, for instance, mis-
takes in decision-making, policy adjustments, inflation, irrational
utilization of resources, distorted industrial structure, price sys-
tem and imperfection of the tax system, etc. The periodic “over-in-
vestment” which appeared in 1950s, 1970s and 1980s is the main
manifestation of decision-making error, intensifying the disequi-
librium in aggregate supply and aggregate demand. Moreover,
subsequent adjustments decreased the rate of economic growth in
China. The first inflationary period occurred in the 1950s, For two
consecutive years, 1958 and 1959, inflation persisted resulting in
the loss of economic growth by 12.28 per cent. Irrational utiliza-
tion of resources was reflected in the low growth rate of produc-
tivity. From 1953 to 1978, there were 13 years in which the
productivity growth rates were negative. In the period 1978-1990,
because of policy adjustments in 1981, the growth rate was lower
than that in 1980 by 3.12 per cent, leading to negative growth in
productivity. The slowdown in economic growth and the nega-
tive growth in productivity during 1989 and 1990 were a reflection
of both political disturbances and inflation.

In conclusion, firstly, in order to maintain a stable economic
expansion, a stable political environment has to be ensured. Sec-
ondly, the open-door policy has to be continued; advanced tech-
nology and management know-how from developed countries
have to be introduced. Science and technology should be allowed
to fully develop their potential as the most important source of
productivity growth. Thirdly, the investment funds have to be
allocated with a view to enhancing the rationalization of the in-
dustrial structure and to maximizing the efficiency of the national

Productivity and China’s Economic Growth, 1953-1990 53

economy. Fourthly, the decision-making process should be scien-
tific and democratic; mistakes resulting from the centralization of
decision-making power should be avoided. Fifthly, distortions in
the price system should be removed, and the allocation mecha-
nism and the tax systems improved; the vitality of large and
medium-size enterprises is to be enhanced to ensure a stable
growth of the national economy.
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Regional Disparities in the Sectoral
Structure of Labour Productivity,
1985-1989

Tien-tung Hsueh
Tun-oy Woo

I. Introduction

China is a large country in terms of both the size of the territory
and population. As a large country, the climatic conditions and
(natural) resource endowment vary substantially among different
geographical regions, which for historical reasons shape the pat-
tern of spatial distribution of economic activities, productivities,
and living standards. Such patterns (affected by geographical and
historical heritage), however, have rarely been able to meet the
needs and desire of the central government, both politically and
economically. The rectification of the deficient spatial distribution
patterns has required the formulation and pursuit of regional
social and economic development strategies by the central gov-
ernment as efficient markets did not exist and could not be
trusted.
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In the formulation of a regional economic development strat-
egy, the Chinese authorities have had to face the same problem
which troubles of large developing economies: the growth/equity
trade-off issue symbolized the controversy over a trickle-down (or
spread effect) versus a backwash effect.” Namely, would a dis-
criminatory regional development strategy accelerate the eco-
nomic growth of the national economy? Would it lead to regional
income polarization, widening the income and productivity gaps
between the privileged and under-privileged regions due to a
cumulative causation effect? How long would such a stage of
widening income disparities persist? Would the income gap be
closed rapidly by the trickle-down effect or spread effect triggered
by the privileged regions — the growth pole? Certainly, the Chi-
nese authorities have had to search for the appropriate balance
between growth and equity and to decide how to strike a balance.
It should be emphasized, however, that regional development
strategies in China have not been determined primarily on an
economic basis. In some periods, military and ideological consid-
erations have overshadowed economic needs.

In short, from strategic and ideological viewpoints, the Chi-
nese authorities (under Mao Zedong) felt uneasy about the pre-
vailing patterns of regional distribution of economic activities
inherited from the Nationalist regime. Namely, production
strength in terms of human capital, physical assets and technical
know-how was highly concentrated in the coastal areas in the
east. However, mineral ores and other natural resources were
mainly deposited in the interior regions — the central and the
western regions. Economically, huge disparities in the spatial dis-
tribution pattern of natural resources and processing capacity
were also imposing a very heavy burden on the transportation
and communications systems. Long-distance transport of mineral
ores and other natural resources from the central and the western
regions to the east, and the subsequent export of finished products
from the east to the central and western regions enhanced trans-
portation costs, were wasting time and adding risks to produc-
tion. The concentration of industrial consumer-goods production
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in the east could not take due care of the interests and needs of the
people in the interior regions. The biased regional distribution of
productivity gave rise to substantial inter-regional disparities in
living standards. Most likely, the work incentive and initiative of
the people in the interior regions were constrained by the "unfair”
pattern of regional distribution of income in favour of the coastal
areas.

Strategically, under the threat of potential invasion by West-
ern countries, it was unwise to put a major proportion of China’s
production capacities in the coastal areas which were vulnerable
to attack.” In case of war, every region would fight independently,
implying a high degree of self-sufficiency in materials and con-
sumer-goods supplies. Politically, the Chinese authorities (under
Mao) regarded the interior regions more reliable and supportive
as compared with the coastal region which had been under West-
ern influence for a long period of time. Persistence of large income
and productivity disparities between the interior and coastal re-
gions could gradually diminish support from the former and en-
hance the influence of the latter, which were, however, potentially
unreliable. Ideclogically, Mao Zedong could not tolerate the wid-
ening inequalities between the regions and preferred local initia-
tives. Emphasizing local initiatives, local authorities would be
allowed more autonomy for the selection of their own structure of
economic activities.

Before 1978, to rectify the defects of the inherited irrational
pattern of regional distribution of economic activities, the Chinese
authority had pursued regional development strategies relocating
production capacity, channelling relatively more resources (both
physical and human) to the interior areas and granting them more
autonomy to diversify their economic activities. The most dra-
matic had been the large-scale construction and development of
the Third-Front industries starting from the mid-sixties up to the
mid-seventies as a measure for war preparation against possible
attack by the USA and even the USSR. Accordingly, the invest-
ment and output shares of the interior regions had increased
while the income gaps (measured by per capita national income)
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among the East, the Middle and the West had been reduced.” In
addition, economic activities in the relatively backward areas had
become diversified and more balanced, resulting in higher pro-
ductivity growth. The cost had been, however, as expected, some
decrease in static allocative efficiency at the national level.*

After 1978, with the replacement of the ideologically inclined
Maoist line of socialist construction by Deng Xiaoping’s effi-
ciency-centred modernization drive (based on enlivening the do-
mestic economy and opening to the outside world) and the
waning of war fear, the Chinese authority altered its regional
development strategy. The preferential policies for fostering in-
dustrial growth in the interior region were phased out. Instead,
privileges were granted to the coastal areas. Such a change was
inevitable given the post-1978 efficiency/ profit-oriented develop-
ment goal and decentralized administrative institutions. As the
efficiency of static resource utilization of the coastal areas was still
significantly higher than the interior areas, the enhancement of
static efficiency required the transfer of resources from the interior
to the coastal areas. In addition, the open-door policy could be
more effectively implemented by the coastal areas due to geo-
graphical proximity and a superior investment environment.
Thus, in the short run, to attract foreign investment, preferential
policies were to be granted to the coastal areas. Finally, devolution
of decision-making and management over the use of funds and
resources to local authorities and enterprises facilitated inter-re-
gional resource movements. As productivity was higher in the
East, profit-seeking practices resulted in the outflow of resources
from the interior to the coastal areas. In fact, with the decrease of
direct control over resources and funds, the central authority
found it increasingly difficult to realize the planned delivery of
resources to the interior areas. Thus, starling in 1979, the pattern of
spatial resource allocation was reversed. Nevertheless, it was not
until 1985 that the central authority did officially proclaim the
practice of a three-tier gradated regional development strategy
during the Seventh Five-Year Plan (1986-1990).
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The underlying rationale of the development strategy is the
law of comparative advantage. China has been divided into three
economic regions: the East, the Middle and the West. The East
would serve as the growth pole specializing in the production of
relatively technology-intensive products especially for exports.
An outward-oriented development strategy would be im-
plemented. To attract foreign investment, promote exports and
foster the development of high-tech industries, preferential poli-
cies, tax concessions and administrative autonomy would be
granted to the East. The other two regions should cooperate with
and help the East achieve the above objectives, In return, the East
should cut back production of some low-tech products such as
low-priced mass consumption goods, leaving the market to other
regions. Areas within the middle region are relatively well-en-
dowed with mineral ores and natural resources. They should
concentrate on producing industrial raw materials, energy and
selected manufacturing industries in which they enjoy endow-
ment advantages. It is believed that although the middle and the
western regions may have to sacrifice some autonomy and eco-
nomic growth rate at the initial stage, the strategy would enhance
the economic growth of the “high-productivity” region very sub-
stantially. In the second phase, via the powerful linkage and mul-
tiplier effects generated by the growth poles in the East, the
growth momentum would be transmitted to the interior regions
step by step in accordance with productivity differentials and the
law of comparative advantage, i.e., the Middle first, followed by
the West. Thus, what had happened in the East during the early
stage would occur in the Middle and then in the West. Initial
income and productivity disparities would be contained and re-
duced while the whole nation would enjoy much more rapid
growth.

The gradated regional development strategy constituted a
very important component of the Seventh Five-Year Plan. At pres-
ent, it is still advocated by many officials and researchers. The
Seventh Five-Year Plan is all history now. It is time to give some
preliminary assessment of the three-tier gradated regional devel-
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opment strategy. This chapter attempts to examine the regional
disparities of sectoral labour productivities between 1985 and
1989, The analysis focuses on five sectors: industry, agriculture,
construction, transportation and communication, and domestic
trade, which constitute the national income of China. Section Il
investigates the changes in regional disparities of labgur produc-
tivity for various sectors to find out whether the gradated devel-
opment strategy did enlarge the disparities among the East, the
Middle and the West. In addition, the impact on intra-regional
disparities will be examined. Section Il attempts to calculate the
changes in relative competitiveness of labour productivity in var-
ious sectors for each province and the three regions, i.e., the East,
the Middle and the West, using the modified “Shift-Share Model”
to identify the sectoral structure and relative competitiveness ef-
fect. The relative net labour productivity competitiveness for each
province and region will be compiled after isolating overall pro-
ductivity changes due to the shifts in the sectoral employment
structure. The issue of the impact of the gradated regional devel-
opment strategy on inter-regional disparities in labour productiv-
ity competitiveness will thus be clarified. Concluding remarks are
given in Section IV.

I1. Regional Disparities in Labour Productivity

Disparity in Per Capita National Income

In theory, the patterns of regional disparities in income and pro-
ductivity change in accordance with the regional development
strategy. Thus, as mentioned in the introductory section, the dis-
parities in output share, income and productivity between the
relatively advanced region, the East, and the backward regions,
i.e., the Middle and the West, should have been narrowed during
19531978, especially in the mid-sixties. On the contrary, the dis-
parities are expected to have widened again since 1979, especially
after 1985, if the trickle-down or spread effect triggered by the
privileged region (the East) were not substantial and rapid
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enough to off-set the backwash effect. Persistent and growing
regional disparities, however, ‘cguld have serious political and
economic implications.

As shown in Table 1A, measured by the weighted coefficient
of variation® of per capita national income of all provinces and the
three municipalities directly under the Central Government
(DUCG), i.e., Beijing, Tianjin and Shanghai, the degree of inter-
provincial income disparity surged up from 0.5497 in 1953 to
0.7846 in 1978 and then declined to 0.5741 in 1985 and further to
0.4442 in 1990. Such a pattern of changes seems to be in contradic-
tion with the conventional wisdom that discriminatory develop-
ment policies in favour of (against) the relatively backward and
poor region(s) at the expense of (to the benefit of) the relatively
more productive and well-to-do region(s) should reduce (enlarge)
regional income disparities. However, by decomposing inter-pro-
vincial disparity into intra-regional and inter-regional disparities,”
grouping all provinces into three regions, the East, the Middle and
the West, we find that the conventional wisdom still holds: prefer-
ential policies for the Middle and the West before 1979 did narrow
inter-regional income disparity between the advanced and back-
ward regions. Table 1B shows that the ratio of per capita national
income in the East to that in the Middle and in the West had
changed from 100:77.612:55.439 in 1953 to 100 : 82.926 : 72.775 in
1965 when the Third-Front construction drive had begun to take
pace. With the waning of the war preparation campaign, the ratio
changed to 100 : 68.008 : 55.240 in 1978. Then, with the gradual
shift of attention from the interior areas back to the coastal areas,
especially with the opening of the 14 coastal cities in 1984, the ratio
changed to 100 : 66.910 : 54.167 indicating growing disparity be-
tween the coastal and interior regions. Nevertheless, in 1985, asa
result of the retrenchment policies which affected foreign invest-
ment in the coastal areas, the relative (per capita) income of the
Middle and the West enjoyed some improvement. After 1985,
however, inter-regional disparities increased. In 1989, the average
per capita income in the Middle and the West accounted for 63.824
per cent and 52.606 per cent respectively of that in the East. The



62

Productivity, Efficiency and Reform in China’s Economy

decline of the Middle was spectacular. Then, once again, as a
result of the full play of the retrenchment-cum-readjustment poli-
cies, the relative position of the interior regions, especially the
West, improved in 1990,

Table 1A Inter-provincial and intra-regional disparities'" in per ca-

pita national income"”, 1953-1990

Year InPD™ IrRD™ VIrRD'
E M W VT
1953 05497 06353 03969 02781 08808
1965 05960 07807 03426 02176 0.9509
1978 07846 08915 03008 02176 0.9000
1984 0.5888  0.5916 02488  0.1825 0.8055
1985 05741 04876 02035  0.1445 0.7924
1989 04835 04509  0.1994  0.1535 0.6850
1990 0.4442 0428 02006  0.1599 0.6929

Sources: Statistical Yearbook of China, various issues and Hsueh, Li and Liu

Motes:

(1993),
(1} The degree of disparity is measured by the weighted coefficient of

variation.

(2) Per capita national income at current price,
(3) InPD is inter-provincial disparity in per capita national income

il

=l|=—=

vy, (Ye- 1) Py
k

g

where Y is the national mean of per capita national income

¥ YuPi: Yk is the per capita national income of provinee k; Py is
k

the population share of provinee k,
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{4) IrRD is intra-regional disparity in per capita national income

1 =
=N’=ﬁ§{m- V) Py

where j is the pertinent region; E = East, M = Middle, W = West;
Y| is the mean of per capita national income in region j = ¥ Yi;Pij
k
where Y} is per capita national income of province k in region j;
Pyj is the population share of province k against the total of region
j; the East includes Beijing, Tianjin, Hebei, Liaoning, Shanghai,
Jangsu, Zhejiang, Fujian, Shandong, Guangdong, Guangxi and
Hainan: the Middle includes Shanxi, Inner Mongolia, Jilin,
Heilongjiang, Anhui, Jiangxi, Henan, Hubei and Hunan; the Wesl
includes Sichuan, Guizhou, Yunnan, Tibet, Shaanxi, Gansu,
Mingxia, Qinghai and Xinjiang,

{5) The sum of intra-regional variations over total inter-provincial

variations is
T X (Y- T)* Py
j &k

¥ (Yi- V) Py

b

where the numerator is the total sum of intra-regional variations of
the East, the Middle and the WestL
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Table 1B  Inter-regional variation and comparison of per capita
national income, 1953-1990

Year nRD" VInRD/V @ Ye: Ym: Yw@
1953 02115 0.1480 100 : 77.612 : 55.439
1965 0.1336 0.0503 100 ; 82.926 : 72.775
1978 0.2389 0.0927 100 ; 68.008 : 55.240
1984 0.2626 0.1990 100 : 66.910 : 54.167
1985 0.2434 0.1798 100 : 68.758 : 54.736
1989 0.2708 0.3136 100 : 63.824 : 52.606
1990 0.2451 0.3044 100 : 65.534 : 55.789

Sources: See Table A,

Notes: (1) Inter-regional disparity in per capita national income

VI (¥ -1 py

I

where P; is the population share of region j; for the computation of
Y and Y}, sec Table 1A.

{2) Proportion of inter-regional variation against tofal inler-provincial
variation in per capita national income

T-0'p
J

1
¥

IR
k

(3} The ratio of per capita national income of the East to that of the
Middle and of the West,

As a matter of fact, the upsurge of inter-provincial income
disparity during 1953-1978 had primarily been due to the increase
of intra-regional income disparity in the East as indicated by the
abrupt rise of the weighted coefficient of variation in the per
capita income of all provinces in the East. During the same period,
however, inter-provincial income disparities in the Middle and
the West had declined. Such a pattern of changes reveals the
nature of the Soviet-type development and investment policies.

Regional Disparities in the Sectoral Structure 65

Before 1978, investment had been nearly completely determined
by the state. Relatively more resources had been directed to the
interior regions (especially the relatively backward provinces), so
inter-regional disparities between the coastal and the interior re-
gions had decreased while intra-regional disparities in the Middle
and the West had diminished. On the other hand, with the relative
decrease in supplies of investable resources in the East, in order to
preserve overall productivity and guarantee material supplies,
resources had had to be concentrated for use in the relatively more
productive provinces and municipalities (DUCG), i.e., the tradi-
tional industrial centres in the East, resulting in growing intra-re-
gional income disparities. During 1985-1990, however, the pattern
was reversed: intra-regional disparities declined substantially in
the East, but surged in the Middle and the West (although not
significantly). The remarkable decrease of intra-regional disparity
in the East was due to a drastic diminution of relative income in
the old industrial centres especially Shanghai, Beijing and Tianjin,
which was, in turn, the result of the devolution of investment
autonomy by the central government, diseconomies of agglomer-
ation of economic activities in the old centres as well as the grant-
ing of preferential policies to the outward-oriented coastal
provinces. In contrast, with the waning of support and subsidies
to Third-line industries, the relative performance of the backward
provinces in the interior region deteriorated while that of the
advanced provinces improved. Nevertheless, during the early
stage of economic liberalization (1979-1984), intra-regional ine-
qualities in all regions: the East, the Middle and the West declined.
It might be attributable to the diminution of intra-regional policy
differences and the increase of autonomy for all authorities to
arrange their activities on a competitive basis. These effects were,
however, once and for all. All in all, after 1978, with the net
decrease of intra-regional disparities and increase of inter-re-
gional inequalities, the percentage share of inter-regional varia-
tion in total inter-provincial variation surged from 9.27 per cent in
1978 to 31.36 per cent in 1989 in contrast with the decrease from
14.80 per cent in 1953 to 5.03 per cent in 1965 (see Table 1B).
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Labour Productivity Disparities

Concerning labour productivity disparities, we focus on the
changes which took place in the five sectors: agriculture, industry,
construction, transportation and communication, and domestic
trade during 1985-1989. Owing to data inadequacy, and the lack of
provincial capital stock data for each of the five sectors, we cannot
apply the production function approach to estimate marginal lab-
our productivity. In addition, the practice that averages labour
productivity still remains one of the most important efficiency
indicators for performance assessment in China; as well, with the
close linkage between per capita income and average labour pro-
ductivity, we use average labour productivity rather than mar-
ginal productivity for analysis. Tables 2, 3, 4 and 5 summarize for
each region the output composition and employment structure,
the output share and employment share (relative to the national
total) of each of the five sectors in 1985 and 1989. Figures of the
average labour productivity for each sector in 1985 and 1989 are
presented in Tables 6 and 7 respectively.
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Table2  Output composition and employment structure of national
income by region and by sector, 1985 (%)

Region Ag 1 Cn Tr Dr  Cn+Tr+Dy

East  20909") 59226 5783 4102 9998  19.865

(55609 (21,149) (4.698- (2532- (15495 (23.242)
4.956) 2791)  15.954)

<0.8907>" <1.2566> <1.1560- <1.0739- <1.0992- <1.1208>
1.1867= 1.1305= 1.1088>

Middle 33.890 46,160 6.832 4,752 8.364 19,948
(64.213) (15619  (3.749) (2.456) (13.963) (20.168)

<1.0285> <0.9280> <0.8955- «0.9948. <0.9826- <(.9726>
09222 1.0416= 0.9905-

West 34.580 42.485 B8.004 4.101 10.830 22935
(712.5T) (10.542) (3.348) (1.B86) (1L.679) (16.913)

<1.1624> <0.6264> <0.8017- <0.7639- <0.8220- <0.E156>
0.8236>  0.7999> 0.8285>

National 26.997 32,630 6.451 4.299 0.624 20374

(62.433)  (16.831)  (4.0653- (2.358- (14.097- (20.737)
4.1764) 2.469)  14.208)

Sources: See Table 1A.

Notes:  Sectors: Ag = Agriculture; I = Industry; Cn = Construction; Tr =
Transportation and Communication; Dt = Domestic Trade,

Regions: As listed in the notes of Table 1A, Hainan is not included in
the East and Tibet is excluded from the West due to paucity
of data. As no data on employment in the construction sector
of Hainan are available and the data available for employ-
ment in Guangdong include Hainan's, so we have o estimate
based on available data concerning total employment as well
as the employment level in Agriculture and Industry in Hai-
nan. Data on employment share of the East and of the whole
nation of the table on Cn, Tr, and D are based on estimates
of the lower and upper limits of employment in the construc-
tion sector in Hainan, For instance, the 4.698 per cenl on
employment share of the construction sector in the East is
derived based on the assumption that all employment in
Hainan other than Agriculture and Industry is absorbed by
the construction sector. Then, the comesponding estimated
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employment share of Tr and Dy in the East should be 2.791
per centand 15.754 per cent respectively, The 4,956 per cent
on the other hand is arrived at by assuming that employment
in the construction sector of Hainan is zero.

(N Figures without parentheses: output share of the pertinent
sector in national income of the region concerned.

(4] Figures with ( ): employment share of the pertinent sector in
national total employment of the region concerned.

(3) Figures with < >: employment share of the pertinent sector in
the relevant regionfemployment share of the same sector in
national total employment, which may be regarded as the
revealed comparative advantage of the pertinent sector for
the region in question.

Table3  Output composition and employment structure of national
income by region and by sector, 1989 (%)

Region Ag I Cn Tr Dt Cn+Tr+Dr

East 16872V 63928 4944 4497 9759  19.200
(52.0400% (22.127) (5.389) (3.012) (17432) (25.833)
<0.8666>" <1.2732> <1.2162> <1.1636> <1.1212> <1.4470>

Middle 27.731 52822 5652 5083 8713 19.448
(62262) (16.021) (3.920) (2537) (152600 (271D
<1.0368> <0.9219> <0.8846> <0.9800> <09816> <0.9623>

West  21.964 46565  T.0145 4794 12348 24254
(71.369)  (10.749) (3.442) (1.960) (12.545) (17.882)
<l.1884> <0.6185> <0.7767> <0.7323> <0.8069> <0.7924>

National 21.964 57974 5490 4714  9.858 20062
(60.054)  (17.379) (4431} (2589) (15.547) (22.567)

Sources: As for Table 1A,

Wotes: (13, {(2), (3): The samc as in Table 2 except that data on Hainan's
employment structure are available so employment shares of the East
on Cn, Tr, Dy are actual data rather than estimates as in Table 2.
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Table4  Output share and employment share in national total
by region, 1985 (%)

Region N1 Ag I Cn Tr Dt Cn+Tr+Dr

East 539367 41773 60.696 48356 51.460 55936 52,590

{-1n3.{13-1',!||mI (38.328) (54.069) (49.729- (46.217- (47.299- (48.230)
51.067) 48.638) 47.711)

Middle 30339 38086 26611 32132 3354 26368 29.705

(33.972)  (34.940) (31.526) (30.499- (33.784- (33.385- (33.041)
31.332) 35.387) 33.650)

West 15725 20,141 12,694 195012 15000 17696 17702

(22.998) (26.732) (14.405) (18.435- (17.568- (18.904- (18.72%)
18.939) 18.396) 19.053)

Sources: As for Table 1A,
MNotes: (1) Mational income = aggregation of all five sectors,

{2) Figures without parentheses: proportion of the output value (in
constant price) of the pertinent sector of the cencerned region in
national output value of the same scctor.

{3) Figures with parentheses: proportion of the employment level of
the pertinent sector of the concerned region in national employ-
ment level of the same sector.

Table 5  Output share and employment share in national total
by region, 1989 (%)

Regioo NIV A I Cn Tr Dr Cn+Tr4Dy
g g

East 551947 42498 60862 49709 52649 54639 52822
(@2.392)™ (36.734) (53.973) (51.557) (49.325) (47.531) (48.527)
Middle 29.180 36841 26,587 30,041 31460 25791 28,286
(34.269)  (35.529) (31.592) (30.315) (33.584) (33.637) (32.978)
West 15626 20,761 12.551 20251 15891 19.570  18.892
(23.339) (27.737) (14.435) (18.128) (17.091) (18.833) (18.495)

Sources: As for Table 1A,
MNotes: (1), (20, (33 The same as in Table 4.
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Average labour productivity by sector and by region, 1989 (RMB)

Table 7

Cn+Tr+Dr

Tr
2784211

Cn

NI

Region

1386.079
<0.7432>

1044.049

1710955
<0.9174>

5388.016

604.627
<0.3242>

1864.924

East

<0.5598>
(1.1496)

<1.4929>
(1.0674)

<2.8891>
(1.1276)

4021.49
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(1.0885)

(0.9641)

{1.1542)
543.205

<0.4454>

{1.2020)

1219.634

1092.197
<0.8955>

696.385
<0.5710>

(0.7668)

2443.402

1758.568

<1.4419>

Middle

<2.0034>

<3.2970>
(0.8416)

(0.857T)

1300.730
<1.3563>

(0.9367)
2425.284

(0.9910)

(1.0369)
392,113

<0.4089>

{0.8515)

443,788
<9841
{1.0392)

1982.357

<20671>

4154 .407
<4,3320>
{0.8695)

958.997

L

<2.5290>
((.9298)

2608.409

{1.0215)

(1.1171)

(0.7485)

{0.6695)
1432.351

1273.377

<0. 8890

908.225

<(L.634]>

4778.126 1774.588
<1.2389>

523.860
<0.3657>

Mational

<1 .8211=>

<3.3359=

l:
07880 :

0.9384

East

0.8776; 0.6670
0.8711

1.0278 :

0.7463 :
0.7711

0.8984 :

0.6540:

0.5142

Middle
West

0.9040

1.1586

0.6485

Sources: As for Table 1AL

The same as in Table 6.

Motes:
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As shown in Tables 2 and 3, compared with the Middle and
the West, the employment structures of the East in 1985 and 1989
are biased in favour of the non-agricultural activities, especially of
industrial production. The ratio of the percentage share of agricul-
tural employment (to total employment) in the East to that of the
national total is smaller than 0.9 while the same ratios for the
Middle and the West are larger than 1. The corresponding ratios
for non-agricultural sectors in the East are all larger than 1 with a
maximum of 1.257 and 1.273 for industrial output in 1985 and
1989 respectively. Conversely, the ratios for all non-agricultural
production in the Middle and in the West are smaller than 1.
Nevertheless, even in the East, the agricultural sector still absorbs
more than 50 per cent of total employment although the agricul-
tural output only accounts for about 20 per cent of national in-
come, On the other hand, the industrial sector, with less than 25
per cent of total labour force, generates over 50 per cent of national
income. It implies a substantial disparity in labour productivity
between the agricultural and industrial sectors. Similarly signifi-
cant disparities occur in the Middle and in the West as well (see
Tables 6 and 7). As a matter of fact, on average, the average labour
productivity of the (most productive) industrial sector is 5-10
times that of the (least productive) agricultural sector. The
weighted coefficients of variation in average labour productivity
of the five sectors for all provinces in the East, the Middle and the
West are 0.9024, 0.898 and 1.127 respectively in 1985, which in-
crease to 1.0174, 1.0578 and 1.2755 in 1989. The weighted average
of the coefficients of variation for the three regions combined are
0.9525 in 1985 and 1.0915 in 1989. Thus, the intra-regional-inter-
sectoral labour productivity disparities are large and surging up-
wards during 1985-1989. It is to be noted that the disparity is the
largest in the least productive region, the West, implying a more
severe dualistic economic structure with less spread effect trans-
mitted from the most productive sector. Moreover, labour pro-
ductivity of the industrial sector experiences the most rapid
growth although it is already the highest among the five sectors,
thus widenifig inter-sectoral disparities. Unfortunately, by 1985,
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on average, at the national level more than 60 per cent of the
labour force is still employed in the least productive (agricultural)
sector while the most productive (industrial) sector absorbs less
than 17 per cent of labour. Obviously, the employment structure
of China, especially the Middle and the West is not conducive to
labour productivity growth. Reallocation of labour from agricul-
tural to non-agricultural sectors especially the industrial sector
could improve the overall labour productivity substantially if es-
sential material inputs are available.

With regard to the inter-regional-intra-sectoral labour pro-
ductivity differences, as shown in Tables 6 and 7, in general, the
East performs best except for construction and agricultural pro-
duction. On balance, overall average labour productivity in the
East is higher than that in the Middle and the West. The disparities
grow larger in 1989. The ratios of overall average labour produc-
tivity in the East to that in the Middle and in the West is 100: 71.25
: 54.55 in 1985, changing to 100 : 65.40 : 51.42 in 1989. Relatively
higher productivity in the East can be attributable to better factor
supply conditions, (especially those concerning the supply of
human capital, general infrastructure and productive assets) as
well as preferential policies for the attraction of foreign invest-
ment. The growing inter-regional disparity in overall labour pro-
ductivity coincides with widening inter-regional inequality in per
capita national income.

To test whether inter-regional-intra-sectoral disparities have
been enlarged or reduced during 1985-1989, the weighted coeffi-
cient of variation of average labour productivity for each sector of
all provinces and municipalities (DUCG) in 1985 and 1989 is com-
piled. Similar to the above analysis of income disparities, varia-
tions of labour productivity are decomposed into intra-regional
and inter-regional variations (see Table 8). The exercise indicates
that in 1989, the inter-provincial productivity disparity for the five
sectors combined is practically the same as that in 1985, changing
from 0.60777 to 0.60791. The productivity disparity in industrial
production declines while the ones for agriculture, construction,
transportation and communication, and domestic trade produc-
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tion go up during the same period. Nevertheless, the intra-re-
gional and inter-regional decomposition indicates an increase in
the share of inter-regional variation in total (inter-provincial) vari-
ations for all sectors combined, and for agricultural and industrial
production. Notably, the share of inter-regional variations in in-
dustrial production surges from 13.535 per cent to 20.718 per cent
while that of all sectors combined increases from 14.760 per cent to
19.405 per cent. All in all, for national income, agricultural pro-
duction and industrial production, labour productivity disparities
between the East, the Middle and the West widens in 1989. The
West, however, shows some noticeable improvement relative to
the East in construction, transportation and communication, and
domestic trade. The largest loser in the labour productivity race is
the Middle.

From intra-regional analysis, it is found that in 1989, intra-
regional disparities in the East for all five sectors combined are
substantially larger than that of the Middle and of the West. The
respective weighted coefficients of variation are 0.61506, 0.28774
and 0.22862 (see Table 9). Similar results hold for agriculture,
industry, transportation and communication, and domestic trade.
Productivity disparity in the construction sector of the East is
slightly smaller than that of the Middle but larger than that of the
West. For inter-temporal comparison (between 1985 and 1989),
intra-regional disparities in all five sectors combined decline in
the East (from 0.6842 to 0.6151); the most abrupt decline is in the
West (from 0.4974 to 0.2286). The Middle, however, sees an in-
crease from 0.2878 to 0.3118. For agriculture, inter-provincial dis-
parity in the whole nation increases although it declines in the
Middle. Disparities in industrial labour productivity decline nota-
bly in the East and slightly in the Middle, while they remain
practically unchanged in the West. The positive correlation be-
tween the size of intra-regional disparities and the regional pro-
ductivity level on cross-sectional basis implies the tendency for
disparities to increase when income and general productivity
(particularly for a relatively less-developed region) grow beyond
some critical levels under an economic environment and develop-
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ment strategy similar to those during 1985-1989, if the weighted
coefficient of variation is employed to measure the degree of
disparity.”

Table 9  Analysis of intra-regional disparities” in labour
productivity by sector, 1985, 1989

ENIUJ DAG“} D]{H 1—_-“:{1] DTr{!]- DD‘]‘ {1}

East 061506% 049560 031507 041259 044522 0.66233
(0.68417 (0.21855) (0.39730) (0.29157) (0.47418) (0.62620)
Middle 028774 026248 013512 042345 029637 0.20078
(0.31177)  (0.31547) (0.14328) (0.14744) (0.16718) (0.27919)
West 022682 034646 0.10450 021423 043419 042170
(0.49736)  (0.26160) (0.10252) (0.12901) (0.41317) (0.19220)

Sources: As for Table 1A,

Motes: (1) The degree of disparity is measured by the weighted coefficient of

variation in average labour productivity of the pertinent sector
among all provinces within the concerned region.
For instance, DNI in the table is the weighted coefficient of varia-
tion in average labour productivity of all five sectors combined.
For definition of weighted coefficient of variation see notes of
Table 1A.

(2) Figures without parentheses refer to the weighted coefficient of
variation for the pertinent sector in 1989,

(3) Figures with parentheses are coefficients of variations for 1985,

It is to be noted that the inter-regional-intra-sectoral produc-
tivity disparities (on the five-sector basis) are small relative to
intra-regional-inter-sectoral disparities. In 1989, the domestic
trade sector experiences the largest inter-provincial productivity
disparity with a weighted coefficient of variation of 0.59067 which
is, however, only moderately larger than the smallest inter-secto-
ral disparity (0.5249) achieved by Shanghai among all provinces
and municipalities (DUCG). In 1989, the weighted average for
inter-provincial productivity disparities of the five sectors in the
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East, the Middle and the West are only 0.36954, 0.23983 and 0.327
respectively. As a matter of fact, the relatively low overall labour
productivity in the West is partly due to its non-growth-condu-
cive output structure. Over 70 per cent of its labour force is em-
ployed in the least productive sector, agriculture, with average
labour productivity equivalent to about 10 per cent of the most
productive sector, industry. It can be shown that were the West to
adopt the average employment structure of the whole nation in
1985, its overall average labour productivity would rise by 25.764
per cent.” In case the employment structure of the East is adopted,
the rate of increase can be as high as 43.453 per cent. It is to be
noted that, as verified in the next section, even the employment
structure in the East is not conducive to overall labour productiv-
ity growth, Thus, the whole nation (and the West in particular)
does have huge potentials for enhancing general labour produc-
tivity via a reshuffling of the employment structure in favour of
the more productive sectors. During the course of reshuffling, as
the spread effect is still not substantial at the early stage — due to
the fragmented dualistic nature of the economic structure — inter-
sectoral inequalities rise, with implication for income distribution.
With the strengthening of the spread effect as a result of the
spreading inter-sectoral integration of the economic system (sym-
bolized by a higher level of per capita productivity and income)
the disparity ultimately becomes smaller.

Generally, the inter-sectoral productivity disparities are rela-
tively smaller in the provinces and municipalities (DUCG) with
higher productivity (see Table 10). The most notable examples are
Shanghai and Tianjin which attain the highest average labour
productivity but the least inter-sectoral productivity disparities in
both 1985 and 1989. On the other hand, the least productive prov-
inces, Guizhou and Guangxi, experience large inter-sectoral pro-
ductivity disparities: the highest in 1985 and among the top three
in 1989, Furthermore, inter-sectoral productivity disparities of all
three regions surge during 1985-1989. Spectacular increases occur
in the Middle which overtake the East to rank second, following
the West. The upsurge of inter-sectoral disparities is due to a



80 Productivity, Efficiency and Reform in China's Economy Regional Disparities in the Sectoral Structure 81

relatively more rapid growth of labour productivity in relatively Table 10 (Continued)
more pr?du.t:tlve sectors su.t:h1 as luu:lust!-y, tra.nsportahnn and East 146249 03760 2.8005 1.2310- 14699 0.6335- 0.9654-
communication; but productivity growth in agricultural produc- 11668 1.6199 0.6441 0.9658
tion, the least productive activity, remains stagnant. The growth <0.90235H
rates of the average labour productivity of these sectors in 1989 .
over 1985 are 30,97 per cent, 22.6 per cent, 28.4 per cent and 3.74 Shanxi 1166,50 04230 23653 17744 18489 03594 0.8585
per cent respectively compared with 22.83 per cent for the overall Inner 106688 0.6641 21192 23714 21673 0.5281 0.6583
growth rate of national income. In addition, the reshuffling of the Sougols

Jilin 141665 06126 20149 1.5990 1.3654 03563 0.665]

employment structure in favour of industrial and other non-agri-
cultural production activities at the expense of the agricultural Heilong-  1807.59 0.5948 2.0220 11950 14751 02142 07115
sector accelerates the widening of inter-sectoral disparities (mea- R

sured by the weighted coefficient of variation). In general.. the Anhui 85042 0.6028 34656 1.7957 1.9322 05860 009385

employment share of agriculture declines from 62.472 per cent in Jiangxi 895.63 05798 2.8834 23399 20727 0.5689 08568

1985 to 60.05 per cent in 1989. The largest decrease happens in the Henan §22.07 05112 3.5954 20358 2.6152 1.0027 1.0047

East, a decrease of total employment by 3.57 percentage points, Huhbei 1312.58 05480 2.8090 13884 11604 0.6250 08470

All other non-agricultural sectors do experience some increase in Hunan 808.97 05191 3.8035 20807 2.5190 (.9689 1.0455

gl e el Middle 104203 05278 29555 18221 19347 0.5990 0.8998
<(.8979=

Table 10 Imer-seclnrrnl disparity in labour productivity by province Sichaan 17639 04939 4.1089 23007 18149 09873 1.1265

and by region, 1985

Guizhou 60464 04761 5.1433 34613 35070 09928 1.3377

MO Ag® 1@ c® 7@ py®  [asp® Yunnan 68168 05140 49741 26726 1.5828 13005 1.1961

Shaanxi £70.14 03950 3.1800 3.7994 22662 0.7778 1.1797

Beijfing  2947.33 04077 19230 12117 09875 03062 07278 P sl e g

Tianjin 205438 0.2723 1.6237 0.7687 1.5580 03055 0.6438
Hebei 1091.87 04831 30246 0.094 17717 08541 09229
Liaoning  1975.04 03219 20083 08821 17264 04033 08182
Shanghai 573391 01596 1.5645 03379 08095 0.5613 0.5898

Qinghai 1008.54 0.4546 28980 24278 12712 08279 0.8965
Mingxia 108030 0.4377 28126 26136 22846 11155 05004
Xinjiang 1270.44 06438 29613 17045 1.2635 0.6721 07556

Jiangsu 144121 04265 24375 L1121 09507 04357 0.8644 West 797.80 04765 4.0301 23909 2.1744 09273 1.1228
Zhejiang 119447 04575 22530 15193 1.5693 07277 07574 <1.1270>%
Fujian 1090.04 05077 3.0951 15214 17229 07161 09073 National 116679 04324 3.1270 1.5445- 1.7412- 0.6773- 1.0026-
Shandong 107704 0.5446 3.2095 14283 1.4401 05791 09432 1.5867 1.8232 06827 1.0037
Guangdong 1239.13 0.4505 30228 1.4129- 1.3054- 0.7695- 0.9373- 0952559

21947 33451 08609 09471

Guangyi 59523 05081 S5.2003 24850 22943 15783 1.2189 Sources: As for Table 1A.
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MNotes: (1) NI is per labour national income in constant price.

(2) Figures for Ag, I, Cn, Tr, Dy are proportion of per-labour net
output value of the pertinent sector of the concerned province
(region) against per-labour national income of the same province
({region).

(3) InSD is inter-sectoral disparity in average labour productivity of
the province (region), computed as follows:

InSDy = % VY, (Ya- Vo) I
Ky
¢
where InSD is inter-sectoral disparity in provinee k; Yy is per-lab-
our national income of k; Y is average labour productivity of
sector i in province k; 1y is the employment share of i in total
employment of k.

{4) For regional inter-sectoral disparity, figures without parentheses
are compiled as the weighted coefficient of variation of average
labour productivity of the five sectors on regional basis; that is

1 -VI'“_‘_‘TQ_
InSD;= ?J YY1l

similar to InSDy, except that regional data are used instead of the
provincial data. Figures with < = are compiled as the weighted
average of the inter-sectoral disparities of all provinces within the
region concerned
=% InSDy - Iy

k
where lij is the employment share of provinee K in regional total
employment, Figure within parenthesis for national total is the
weighted average of regional disparities
=3, InSD; -l

i
where ljn is the employment share of region j in national total,

Large and growing inter-sectoral productivity disparities
tempt the local authorities to alter their output and employment
structures in favour of the more productive (profitable) sectors
rather than to improve productive efficiency. However, subject to
huge intra-regional-inter-sectoral productivity differences, with-
out deliberate state policies, the law of comparative advantage is
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not followed to arrange the pattern of economic activities at the
national level. Table 11 shows the degree of comparative advan-
tage for each sector in the region, measured by the ratio of labour
productivity in the concerned sector of the pertinent region to that
of the national average. Interestingly, some highly-industrialized
provinces do have the largest comparative advantage in agricul-
tural rather than industrial production. In fact, in 1989, the East
has the largest comparative advantage in agricultural production.
Its average agricultural labour productivity is 1.1542 times that of
the national average. The corresponding ratio for industrial pro-
duction is only 1.1276, although its industrial labour productivity
is RMB 5,388.02, 8.9 times that of agricultural productivity.
Among all provinces in the East, only Guangxi (the least produc-
tive) has the largest comparative advantage in industrial produc-
tion. Assessed by the same ratio, the largest comparative
disadvantage of the East is in construction. On the other hand, the
West has the largest comparative disadvantage in agricultural
production but the largest comparative advantage in construc-
tion. Yet, given the prevailing price structure and without state
subsidies, no province /municipality (DUCG) in the East is willing
to specialize in agricultural production according to the law of
comparative advantage if it aims to maximize overall labour pro-
ductivity because (in absolute size) its industrial labour produc-
tivity is much higher than agricultural productivity.
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Table 11 Labour productivity comparative advantage'"’ on provincial
and regional basis, 1989

NI Ag I Ch Tr Dr YedYm®
Beijing 24386 3.1103 14580 23504 15554 09390 Agf=02339
Tianjin 24790 2.2885 1.2078 1.4284 2.0615 1.8482 Ag/=0.2079
Hebei 0.9228 10007 08762 0.4958 0.9071 1.2615 Dr/1=02444
Liaoning 1.7457 1.4904 1.0769 1.1627 1.8404 0.8897 Tnl1=0.9330
Shanghai 5.0726 2.5292 2.2597 1.6709 23171 43637 Dy/I=0.3671
Jiangsu 1.3290 1.2668 0.9954 0.8489 1.4006 09818 Trl=0.7682
Zhejiang  1.0932 1.0421 0.8428 1.1260 1.1122 1.0288 Cn/I=0.4962
Fujian 1.0156 1.2770 1.1283 0.6010 0.7342 09705 Agfl=0.1241
Shandong 10381 1.1476 1.0704 08237 0.8214 09329 Apl=0.1176
Guangdong 1.2079 L3689 1.1566 1.0352 0.9018 0.9189 Ag/l=0.1298
Guangxi 04857 06258 0.8421 0.6301 0.6249 0.8330 IM=1
East 1.3020 1.1542 11276 09641 10674 1.1496 Apfl=0.1122
Shanxi 0.8923 (.8880 00,7125 09380 0.6005 0.5278 Cn/l=0.4889
Inner 08791 1.3845 0.6335 13608 11560 06871 Agl=0.2396
Mongolia
lilin 1.0870 1.3575 0.7867 0.9204 1.2351 0.7100  Agl=0.1892
?-taitn:n.g- 1.5472 1.B406 09432 2.1296 1.3919 0.7144 Cn/l=0.8386
jiang
Anhui 0.6002 09418 04788 0.6379 0.6089 (05585 Apgfl=0.1175
Jiangxi 07810 0.9925 0.7490 1.4030 1.2021 08119 Cn/l=0.6956
Henan (L6983 (L8626 0.7932 0.7566 09761 09958 Dy/1=0.2386
Hubei 10458 1.3578 10469 0.8853 (L6440 0.7684 Agfl=0.1422
Hunan 0.6523 0.7984 08234 0.7918 1.0419 0.8990 Tr/I=0.6908
Middle 08515 1.0369 0.8416 09910 09367 0.7668 Ag/l=0.1351
Sichuan 06212 0,7307 0.8260 09751 0.5931 0.9619 CnT=0.4385
Guizhou 0.4688 0.5233 0.7697 1.1903 1.0970 0.7352 Cn/1=0.5743
Yunnan 0.6165 D.6RIS 11146 14964 05887 1.3888 Cn/l=0.4986
Shaanxi 07439 0.7410 08773 08485 1.2670 (0.3362  To/l=0.7885
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Gansu 0.8617 0.6911 0.8667 1.4814 1.7204 1.9141 Dp/Tr=0.3874
Qinghai 08344 0.9431 0.8793 1.3210 0.4665 09652 Cn/l=0.5580
Mingxia 0.9413 1.0544 08091 14850 13138 1.5814 Dyfl=03715
Kinjiang 11681 19587 0.9590 13764 1.3201 13504 Agl=02239
West 0.6695 0.7485 0.8695 11171 0.9298 1.0392 Cn/=04772

Sources: As for Table 1A,

Motes: (1) The degree of labour productivity comparative advantage is re-
vealed by making an inter-sectoral comparison of the ratio: average
labour productivity of the pertinent sector in the concerned prov-
ince/national average labour productivity of the same sector, Ac-
cording to the law of comparative advantage, disregarding other
costs, the degree of comparative advantage of a sector should be
positively correlated with the size of the ratio.

(2} Average labour productivity of the sector with the largest compar-
alive advantage Yca (measured by the relative size of the above
ratio) for the pertinent province {region) as a proportion of that of
the most productive sector in the same province (region) Ym.

Concerning intra-regional productivity growth, in the East,
the relative performance of the coastal provinces has been im-
proved. Particularly, the achievements of Guangdong, Shandong,
Fujian and Jiangsu have been spectacular. Shanghai and Liaoning,
the traditional economic centres do attain some moderate im-
provement relative to the national average. However, their rela-
tive growth performance within the East deteriorates. Similarly,
the performance of the northern provinces and municipalities
(DUCG) as well as the least productive province (Guangxi) deteri-
orates relative to other provinces in the East. In 1989, the average
labour productivity in Guangxi is less than 10 per cent of Shang-
hai. It is to be noted that even in 1989, with the exception of
Jiangsu, the average labour productivity of all the above prov-
inces which experience most rapid productivity improvement
falls short of the average productivity level of the whole region. It
implies that if such a pattern of differentiated growth continues, in
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the short run, intra-regional productivity disparities in the East
would become smaller. Contrary to the East, in 1989, the growth
performance of labour productivity in the Middle deteriorates
relative to the national average. In fact, all provinces except
Jiangxi suffer some decline. The most notable down-slide occurs
in the so-called resource-based provinces and traditional indus-
trial centres: Shanxi, Inner Mongolia, Jilin and Hubei. However,
despite the remarkable relative decline, the average labour pro-
ductivity of these provinces is still above the regional average in
1989. Thus, if such trend cannot be checked, productivity progress
in the Middle should be gloomy. As for the West, the relative
performance of the whole region deteriorates in 1989. Most disap-
pointingly, the relative performance of Sichuan and Guizhou, the
most populous and the poorest provinces, declines. However,
Yunnan in the Southwest, Gansu, Ningxia and Xinjiang in the
Northwest experience some improvement. Nevertheless, as work-
ers in Sichuan account for over 40 per cent of those in the region,
failure to check its (productivity) down-slide would probably re-
sult in further deterioration of the average performance of the
whole region.

In summary, by decomposing the total variations of weighted
average labour productivity for provinces and municipalities
(DUCG), we find that, compared with 1985, the weighted inter-
regional disparity of average labour productivity based on the
three-region classification for all five sectors combined (that is,
national income) does increase, although the size of the weighted
inter-provincial coefficient of variation for the whole nation re-
mains practically unchanged. In general, the East performs better
than the Middle and the West. The average discrepancy appears
to have been enlarged further during 1985-1989. However, with
respect to construction productivity, the East does perform worse
than the interior regions. Especially, in 1989, the West can im-
prove its performance relative to the East in some sectors. Inter-re-
gional disparities in labour productivity can be attributable to
differences in resource endowment, development strategies and
policies. Yet, in China inter-regional-intra-sectoral disparities
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have usually been smaller than intra-regional-inter-sectoral dis-
parities. In general, the average labour productivity of industry,
the most productive sector, is over five times that of agriculture,
the least productive sector. Thus, inter-regional disparities in
overall labour productivity should have been attributable to dif-
ferences in employment structure to a certain extent. Although the
employment structure of the whole nation in 1985 is not growth-
conducive, that of the East performs better while the West per-
forms the worst. Large inter-sectoral disparities have tempted
local authorities to “rationalize” their employment structure, to
expand the industrial and other non-agricultural sectors but to
contract agricultural production. It is, however, doubtful whether
the law of comparative advantage would be an important refer-
ence for determining the employment structure at the national
level. Interestingly, in 1989, the East has the largest comparative
advantage in agricultural production, but on average its industrial
labour productivity is more than eight times that of agriculture.
Thus, disregarding the supply constraint of material inputs, the
objective of maximizing regional overall labour productivity
would result in further specialization in industrial production,
against the teaching of the law of comparative advantage. Finally,
it is found that the newly-emerging outward-oriented coastal
areas and those which specialize in producing processed indus-
trial products improve their overall labour productivity faster
than the traditional economic centres, especially the resource-
based provinces.

III. Disparities in Relative Productivity
Competitiveness

This section attempts to identify the sources of growth of average
labour productivity for every province, municipalities (DUCG)
and the three regions, namely, the East, the Middle and the West.
The modified “Shift-Share Model”" is employed to decompose
the realized improvement of overall labour productivity (based
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on the five sectors) into the constant share effect, the sectoral
structure effect and the relative competitiveness effect. The ulti-
mate objective is to calculate the relative competitiveness effect
(actual productivity growth relative to that attained by the aver-
age competitiveness of the whole nation) for the three regions to
see if there are significant differences in relative competitiveness
between the East, the Middle and the West during 1985-1989,
following the pursuit of the gradated regional development strat-
egy in favour of the East. To estimate real relative productivity
competitiveness, the impact of inter-sectoral labour reallocation
on overall labour productivity changes is isolated. The degree of
relative productivity competitiveness is then calculated as the
proportionate deviation of realized real labour productivity
changes (net of sectoral-structure change effects) from (the hypo-
thetical) productivity changes which would have been attained by
the average competitiveness of the nation. The hypothetical pro-
ductivity changes in average competitiveness of the nation refers
to changes that would have happened if each and every area
(within the region concerned) just achieves the national average
growth rate in each of the corresponding sectors within its juris-
diction over the given time period (for details concemning the
model, please refer to the Appendix).

As shown in Table 12, in the East, the sectoral structure effect
of the relatively highly industrialized old economic centres is
positive, implying that in 1985 they allocate disproportionately
large shares of labour to those sectors which have greater poten-
tial for productivity improvement. On the other hand, the sectoral
structure effect for the “new comers” (with lower degree of indus-
trialization in 1985) is negative. As a whole, the secloral structure
effect in the East is negative. Concerning gross competitiveness,
the old economic centres such as Beijing, Tianjin and Shanghai
experience some deterioration. The size of the negative competi-
tiveness effect is so large for Beijing and Tianjin that they cannot
uphold their relative position (in labour productivity competitive-
ness) of 1985 in 1989. As for Shanghai, the positive sectoral struc-
ture effect is large enough to offset the negative gross
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competitiveness effect so that it can still improve its relative posi-
tion (in labour productivity) in 1989. Nevertheless, Liaoning, an-
other traditional centre, is able to improve its relative
competitiveness. Concerning the “new comers,” Jiangsu,
Zhejiang, Fujian, Shandong and Guangdong, all achieve positive
relative gross competitiveness effect which is large enough to
offset the negative sectoral structure effect resulting in the im-
provement of their relative position in labour productivity. In
both absolute and relative magnitude (relative gross competitive-
ness effect as a proportion of the hypothetical increase in labour
productivity at national average competitiveness), Guangdong
experiences the greatest improvement, followed by Shandong.
Nevertheless, it is encouraging to find that the relative gross com-
petitiveness of Hebei and Guangxi, two backward provinces, im-
proves, although they cannot uphold their relative position of
1985 in 1989 due to the relatively large negative sectoral structure
effect.

Table 12 Analysis of sources of labour productivity growth on
provincial and regional bases, 1985-1989

cs 58 RC Yn  RGPC
Beijing 670.8237 21.0402 -1462928 5455710 -02114
Tianjin 672.4283 67.6968 -143.6501 5964750 -0.1904
Hebei 248.5138 -36.7666 18.2058  229.9953  0.0860
Liaoning 4495267 42.4542 334511 5254320 0.0680
Shanghai 1305.0601 2554259 -28.6920 1531.7940 -0.0184
Jiangsu 3280259 -9.8696 1442108 4263760 04533
Zhejiang 217.8660 -25.7991 1253371 3714040 05094
Fujian 248.0973 -49.8245 1663321  364.6050 0.8389
Shandong 245.1385 -48.5019 2132774 4099140  1.0846
Guangdong 2820308 -47.0985 2569352 4910575  1.0974
Guangxi 135.4767 -40.0723 50967 1005010 0.0534
East'!! 332.8684 -14.7977 843634 4024340 0.2652
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Table 12 (Continued)

Shanxi 265.5213 -229561 -131.1308 111.4344 .0.5406
Inner Mongolia ~ 242.8260 -75.7503  25.2577 1923334 0.1512
Jilin 1224350 -39.5448 -142.5487 1403315  0.5039
Heilongjiang 411.4145 -26.0780 23.2495  408.5860  0.0603
Anhui 193.5580 -51.8400  -3,5520 1381660 -0.0251
Jiangxi 203.8489 -53.0973 722485 223.0000 0.4793
Henan 187.1063 -46.5429 37.6106 178.1740 0.2676
Hubei 2987483 -51.9495 -62.1303 1854230 -0.2510
Hunan 184,1247 -44.6436 -14.0837 1253974 -0.1010
Middle'" 2371701 -46.0996 -13.4664 177.6040 -D.0705
Sichuan 176.7094 -41.9639 -21.3845 1133610 -0.1587
Guizhou 137.6184 -353666 -354508  66.8010 -0.3467
Yunnan 1551539 -47.1226 933797 2014110 0.8644
Shaanxi 198.0472 -28.7155 260023 1953340 0.1536
Gansu 208.8570 -30.8085 138.5685 316.6170 0.7783
Qinghai 220.5476 -66.8195 23.8494  186.5770 0.1466
Ningxia 2458805 -65.3917 87.4153 267.9040 0.4843
Xinjiang 289.1571 -91.5538 2050797 4026830 1.0378
west'! 181.5812 -42.6249 22.2457 160.8130 0.1601

Sources: As Tor Table 1A,

Notes:  CS = constant share effect; 85 = sectoral structure effect; RC = relative
competitiveness effect; Yn = actual change in average labour produc-
livity in the pertinent province (region) in 1989 relative to 1983;
RGPrC = relative gross labour productivity competiliveness. For the
calculation of these effects, see the Appendix.

(1) Mid-value estimate chosen from different estimates based on vari-
ous calculations of employment figures in construction, transporta-
tion and communication, and domestic trade for Hainan in 1985,
Sce notes in Table 2. Nevertheless, the range of the estimates is
very small, less than | per cent,
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On the whole, relative gross competitiveness in the East im-
proves by RMB 84.3634 per labour and is sufficient to offset the
negative sectoral structure effect (RMB -14.7977 per labour) for the
region to improve its overall relative position in labour produc-
tivity. It amounts to 26.52 per cent of what the East should achieve
if it can just maintain the national average rate of (labour) pro-
ductivity improvement in all sectors and in all provinces. Such
rate of improvement is not very substantial and would, however,
become much smaller after the deduction of structural change
effect.

In the Middle, we find (on the threshold of 1985) that all
provinces have negative sectoral structure effect, giving rise to a
total of RMB -46.0996 per labour for the whole region. The overall
relative gross competitiveness effect is negative: RMB -13.4664 per
labour. As a result, in 1989, the realized average labour productiv-
ity in the Middle is RMB 59.566 lower than what it should attain if
it could keep up with the national average growth rate of labour
productivity, Deterioration of the Middle’s relative position is
mainly due to drastic decrease in competitiveness of three tradi-
tional industrial centres, Shanxi, Jilin and Hubei, with respective
losses of RMB -131.1308, -142.5487 and -62.1303 per labour equiv-
alent to 54.06 per cent, 50.39 per cent and 25.10 per cent of the
hypothetical increase. All other provinces except Hunan experi-
ence some improvement of relative gross competitiveness. How-
ever, the improvement is not substantial. In fact, only Jiangxi can
attain sufficient increase of relative competitiveness (RMB 72.2485
per labour equivalent to 47.93 per cent of the hypothetical in-
crease) to offset the negative sectoral structure effect so that it can
improve its relative position in 1989. Disappointingly, the relative
gross competitiveness of Hunan, the least prnductive provinee,
declines in 1989, Thus, the most important task for the Middle is to
rescue the three traditional industrial centres, Shanxi, Jilin and
Hubei, and halt the deterioration of their relative productivity
competitiveness.

In the West, on the whole, the sectoral structure effect is
negative (RMB -42.6249 per labour). Although the relative gross
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competitiveness effect is positive (RMB 22.2457 per labour), it is
still not large enough for the region to uphold its relative position
in 1989. Nevertheless, the improvement in relative gross competi-
tiveness in the West is quite astonishing. It implies that (on a
cross-sectional basis) the relationship between the growth rate
and the level of labour productivity in China follows a U-shaped
line, different from the two famous competing theories in devel-
opment literature — the inverted U-shaped hypothesis and the
polarization hypothesis. For China, both the relatively less-devel-
oped “new comers” and the relatively developed provinces grow
above the national average at the expense of the mid-level devel-
oping areas.

Analysis at the provincial level shows that all provinces in the
West have unfavourable sectoral structure effect (at the threshold
of 1985). In the Southwest, Sichuan and Guizhou, the most popu-
lous and the least productive provinces, experience a diminution
of relative gross competitiveness which reinforces the negative
sectoral structure effect and leads to the decline of their relative
position in 1989. Guizhou's deterioration is especially severe. Al-
though Yunnan does enjoy a quite substantial improvement in
relative productivity competitiveness (RMB 93.3797 per labour,
equivalent to 86.44 per cent of the hypothetical increase), its nega-
tive sectoral structure effect is quite large, however, while its
labour force is small relative to those of Sichuan and Guizhou
combined. The Southwest (among other geographical regions) is
one of the most stagnant regions during 1985-1989. The North-
west, however, shows a very different picture. All of the five
provinces experience a certain degree of improvement in relative
gross competitiveness. The positive competitiveness effect is large
enough for Gansu, Ningxia and particularly Xinjiang to improve
their relative (productivity) position in 1989, Nevertheless, as the
employment size of the Northwest is still small relative to the
Southwest, their combined gain is still insufficient to offset the
loss of relative competitiveness in the Southwest plus the negative
sectoral structure effect. Generally speaking, in 1985 the average
labour productivity in the Northwest is already higher than that
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of the Southwest provinces. Thus, inter-provincial productivity
disparity within the West widens further in 1989,

In short, on the threshold of 1985, all the three regions have
negative sectoral structure effect which happens to be positive
only in a few highly industrialized municipalities (DUCG) and
provinces. Thus, in addition to measures for improving produc-
tive efficiency, appropriate inter-sectoral reallocation of labour
(together with complementary inputs) should be pursued. In gen-
eral, the employment structure of the East is less unfavourable
compared with the Middle and the West. Concerning relative
gross productivity competitiveness, it is found that on average
both the most and the least productive regions experience some
improvement but the Middle suffers a loss. On a provincial basis,
the relative competitiveness of the most productive traditional
economic centres and the least productive province, Guizhou,
suffer deterioration. On the contrary, the most famous outward-
oriented provinces which are late comers to industrialization
show improvement.

The relative gross productivity competitiveness computed
above includes effects other than changes in productive efficiency.
In order to have a more accurate estimate of real changes in
productive efficiency, we attempt to isolate the impact of the intra-
regional-inter-sectoral labour reallocation effect on overall aver-
age labour productivity. However, the method adopted in this
chapter does not take into account the impact of changes in the
use of other factors of production such as capital and inter-sectoral
differences in capital productivity, owing to the lack of provincial
and sectoral data on capital stock. The impact thus isolated should
be the gross effect only." The resultant measure of relative pro-
ductivity competitiveness is better than the original gross produc-
tivity competitiveness for assessing changes of competitiveness in
the productive efficiency of labour input. Yet, it cannot completely
isolate the impact of labour reallocation as long as capital is essen-
tial and variable, and still includes the impact of factors other than
productive efficiency changes. Nevertheless, for comparison pur-
pose we may call it relative net (labour) productivity competitive-
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ness in contrast with the above relative gross (labour) productiv-
ity competitiveness.

Table 13 shows the relative net (labour) productivity competi-
tiveness. On a regional basis, if there were no change in employ-
ment structure in all provinces and municipalities (DUCG), the
average labour productivity of the East in 1989 would be lowered
by RMB 40.121 per labour, over 47 per cent of the original relative
gross competitiveness effect. The relative net competitiveness ef-
fect is then RMB 44.2424 per labour, equivalent to 13.905 per cent
of the hypothetical increase (should average gross competitive-
ness be maintained in all sectors for each and every province).
Thus, in the East intra-regional inter-sectoral structure changes in
employment account for about 12.614 per cent of the hypothetical
(gross productivity) increase. In the Middle, holding sectoral em-
ployment structure in all provinces constant would cut the rela-
tive gross productivity competitiveness of the region by RMB
13.4052 per labour, The resultant relative net productivity compet-
itiveness effect is RMB -26.8717 per labour, equivalent to -14.06
per cent of the hypothetical increase. Thus, the sectoral structure
change has contributed 7.016 per cent of the hypothetical increase
in the Middle. In the West, holding sectoral employment structure
constant would reduce overall average labour productivity of the
region by RMB 6.1384 per labour which is equivalent to 4.418 per
cent of the hypothetical increase. The resultant relative net pro-
ductivity competitiveness is RMB 16.1073 per labour, equivalent
to 11.59 per cent of the hypothetical increase. In short, changes in
sectoral employment structure in 1989 relative to 1985 do contrib-
ute to some increase in the average labour productivity in the
three regions. The greatest contribution (both absolutely and rela-
tively) occurs in the East followed by the Middle and the West.
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Table 13  Relative net labour productivity competitiveness for
provinces and regions, 1985-1989

AYpe RCa RNPIC

Beijing 611.0334 -80.8304 -0.1168
Tianjin 601.3081 -138.8170 -0.1876
Hebei 155.2047 -56,5425 -0.2670
Lisoning 527.7781 -35.7972 0.0728
Shanghai 1276.8302 -283.6558 -0.1818
Jiangsu 4454894 127.3242 0.4002
Zhejiang 365.9212 1198543 0.4871
Fujian 320.1124 121.8395 0.6145
Shandong 2915919 94,9554 0.4829
Guangdong 294.3816- 60.2593- 0.2574-
324,3829 90.2606 0.3855

Guangxi 62.5390 -32.8654 -(,3445
East'" 362.3130 44.2424 0.1391
Shanxi 102.3093 -140,2560 40,5782
Inner Mongolia 163.7650 -3.4880 -0.0209
Jilin 211.6955 -71.1946 -0.2517
Heilongjiang 381.8002 -3.5363 -(.00492
Anhui 119.4584 -22.2605 -0.1571
Jiangxi 2358482 85.0966 0.5645
Henan 121.8275 -18.7359 -0.1333
Hubei 197.2206 -50,3327 -0.2033
Hunan 99.3311 -40,1501 -0.2879
Middie!" 164.1988 -26.8717 -0.1406
Sichuan 90.1496 -44,5959 -0.3310
Guizhou 50.9258 -51.3260 -0.5020
Yunnan 216.3744 108.3430 1.0029
Shaanxi 228.1002 58,7685 0.3471
Gansu 305.6213 127.5728 0.7165
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Table 13 (Continued)

Qinghai 189.4508 26.7330 0.1643
Ningxia 212.9794 32.4907 0.1800
Xinjiang 351.5963 153.9930 0.7793
West!!? 155.0636 16.1073 0.1159

Sources: As for Table 1 A.

Notes:  AYpr= change in overall average labour productivity due to improve-
ment in productive efficiency only, keeping sectoral employment
structure unchanged. For province k in region j,
A¥prn= Z I‘wl ﬂ-vw.ru H
i
for region j,
A¥Prsn=T ¥ lije AYikjesn -
ki

For definition of variables and more detailed discussion see Note 11,

RCp = relative competitiveness effect net of employment structural
change effect

=RC - (AYn - AYp)

RNPrC = relative net labour productivity competitiveness; for compu-
tation method, see¢ the Appendix.

(1) See Table 12.

On a provincial basis, we discover that for 10 out of 28 prov-
inces and municipalities (DUCG), Beijing, Tianjin, Liaoning,
Jiangsu, Jilin, Hubei, Jiangxi, Yunnan, Qinghai and Shaanxi,
changes in employment structure per se lead to some decreases of
average labour productivity; the losses of Jilin and Beijing are
substantial. Shanghai, Guangdong, Shandong and Hebei, how-
ever, gain substantially from changes in the employment struc-
ture which raise their respective average labour productivity by
RMB 255, 167-197, 118.3 and 74.79. In general, those provinces
which experience rapid growth of labour productivity (for in-
stance those famous outward-oriented coastal provinces) do expe-
rience growth-conducive changes in employment structure. On
the contrary, with the exception of Shanghai, the traditional eco-
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nomic centres cannot gain much, or even lose, from changes in the
employment structure. On the whole, after deducting the struc-
tural change effects, the advantage of the East (particularly of the
outward-oriented provinces) in labour productivity improvement
over the interior regions is reduced. In fact, measured relatively in
relation to a hypothetical growth, the relative net productivity
competitiveness in the West turns out to be close to that in the
East. As a matter of fact, in the West, the relative net competitive-
ness effect accounts for 10.02 per cent of its actual increase in
average labour productivity, almost at par with that attained in
the East (10.99 per cent).

Certainly, the relative net productivity competitiveness mea-
sures based on the five sectors may in fact reflect intra-sectoral
labour reallocation effect rather than real changes in productive
efficiency. Indeed, by decomposing the industrial sector into five
sub-sectors: extraction industry, raw materials industry, heavy
manufacturing (processing) industry, light industries using raw
materials from agriculture, and light industries using raw materi-
als from non-agricultural products, we discover that the output
share in the East is biased towards light industrial production
especially the one manufacturing from raw materials from non-
agricultural products, while those of the Middle and the West are
biased towards heavy industrial production. The Middle is biased
towards extraction industries and raw material industries, partic-
ularly the former. The West is biased towards all the three sub-sec-
tors of heavy industry. By applying the modified “Shift-Share
Model” to identify the sources of industrial growth, we find that
the gross industrial output in the East grows faster than the na-
tional average rate in 1989 over 1985 by RMB 21.17 billion which
can be decomposed into the sectoral structure effect (RMB 8.136
billion) and the competitiveness effect (RMB 13.037 billion). The
sectoral structure effect accounts for nearly 40 per cent of the
above-average growth of output. As for the Middle, in 1989 (com-
pared with 1985), the gross industrial output is RMB 10.7119 bil-
lion below the hypothetical level (attained with the national
average industrial growth rate) of which 58.625 per cent is attrib-
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utable to the negative sectoral structure effect. Concerning the
Waest, the realized industrial output in 1989 is RMB 10.123 billion
lower than the hypothetical level, of which the negative competi-
tiveness effect accounts for 18.35 per cent. Since the growth rate of
labour productivity in China always correlates with the output
growth rate, so changes in relative labour productivity competi-
tiveness in the industrial sector (especially in the Middle) should
be partially attributable to shift in the employment structure
within the industrial sector. Unfortunately, because of data inade-
quacy we cannot proceed with the analysis at a higher level of
sectoral disaggregation.

IV. Concluding Remarks

Judging from the experience of 1985-1989, the three-tier gradated
regional development strategy (if effectively implemented) re-
sulted in larger inter-regional disparities in per capita national
income and overall average labour productivity. The income and
productivity gaps between the East (the relatively more produc-
tive region), the Middle and the West (at the threshold of 1985)
widened. By applying the modified “Shift-Share Model” to iden-
tify various sources of productivity growth and by isolating the
impact of employment structural change on overall productivity
changes, we find that the gradated regional development strategy
did result in a higher relative net labour productivity competitive-
ness in the East which, however, exceeded the West only moder-
ately in 1989, much out of intuition.

For spatial maximization of static resource allocative efficien-
cy, relatively more resources should be allotted to those relatively
more productive regions as increasing returns prevail. Such prac-
tice should definitely enlarge inter-regicnal income and produc-
tivity disparities. On the other hand, if more resources are
allocated to the relatively less productive “new comers,” at leastin
the short run inter-regional income disparity will be narrowed but
at the expense of resource allocative efficiency. The present di-
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lemma faced by the Chinese authority is that, with the autonomy
previously bestowed by the central government, in the name of
the acceleration of reform and the pursuit of an open door policy,
the local authorities do possess considerable capability to counter-
act state policies deemed unfavourable to them. The authorities of
the under-privileged areas (according to the gradated regional
development strategy) have tried by all means to violate the strat-
egy in order to maintain their relative competitiveness. As a mat-
ter of fact, even if the gradated development strategy were
followed by the under-privileged regions in the early stage —
without a fair, nation-wide income redistribution mechanism ef-
fectively controlled by the state, to relieve the financial problems
of the under-privileged regions — continual widening productiv-
ity and income disparities would push the under-privileged re-
gions to press the state for special treatment comparable to the
privileged regions. Under intense political pressure, the state
would make concession. Once one of the regions succeeded, oth-
ers would follow immediately. How can the gradated regional
development strategy be effectively implemented if such “keep-
ing up with the Joneses’ effect” prevails? Furthermore, in the face
of huge intra-regional-inter-sectoral disparities in productivity,
given the existing price and profit structures which are biased in
favour of the more productive industrial sector especially light
industries, how can we expect that the local authorities would
contract the output of the relatively productive product, (in which
they have a comparative disadvantage) and increase the output
level of less productive products (in which they have a compara-
tive advantage)? Thus, most likely the so-called rational kernel of
the gradated regional development strategy — the law of compar-
ative advantage — will not work without government interven-
tion or drastic and comprehensive changes in the existing
inter-sectoral profit structure.

In fact, before nation-wide undistorted markets can be estab-
lished and function efficiently for an effective pursuit of the gra-
dated regional development strategy, it is essential for the central
government to control and operate a nation-wide income redistri-
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bution mechanism effectively so as to contain the unfavourable
impact of cumulative causation effect on under-privileged areas,
otherwise the “Joneses’ effect,” competing for preferential treat-
ment will spread so much that the gradated development strategy
cannot last long. Besides, measures should be adopted to
strengthen the linkage and multiplier effects generated by the
growth poles so as to enhance the spread or trickle-down effect on
the less developed regions for shortening the painful period of
growing regional disparities, which certainly demands substan-
tial improvement in transportation and communication facilities
as well as in material supplies conditions. Finally, as long as huge
inter-sectoral disparities in productivity exist, regional discrimi-
natory (inter-sectoral neutral) policies per se cannot function ef-
fectively to rectify sectoral disproportion problems. Regional-
cum-sectoral discriminatory policies (on a comparative advantage
basis) are theoretically the best policies which, nevertheless, pre-
suppose a great capability on the part of the state to control and
reallocate resources effectively and rationally.

MNotes

1. See for instance, Nijkamp (1984), especially pp. 270-277.

For a detailed discussion of the impact of Maoist thought and
the war preparation campaign in response to the Vietnam
war, see for instance, Hsueh and Woo (1986).

3. For instance, the percentage shares of gross industrial output
contributed by the East, the Middle and the West in 1952 were
68.3 per cent, 27.4 per cent and 4.3 per cent respectively,
changing to 59.2 per cent, 32.6 per cent and 8.1 per cent respec-
tively in 1978. During the same period of time, the share of
original value of industrial fixed assets changed from 72 per
cent in the East and 28 per cent in the Middle and the West
combined to 43.9 per cent and 56.1 per cent respectively. See
Hsueh and Woo (1991), Table 17A, pp. 58-59. For a discussion
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on changes in income disparities, please refer to the first part
of Section I

4. For example, during 1963-1982, the output-investment ratio
within the Third-Front regions was RMB 0.256 lower than the
coastal areas by a factor of 2.8. See Liu (1984), p. 27.

5. “Geographical Distribution and Policy for Regional Economic

Development,” an excerpt of the Seventh Five-Year Plan of
The People’s Republic of China for Economic and Social De-
velopment reprinted in Beijing Review, Vol. 29, No. 17,28 April
1986, “Documents,” pp. XI-XIL

6. The weighted coefficient of variation of per capita value (Xi)
for the jth region:

% T3 (i~ X lig,
Xi A

where X; is the mean value of all Xj's for all j's;

Xikj is the value of X; for unit k in region j;

likj is the proportion of the population or employment
level related to X; of unit k in region j against the overall
population or employment level = Liy/} 3 Likj

jk

where Likj is the total size of population or employment re-
lated to X of unit k in region

Ri=33 Xl
1

7. The weighted inter-provincial variance can be decomposed
into intra-regional and inter-regional variances in the follow-
ing way:

Vr=% [x:]:"?flz Tk
k

=¥ ¥ [(Xik - Xy + Xij - X lig
ik
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=¥ ¥ (Xi— Xi)? lug + 3. (XKij - X% b
ik i
+3 ¥ (Xix - Xip) (Xij - Xi) lij
ik

where k is province, j is region; k=1, 2.....28;j=1, 2, 3. VTis total
inter-provincial variance; lij is the proportion of the popula-
tion or employment level in region j related to X; against the
overall population or employment level

2 Likj
__k s
YT L' " XYLy
jk j ok

For a definition of other variables, see Note 6.

The first term to the right of VT is the intra-regional variance;
the second term is the inter-regional variance, and the third is
the cross term which is equal to zero if the first and second
terms are not correlated.

If unweighed coefficient of variation is used as the measure of
disparities, some different results arise. For instance, inter-
provincial disparity in average labour productivity for all five
sectors combined of the whole nation in 1989 did increase
from 0.734 in 1985 to 0.748 although disparity in the East fell.
Note that in general, the unweighed mean value and coeffi-
cient of variation in labour productivity are larger than the
weighted counterparts except the mean value for industrial
labour productivity in the Middle and for the whole nation.
Such discrepancies are attributable to the allotment of a dis-
proportionally large share of labour to the relatively less pro-
ductive areas or (and) sectors. Similarly, given the unweighed
mean and coefficient of variation, the weighted mean will rise
and the weighted coefficient of variation will decline if the
share of labour allotted to areas of below-average productiv-
ity is reduced. However, expanding the employment share of
most productive areas will boost both the weighted mean and
variation of coefficient. Nevertheless, the authors believe the
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10.

11.

weighted coefficient of variation is a better indicator to reveal
variation of average labour productivity because it takes into
account differences in labour share. Thus, analysis of labour
productivity disparities in this chapter is primarily based on
the weighted coefficient of variation.
The result is calculated as follows:

3 Yiw (lin = liw)

I
rW'h = z Yjw Irw x lﬂﬂ%

¥

where "Wh is the hypothetical proportionate increase in over-
all average labour productivity in the West if the West could
adopt the average employment structure of the whole nation;
Yiw is the realized average labour productivity of sector i in
the West; i=1, 2....5; liw is the employment share of i (against
total employment in the West); lin is the employment share of
i for the whole nation.
For application of the "Shift-Share Model” see for instance,
Paraskevopoulos (1974).
The method adopted is to decompose the realized change in
average labour productivity into pure productivity change
effect, employment structural change effect and the cross term

AYjtn=3 ¥ likjt A Yikjeon + L E Yikt A likjten
k i k 1
+3 T A Yikjten A likitsn
k i

where 4 Yjun is the change in overall average labour produc-
tivity in region j in year t+n against that in year t; A Yikjten is
the change in average labour productivity in sector i of prov-
ince k in region j in year t+n; A likjt+n is the change in employ-
ment share in sector i of province k in region j in year t+n.
The first term to the right of the equality sign is the produc-
tivity change effect, the second term is the employment struc-
tural change effect, while the third is the cross effect. The total
impact due to employment structural change is
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=AYjten = X ¥ lijt A Yikjtan -
ki

For a critique of this method and a discussion of a possible
way to improve on it by incorporating the capital element, see
for instance, Syrquin (1986).
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Appendix

The mathematical representation of the modified “Shift-Share
Model” is as follows:

A. For province k
(1) Constant Share effect:
CSk=Y%r Yit - lics

where CSy is the constant share effect for province k, r is the
proportionate growth of national average labour productivity
between the two given periods computed by

Yten
Yt

(where Yt, Yiin is the national average labour productivity of
all sectors in years t and t+n respectively); Yik is average
labour productivity of sector i for province k in year t; like is
the employment share of i for province k in year t.

{2) Sectoral Structure effect:
SSc=Yri-Yimlig-Yr- Y-l

-1

where SSk is the sectoral structure effect for k; ri is the propor-
tionate growth of the national average labour productivity of
sector L

(3) Relative Competitiveness effect:
RCk=Ykten— Yoo — X 7i - Yiir - like

I
where Y is the average labour productivity for all sectors
combined in province k in year t = ¥ Yike - likys
i
Ykt+n is realized average labour productivity for all sectors
combined in province k in year t+n = ¥ Yiktsn - likten.
i
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For region

Constant Share effect:

CSj=3, r¥iit- lit=Y% 3 - Yikjt + likje
k f 3 |

where Yiit is the average labour productivity for all sectors
combined of province k in region j in year t; lijt is the employ-
ment share of province k in region j in year t; Yikjt is the
average labour productivity of sector i in province k of region
j in year t; likjt is the employment share of sector i in province
k of region j (against the total employment level of region j) in
year t.

Sectoral Structure effect;
S5i=%ri-Yijp L= 3 r- Yikje - Likjs
i ki

where rj is the proportionate growth of national average lab-
our productivity of sector i; Yijj; is the average labour produc-
tivity of sector i in region j in year t; lj is the employment
share of i in j in year t.

Relative Competitiveness effect:

RCj=Yjtn—Yjt— T T ri- Yikit - likjt
kK i

where RCj is the relative competitiveness effect il region j.
Yjten, Yijt is the average labour productivity for all sectors
combined in region j in years t+n and t respectively.

The relative gross labour productivity competitiveness in j

_ RG;j
C X Xri- Y ligt|
ki

The relative net labour productivity competitiveness in j
_ RC}'H

> % i Yk - liie

k:d
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where RCjn is RCj net of the impact of employment structure
change on overall average labour productivity

RCjn =RCj = (Yjten — Yjt = T T likjt AYikjten)
ko

=¥ ¥ liit AYikjtan — X X i - Yikje + likgt
[ ki

where AYikjt+n is the change of average labour productivity in
sector i of province k in region j in year t+n against that in year
t.



The Impact of Reform on China’s
State Industry
A Regional Perspective

Kai-yuen Tsui
Thomas Rawski
Tien-tung Hsueh

I. Introduction

China’s partial and somewhat hesitant approach to the transition
from central planning toward a more market-oriented system pro-
vokes widely differing reactions. Disagreement is particularly
sharp with regard to the impact of reform policy on industry, the
sector universally recognized as the most difficult to reshape.
Some observers (e.g., Stepanek 1991; Prybyla 1990; Putterman
1992} insist that little has changed, especially in large-scale firms
within the state sector. Prybyla, for example, believes that
“China’s experience with partial economic changes and halfway
reforms since 1979, culminating in the Tiananmen massacre and
systemic recidivism, is an object lesson in the futility of taking the
capitalist road without going all the way to advanced democratic
capitalism” (1990:187); he reports that “the great majority” of Chi-
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nese economists whom he encountered during 1987-1988 shared
his view on the “futility” of gradualism (1990:194).

This critical view is challenged by a number of studies (e.g.,
Chen, Jefferson and Singh 1992; Jefferson, Rawski and Zheng
1992a, 1992b; Rawski 1994) that cite gains in productivity and
efficiency as well as quantitative evidence of accelerated inno-
vation and effective profit-linked incentives to support the view
that reform initiatives, although partial and incomplete, have
brought substantial and beneficial improvements in the perform-
ance of Chinese industry. This perspective coincides with the
picture emerging from a variety of World Bank reports (e.g.,
World Bank 1990) that portrays China’s economy as one in which
market forces are gradually gaining momentum, leading to the
expectation that they may well overpower the remnants of central
control over prices and allocation within a relatively short period.

One objective of this chapter is to discover what light an
investigation of regional behaviour patterns can shed on this con-
tentious matter. Our focus on state-owned industry penetrates to
the heart of recent debates. If information on cross-provincial
behaviour patterns in state industry reflects substantial impact of
market-like forces, it will be difficult for critics of China's reform
to insist that little has changed. Results showing no substantive
impact of market forces will raise difficult questions for those who
argue that reform has altered behaviour patterns throughout the
economy.

There are many other reasons for exploring the regional di-
mensions of China’s reform experiment. China is a huge nation
with an enormous industrial sector. China’s industrial work force
is larger than the total industrial employment of all other third-
world nations combined. Industrial employment, capital stock,
and output in most of China’s provinces exceed the comparable
averages for third-world nations.

Like many large nations, China has a long history of spatial
inequality. The People’s Republic, established in 1949, inherited
an economy in which industrial activity was overwhelmingly
concentrated around Shanghai and in the three northeastern prov-
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inces of Liaoning, Jilin, and Heilongjiang. It is widely believed that
subsequent efforts to redistribute industrial capacity, motivated
by security considerations, regional ambitions, and a desire to
eradicate what was seen as a legacy of semi-colonial development,
burdened the economy with vast amounts of under-utilized and
even useless industrial capital in interior regions (Naughton
1991). This perception draws support from numerous cost and
productivity comparisons showing that industrial producers in
Shanghai and other coastal regions typically achieved lower unit
costs and higher productivity levels (e.g., bicycles or sewing ma-
chines produced per man-year or per square meter of factory
space) than comparable plants in the interior, even without ad-
justing for the typically superior quality of products from coastal
regions. What were the dimensions of inter-provincial productiv-
ity variation in Chinese industry prior to the start of economic
reform? How does the order of magnitude of regional productiv-
ity differentials in Chinese industry compare with similar figures
for other large nations?

[id reform expand inter-regional differentials in industrial
productivity? The new policies of the reform decade have acted
with particular force on coastal areas, particularly in the south-
east, which have recorded unprecedented growth of industrial
output, personal income, and manufactured exports. There is a
widespread perception that the reforms have disproportionately
benefited regions that already enjoyed relatively high living stan-
dards and development opportunities through a combination of
historical legacy and official policy prior to the start of reform.

The topic of regional industrial development thus offers an
opportunity to investigate a sequence of significant and contro-
versial issues. Do we find large performance gaps between de-
veloped coastal provinces and lagging interior regions prior to
reform? Is the reform period associated with a widening of inter-
regional gaps in industrial productivity? Is there evidence of a
substantial role for market forces under the semi-planned
economic regime of the 1980s?
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To approach these issues, we have used a recently published
compilation of retrospective provincial statistics (State Statistical
Bureau 1990), supplemented by provincial statistical publications,
to construct a data set that covers state-owned independent ac-
counting units in industry (mining, manufacturing, and utilities)
for the years 1978-1990 in 26 of China’s 30 provinces (Hebei and
Shandong are excluded because of data gaps; Tibet is omitted
because it has no significant industrial sector; the recently created
province of Hainan is also excluded).’ Independent accounting
units (excluding, for example, repair works attached to China's
railways) account for the bulk of industrial activity; the state sec-
tor is an important, but no longer dominant contributor to indus-
trial production — its share of aggregate industrial output
dropped from 80.7 per cent in 1978 (State Statistical Bureau 1985)
to slightly below 50 per cent in recent years (see Jefferson, Rawski
and Zheng 1992a). In compiling data from this source, we have
tried to eliminate the most serious inconsistencies between Chi-
nese statistical conventions and international statistical practice.
These procedures are summarized in Appendix 1 at the end of this
chapter.

The result of these manipulations is a data set that, while far
from perfect, offers a picture of regional industrial activity that is
internally consistent, reasonably congruent with standard ac-
counting procedures, and covers a substantial time period. Previ-
ous efforts to examine regional development trends (e.g., Lardy
1978) have of necessity relied on a far weaker statistical base.

The remainder of the chapter is structured as follows: in Sec-
tion I, we present models of regional production and describe the
results of statistical estimation of two such models. Section III
applies the statistical results to the questions posed in the intro-
duction. Section IV summarizes our findings. Two appendices are
attached to this chapter. Appendix 1 describes how the data are
compiled. Appendix 2 provides a list of abbreviations for the
provinces which are consistently used throughout this chapter.
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I1. Estimation Methods and Data

Functional Specifications

The production-function approach is adopted to estimate the ab-
solute and relative efficiencies of the industrial sectors across
provinces over time. A production function is first postulated for
each province:

Wu= Ay (E, Eﬂf‘[Eﬂ}- (1)
The subscripts i and t denote the ith province and period t respec-
tively; yi is the gross value of industrial output (GVIO) of the ith
province in year t; %; = (X, ..., Xea) is a vector of P inputs. Follow-
ing Jefferson et al. (1992a), the vector of input x; consists of capital
(Kit), labour (Li) and intermediate inputs (M. All the variables
are evaluated at constant 1980 prices.

Ailt, z+) may be regarded as the absolute efficiency of the ith
province. Loosely speaking, if f(x) is regarded as a composite
index of inputs, then A;(t, z) is the output per unit of composite
input. The term t represents time and z is a vector of explanatory
variables affecting efficiencies. The provinces may then be ranked
according to their levels of efficiency. The method suggested by
Schmidt and Sickle (1984) is adopted here. For each year, the
relative efficiency index for the ith province is defined as

E="%, A" =max, (A) @

A
where A, is the absolute efficiency level of the ith province, E is
equal to 1 if the ith province has the maximum efficiency. Other-
wise, E; is less than 1. Relatively to other provinces, the smaller the
value of E; is, the less efficient is a province.

To render equation (1) amenable to statistical estimation, the
functional forms of A;(.) and f(.) have to be specified and a random
disturbance term v; appended to the regression equation. Our
modelling strategy is to first postulate a translog production func-
tion and then test whether log-linearity and constant returns to
scale hold.? Ai(.) and f(.) assume the following forms:
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ll‘lf[zsr}=£ PBis I, "‘% EP'. EP: B Intng I, ()

k=1 k=l k=1

A (L, 2¢) = exp (0o + ot +2; 8) (4)

Pui, Brwi, O, 0 are parameters; § is a vector of coefficients associ-
ated with the vector 2, Taking the natural logarithm of equation
(1) results in the regression equation to be estimated. If Pra =0, b,
k=1, 2, 3, then the production function is log-linear. Furthermore,
constant returns to scale imply that Z, P = 1. Thus the translog
specification allows us to test the two hypotheses above using F
tests. If constant returns to scale are not rejected, then the func-
tional form will be Cobb-Douglas.

The specification of the efficiency term in equation (4) re-
quires an explanation. The parameter ¢ may be viewed as the
time-invariant effect of some inherent quality of a province on
efficiency. It is a conventional practice in the estimation of produc-
tion functions to assume that the term A, is a function of time and
is identified loosely as technological change. Our specification of
A,; assumes that the “rate of technological change” varies across
provinces, i.e., oy varies across provinces. Besides the time-invari-
ant and time-varying terms discussed above, other specific factors
which may affect efficiencies in the Chinese context are also incor-
porated into A;.” In this connection, the urban reforms since 1984
may also have had some impact on efficiency. To capture the
effects of this regime switching, the provinces are classified into
three groups — coastal, central and western provinces. Three
dummy variables — RDC, RDI and RDW — are then introduced
to capture the effects of urban reforms. In principle, one may
assign dummy variables to the provinces. However, this will dras-
tically reduce the degree of freedom. In any case, the above speci-
fication seems to fit our data nicely.

For each province, there are data for only 13 years (from 1978
to 1990). The small degree of freedom renders separate regression
for each province inaccurate. If the cross-section and time-series
data of the provinces are pooled together, then the degree of
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freedom may be increased considerably. In the final analysis,
whether one should go ahead with pooling depends on the stabil-
ity of the coefficients across provinces. Data limitations however
compel us to assume that the coefficients corresponding to the
factor inputs are stable across provinces. In terms of equation (3),
Pui = Py for all i and j, and [ = By, for all i and j.

Fixed-effects (FE) and random-effects (RE) models are applied
to our data set.! In the FE model, the intercept terms oy are
assumed to be fixed and different. Essentially, the FE model is a
linear regression model with dummy variables assigned to all the
provinces, In FE model, z.: = (RDC, RDI, RDW).

The RE model assumes that o is random. Thus, the model
may be estimated using the generalized least square estimation
method. We have experimented with two different RE models.
The first one (RE1) includes exactly the same variables as those in
the FE model stated above. The only difference is the assumption
on o In the second model (RE2), three dummy variables for the
three municipalities, i.e., Beijing (DB]), Tianjin (DT]) and Shanghai
(DSH) are included so that z; is equal to (RDC, RDI, RDW, DBJ,
DT]J, DSH). In other words, the three municipalities are assumed
to have both fixed and random effects on efficiencies to take into
account the fact that the three cities are fundamentally different
from the other provinces. It turns out that the estimated results of
the first RE model are not as good as the second one. Thus, we
only report the estimates of the second model. Finally, to recover
the intercepts of individual provinces (i.e., tiy in the RE model, the
following formula proposed by Schmidt and Sickle (1984) is
adopted:

MRS, O Jesmm—
Ooi =223 (0o + €4)
TI-!
where o is the estimated intercept term for the ith province; os is

the estimated mean of the random variable oy; £ is the residual of
the regression analysis for the RE model.
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Data Issues

The provincial data for our empirical analysis are official statistics
in provincial statistical yearbooks and publications of the State
Statistical Bureau (SSB).” Only independent accounting enter-
prises in the state industrial sector for the period 1978-1990 are
included in our study. The rest of this section will give a brief
description of the data leaving the details to Appendix 1.

(A) Industrial Output

The provincial output is the GVIO at 1980 prices. Since the explan-
atory variables include material inputs, gross instead of net out-
put value is used as the dependent variable in the regression
analysis.

(B) Capital

Capital stock data are derived from the net value of fixed assets.”
Two major problems are encountered. Chinese capital stock fig-
ures are just the sum of historical net investments at current
prices. To arrive at the real capital stock, the net investment in
fixed assets is first derived by subitracting last years net value of
fixed assets from that of the current year. It is then deflated by a
price index for capital stock. Ideally, each province should have its
own price deflator. Instead, the national price deflator in Chen et
al. (1988a, 1988b) is applied to the investment figures of all the
provinces because of data limitations. The series in Chen et al.
{1988a, 1988b) has been extended from 1985 to 1990,

The second problem is that fixed assets of independent ac-
counting enterprises invariably include such service facilities as
staff quarters, schools, clinics and retail stores. Following Chen et
al. (1988a, 1988b), residential construction is deducted from fixed
assets.”

(C) Labour

The employment data are mid-year figures. Many employees in
state-run industrial enterprises are not directly involved in the
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production process e.g., medical workers in enterprise-run clinics,
clerks in retail stores, etc. No separate figures are available for
these types of workers. Following Chen et al. (1988b), the employ-
ment figures are multiplied by the share of non-residential to total
capital stock to make crude allowance for the deficiency of the
data.

(D) Material Inputs

As pointed out in Jefferson et al. (1992a), material inputs often
constrain industrial productivity in China. The inclusion of this
third input variable contributes to a more complete evaluation of
China’s industrial productivity. The value of material inputs is
derived by subtracting net output value (NVIO) and depreciation
(DEPR) from GVIO (see Appendix 1). Since data for the value of
depreciation are not available, they are derived using gross and
net fixed capital assets.” Comparing with the published data for
depreciation available for some years, our estimates of deprecia-
tion seem to have understated the value of depreciation. Until
better depreciation data are published, our estimates have to be
used.

Empirical Findings

The regression results for the FE and RE models are reported in
Table 1. We only report the results for the Cobb-Douglas cases
because the translog and log-linear specifications are rejected in
favour of the Cobb-Douglas production function.

On the whole, the regression results for the FE model are
reasonable. The estimated coefficients of the logarithm of capital-
labour (LNKLR) and material-labour (LNMLR) ratios have the
expected signs and are statistically significant. With regard to
RDC, RDI and RDW, i.e., the three dummy variables for regime
switching, the reforms introduced since 1984 have positive and
statistically significant effects on the three regions. The indepen-
dent variables ranging from T1 to T26 are the time trends for the
provinces; the abbreviation (in brackets) associated with each time
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trend variable in Table 1 is that of the province in question. Their
coefficients correspond to oy in the above discussion. Most of
these rates are statistically significant.

Table 1  Estimates from the random-effects and fixed-effects models

Random effects Fixed effccts

Estimates t-ratios Estimates 1-ratios
LNEKLR J58115 246932 (.86846 2.17598
LNMLR J109%0 33.51N 613254 21.9308
RDC 044002 4.13605 052067 487110
RDI 024977 210832 031148 2.60330
RDW 034899 284867 043172 3.47315
DBI 2RT585 6.03374
DTl 20265946 433400
DsH AT3135 T.A8610
TI1(B) - DO090RE - 319133 00160059 534265
T(TI) - 00267324 - B60829 L00600371 75908
T3SAX) - 00507084 -1.82693 - 00246503 - 821631
Ta(lM) 00453132 1.57888 010990 147893
T5(LN) - 00158910 - 363331 -00173380 - 571554
TiH{IL) 0934852 KN bl 014871 4,43536
TTHLD -.0063 1394 -2.15222 - 00780132 -2.35305
TE(SH) - ooal 341766 - (0967124 -2.52687
TYIS) 0521461 1.66184 DOTTEEE0 216200
TI0(ZT) R 5624 2.62251 01200 143507
T11{AH) O0354178 1.24042 00734604 2. 36085
T12(Fl}) 0938600 3.12437 014889 438996
TI13(JX) O0E08554 2.69030 016846 496287
Ti14{HEN) 00564095 1.95103 00966317 300758
TIS(HUB) 010542 158566 015862 514338
TI6(HUN) 00920917 3.21981 014222 460246
TITGD) 013694 37829 021028 50387
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Table 1 {Continued)

TIB(GX) 010601 3.43509 017962 5.19147
TI9(SC) 00658226  2.31506 013136 425315
T2(GZ) 016887 5.61614 025684 7.73135
T21(YN) 023130 7.42741 030725 8.93522
T22(SHX) 00535678  1.85974 011602 3.72182
T23(GS) -00172965  -631634 - 0004176 - 146626
T24(QH) 00543787 1.71636 011032 3.18700
T25(NX) -00250566  -.839318 00300103 925417
T26(XJ) 00557778 1.64419 00997253 247847
Intercept 346303 19.4433

Source: Regression results based on data described in Appendix 1.

The results for the RE model (RE2) are also meaningful and
the estimates have the right signs. Three dummies for Beijing,
Tianjin and Shanghai (DB], DT] and DSH) are included to capture
any fixed effects of the three cities on top of their random effects.
The three municipalities are shown to have fixed and positive
effects on efficiencies.

Which of the two models should be chosen? Both of them
have nice statistical results. The Hausman specification test sug-
gests that the error term of the FE model may not be orthogonal to
the regressors. However, as pointed out above, the corresponding
RE model, i.e., RE1 (not reported in this chapter), is less satisfac-
tory than RE2 reported in Table 1. Since it is difficult to choose
between these two models, two sets of figures on relative efficien-
cies are presented based on the two models.

I11. Interpretation of Production Function Analysis

What can the production-function analysis described in the previ-
ous section contribute to our understanding of the important and
often controversial issues raised in the introduction? Although the
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estimation results suggest that the specifications underlying our
calculations fit rather well with the realities of Chinese industry,
the inevitable weaknesses of data, arbitrariness of adjustments,
and our own inability to distinguish clearly between alternative
models incorporating “fixed effects” and “random effects” in the
specification of efficiency change should warn us to confine our
attention to patterns that emerge clearly from our results.

The first question concerns efficiency trends during the re-
form period. Here, our results reported in Tables 4A and 5A show
a marked trend for the absolute level of industrial efficiency to
increase over time. The estimated growth rates of provincial in-
dustrial productivity tend to be larger under the fixed-effects
model than with the random effects specification. In either model,
however, on average, a specific combination of fixed assets, lab-
our, and materials generated more real output near the end of our
period than at the beginning. If we compare the initial and termi-
nal years, 1978 and 1990, we find that absolute efficiencies in-
creased for all but two (fixed effects) or three (random effects)
provinces, The finding of rising efficiency parallels the conclu-
sions of other studies that have used aggregate and municipal
data to investigate productivity trends in state industry (Chen et
al. 1988b; Jefferson, Rawski and Zheng 1992a).

What of the contribution of rising efficiency to output
growth? Under constant returns to scale, a specification that
seems to fit the present data set, output growth can easily be
decomposed into components associated with changes in the
quantity of each factor of production, in this case, labour, fixed
assets, and materials. For the Cobb-Douglas production function,
the contribution of each factor is equal to the output elasticity of
the factor multiplied by the growth rate of that factor. Instead of
following the residual approach, the contribution of efficiency is
set equal to the growth rate of the term A(t, z) which represents
absolute efficiency. The results of such decomposition appear in
Tables 2 and 3. Simple averages of the contributions over the
entire period 1978-1990 are computed. Although the generally
lower rates of efficiency growth under the random effects specifi-
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cation lead to lower contributions (including some negative ele-
ments) to output growth, the two calculations produce broadly
similar results. In general, increased input of materials into the
production process constitutes the chief impetus to higher output.
The contribution of efficiency growth is typically small. Both the
small contribution of efficiency change and the dominant role of
increased materials consumption coincide with results obtained in
other studies of state industry during the 1980s (Jefferson, Rawski
and Zheng 1992a).

Though not reported in Tables 2 and 3, the year 1983/1984
constitutes a significant exception to this pattern. The urban re-
forms introduced during 1984 offered industrial units unprece-
dented opportunities to purchase a portion of their inputs and sell
some of their outputs in markets with relatively uncontrolled
prices. Because we anticipate that these changes may have sub-
stantially affected the behaviour of industrial enterprises, we in-
troduce a dummy variable intended to capture the impact of any
“regime change” associated with these policy initiatives. The “re-
gime change” variables turn out to exercise an important influ-
ence in our estimation. Owing to our specification of regime
change as a one-shot jump in efficiency in 1984, efficiency changes
for that year were strikingly larger than in earlier or later years;
their contribution to output growth matched or even surpassed
the individual contribution of any factor of production. An appro-
priate interpretation of the jump is that the 1984 reforms elicited
significant changes in enterprise behaviour patterns, although
their effects need not have been confined to 1983/1984 (as is
assumed in our estimation procedure),
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Table2  Sources of growth: fixed-effects model Table3 Sources of growih: randon-edfects model

pres o - ~ GK GM GL GA

Bl 0000507 0045173 0008747  0.0059% B 0000985  ONSDAY Q0GRS 00028
oy 0006565 0045614  0.00452 0.004939 4 0043898 QOZ06  “O.NB4R 0:000994
SAX 0005864 0049775 0012443 0.000131 i i A o o

M 0.006 0055966 0009352  0.013586 i Qd0DEE:  DOeIG: G0 06
LN 0.005667 0.045851 0.00887 0.002605 Ly 0037548 e v 0.003074
i 0.006719 0.059969 0.007627 0.017467 s il G e a0n

HLJ 0.007437 0053373 0008183  -0.00521 HLl ! g O00GIN: 00042

SH 0.007068 0031521 0.00271 -0.00533 H adh Sican 0.002087 THR0739

= ik S kead Ghdont bR 1S 0.060741 0.074536 0.007476 0.008881
73 0.008699 0.068987 0.01134 0.016349 z Q058 0.080016 0.005731 0.011523
AH 0.007472 0.059667 0.010129 0.011685 AH it 0069206 0.007799 0007209
F 0.007431 0.062956 0.008256 0.019228 ki RO 0730z 6337 =0
X 0,005932 0.068125 0.008342 0.019442 X 030614 EUyI0 0.006424 0.010167
HEN 0.006881 0.056262 0.009428 0.012259 HEN Q049 0:065237 0.00725 ol
o Goa a5y ittbics o ibies HUB 0.045676 0.084192 0.009371 0.012624
HUN 0.005583 0.054641 0.007998 0016818 HUN 0037282 BTG 0.006L39 0.011231
GD 0.008701 0.079432 0.007123 0.025367 GD Q038104 0.092131 0.005485 0.017361
= casing S andiing RIATS GX 0.03957 0.069929 0.003028 0.014268
sC 0.004153 0.058367 0.00733 0.016734 SC W8l 0.067698 0.005644 0.009451
i Cnsiies i G s Gz 0.027135 0.06756 0.003624 0.019795
YN 0.005056 0.056575 0.003395 0.034322 YN 0039765 04535619 0.002614 0.026038
ity i SRl s g SHX 0.032892 0.068552 0.005932 0.008265
= it S Bois &by binaia GS 0.02487 0.052844 0.00602 0.001179
i i G S, o il oH 0.05594 0.076995 0.006034 0.008346
i - ez i ¢ aicstis NX 0.03506 0075157 0.006518 0.000403
XJ 0.009533 0075042 0.009859 0.01357 X1 0063662 seldaid 0.007592 0.008436

Source:  Authors” computation results,

MNotes:  GK = contribution to growth due to capital,
GL = contribution to growth due to labour.
GM = contribution to growth due to material inputs.
GA = contribution to growth due to higher efficiency.

Source:  Authors’ compulation resulls.

Notes:  GK = contribution to growth due Lo capital.
GL = contribution to growth due to labour,
GM = contribution to growth due to material inputs.
GA = contribution to growth due to higher efficiency,
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Table 4A Absolute efficiencies: fixed-effects model

Productivity, Efficiency and Reform in China®s Economy

Bl Tl SAX M LN IL HL)
1978 1.955 1787 1405 1.19] 1.610  1.281 1.707
1979 1958 L1789 1402 1204 L1607 L300 1.694
1980 1.961 1790  1.398 1217 1604 1320 1681
1981 1965 L.791 1385  1.230 1602 1339 1668
1982 1968 1.792 1.391 1244 1,599 1359 1655
1983 1.971 1793 1388 1258 1596 1330 1642
1984 2,080 1890 1428 1312 1678 1445 1.680
1985 2.083 1.891 1425 1326 1675 1466  1.667
1986 2.086 1.892 1421 1.341 1.673 1488 1654
1987 2000 1893 1418 1356 L1670 L5l 1.642
1988 2003 1.894 1414  1.371 L667 1,533 1.629
1989 2006  LE96 1411 1.386 1664 1536 1616
1990 2100 1897 1.407 1401 1.661 1.580  1.604

SH 15 1 AH Fl JX HEN
1978 2184  1.550 1483 1386 1337 1189 1345
1979 2,163 1.563  1.501 1.396 1357 L2009  1.358
1980 2142 L1575 1519 1407 1377 1230 1372
1981 2121 1.587 1537 1417 1398 1251 1.385
1982 2.1 1.600 1.556 1428 1419 1272 1.398
1983 2.081 1612 1574 1438 1440 1293 1412
1984 21 1712 1679 1526 1540 1357 1471
1985 2150 1725 1699 1537 1563 L1380 1485
1986 2,129  L738 LT19 1549 1587 1404 1499
1987 2100 1752 1740 1560 L6100 1427 1514
1988 2.088 L1766 1.761 1.572 1635 1452 1.529
1989 2068 1779 1782 1583 1659 14AT6 1544
1990 2.048  1.793 Lad 1595 1684 LS50 1.558
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Table 4A {Continued)
HUB  HUN GD GX sC GZ YN
1978 1396 1342 1.417 1.268 1.274 L1T1 1,232
1979 1419 1362 1447 1.291 .29 1.202  1.271
1980 1.44] 1.381 1478 1315 1.308 1.233 1.311
1981 1464 1400 1.509 1,339 1326  1.265 1.351
1982 1488 1421 1541 1363 1343 1298 1.39%4
1983 1512 1L.44] 1.574 1.388 1.361 1.332 1.437
1984 1.584 1.508 1.694 1.488 1440 1427 1.547
1985 L610 1.530 1.730  1.515 1.459 1464 1.596
1986 1.635 1.552 1766 1.543 1478 1502 1645
1987 1.662 1.574 1.804 1.571 1.498 1.541 1.697
1988 1.688 1,597 1842 1599 1517 1581 1750
1989 1.715 1.619 1.881 1.628 1.538 1.622 1.804
1990 1743 1643 1921 1.658 1558 1665  1.861

SHX GS QH  NX XJ
1978 1263 1532 1238 1334 1384
1979 1277 1531 1252 1338 1398
1980 1292 1530 1266 1342 1412

1981 1307 1530 1280 1346 1.426
1982 1323 1529 1294 L350 1440
1983 1,338 1528 1308 1354 1455
1984 1.413 1.595  1.381 1.418 1.534
1985 1.430 1595  1.39% 1422 1.549
1986 1447 1594 1412 1427 1.565
1987 1463  1.593  1.427 1.431 1.581

1988 1.481 1.593 1443 1.435 1.597
1989 1.498  1.592 1459 1439 1613
19940 L3515 1.5%1 1.475 1444 1629

Source:  Authors' calculation based on regression results,



126

Table 4B Relative efficiencies: fixed-effects model

Productivity, Efficiency and Reform in China’s Economy

Bl TI SAX IM LN IL HLJ
1978 0.895 0819 0648 0545 0737 0587 0782
1979 0906 0827 0648 0557 0743 0601 0783
1980 0916 0836 0653 03568 0749 0616 0785
1981 0926 0844 0658 0580 0955 0631 0786
1982 0937 0853 0662 0592 0761 0647 0788
1983 0947 0862 0.667 'E}.IMS 0767 0663 0.739
984 0958 0871 0658 0604 0773 0666 0.774
1985 0969 0BB0 0663 0617 0979  (0.682 0776
1986 0980 0889 0668 0630 0586 0699 0777
1987 0991 0898 0672 0643 0792 0716 0779
1988 1000 0905 0676 0655 0 07% 0733 0778
1989 LO00 0904 0673 0661 0794 0742 0771
1990 1.000 0903 0670 0667 0791 0752 0764
SH 15 A AH FI X HEN
1978 Lo 0710 0679 0635 0612 0544 0616
1979 LoD 0723 069 0646 0627 0559 0628
1980 1000 0735 0709 0657 0643 0574 (640
1981 OO0 0748 0725 0668 0659 0590 0.653
1982 L0000 0761 0.740 0680 0675 0605 0666
1983 1L.000 0775 0757 00691 0692 0622 0679
1984 L0060 0788 0773 0703 Q709 0625 0678
1985 1000 0802 0790 0715 0917 0642 0.69]
1986 1.000 0816 O8O 0727 0745 0659 0704
1987 1000 0831 0825 0740 0764 0677 0718
1988 0998 0844 0841 0751 0781 0659 0730
1989 0.987 0849 OB50 0755 0791 0704 0936
1940 0976 0854 0859 060 0802 0715 0742
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Table 4B {Continued)

HUB HUN GD GX sC GZ YN
1978 0,639 0615 0649 0581 0584 0536 0564
1979 0656 0630 0660 0597 0597 0556 0588
1980 0673 0645 0690 0614 0611 0576 0612
1981 0690 0660 0712 0631 0625 0397 0.637
1982 0708 0676 093 0649 0639 0618 0663
1983 0727 0693 0757 0667 0654 0640 0.691
1984 0730 0695 0780 0686 0663 0657 0713
1985 0749 0712 0805 0705 0679 (Q.68] 0.742
1986 0768 0729 0830 0735 0694 0706 0973
1987 0788 0746 0856 0745 0710 0731 0.805
1988 0807 0763 ORB0 0784 0725 0956 D836
1989 0818 0773 0897 0777 0733 0774 (.861
1990 0830 0782 0915 . 0789 0742 0793 (.886

SHX  GS QH NX XJ
1978 0578 0701 0.567  0.611 0.634
1979 0.59 0708 0579 0619 0646
1980 0603 0715 0591 0627 0.659
1981 0616 0921 0603 0635 0672
1982 0630 0728 0616 0643 0686
1983 0643 0735 0629 0651 0699
1984 0651 0735 0636 0653 0707
1985 0665 0742 0649 0662 0721
1986 0679 0749 0663 0670 0735
1987 0694 0756 0677 0679 0950
1988 0707  0.761 0690 0.686 0763
1989 0715 075  069% 0687 0769
1990 0722 0758 0703 0688 0976

Source: Authors’ computation based on regression results.
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Table 5A Absolute efficiencies: random-effects model Tahle 5A (Continued)

HUB  HUN GD GX s5C GZ YN
1978 1.420 1419 1436 1411 1.411 1.409 1422
1979 1445 1.432 1455 1426 1420 1433 1.455
1980 1460 1446 1476 1.44] 1.420  1.457 1.490

Bl T1 SAX M LN L HLJ

1978 1.883 1.727 1424 1395 1.450 1409 1471
1979 1882 1722 1417 1402 1448 1422 1462

1980 1880 1718 1410 1408 1443 1436 1453 1981 1475 1459 1496 1457 1439 1482 1524
1981 1878 1713 1403 1415 1443 1449  1.444 S e G S oyt e
1982 TRIe L0 1296 el L4 A4 1983 1507 1486 1537 1488 1458 1533 1597
1983 1875 L1704 1389 1427 1438 1477 1426 St M e LU uon N6 e
1984 1957 1776 1417 1470 1501 1528 1453 e o6 i e Tk T den e
985, b8 Ll 1400 AT lARE Lam el 1986 1595 1566 1674 1605 1540 1670 1772
985 14 L6 LA 1ap 149 LA A 1987 1611 1581 1697 1622 1550 1698 1813
1987 1952 1762 1395 1490 1494 1572 1425 G 1pi LS6 UTN Lele 160 1 185
1988 1950 1757 1388 1497 1491 1586 1416 o i ish ahm. aE 1e6 am D
1989 1948 1752 1381 1504 1489 1601 1407 im0 les neas LTE L6 1581 177 1o

1990 1.947 L7T48 1374 1511 1.487 1616 1.399
SHX GS QH NX XJ

SH )8 va AH FJ HEN
1978 2031 1439 1435 1418 1419 | ?94 1418 S 1406 dat8 TAGL 1MEC SaS
1979 1413 1446 1415 1415 1441
1979 2009 1447 1447 1423 1432 1405 1426 1480, ek ak A T 1A
1980 1987 1454 1459 1429 1446 1416 1434 - s Tkl TASE TAOE  1S)
1981 1065 1462 1471 1434 1459 1428 1442 i (4% 1A% LD 1405 ARS8
1982 1944 1470 1483 1439 1473 1439 1450 — 1446 1436 1446 1401 1473
1983 1923 1477 1495 1444 1487 1451  1.458

1984 1.503 1484 1506 1447 1.534
1985 1.511 1482 1514 1444 1,543
1986 1.519 1.47¢ 1,522 l440 1551

1984 1.987 1552 1575 1514 L569 L5000 1504
1985 1966 1560 1588 1.519 1583 L1512 1512
1986 1944 L568 16010 1525  1.598 1524 1.521

1987 1923 1576 1614 1530 1613 1537 1529 1w 1528 TAAT a8l 1A ARG
1988 1.902 1.584 1.627 1536 1629 1549  1.538 B 1238 A48 1o aE e
1989 1881 1593  1.641 L.541 1.644 1,562 1.547 st 158 REIC bk SR e

1990 1552 1469 1556 1426  1.586
1990 1861 1601 1654 1547 1659 1574 1556

Source: Authors’ calculation based on regression results,
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Tahle 5B Relative efficiencies: random-effects model

Productivity, Efficiency and Reform in China’s Economy

Bl T] SAX M LN L HLJ
1978 0927 0850 0701 0687 0714 0694 0725
1979 0937 (0857 0706 0698 0721 0708 0728
1980 0946 0865 0710 0709 0727 0723 07931
1981 0956 0872 0714 0720 0734 0737 0735
1982 0965 0879 0718 0731 0741 0753 0738
1983 0975 08RG 0722 0742 0748 0768 0742
1984 0985 0894 0713 0740 0955 0969 0931
1985 0995 0901 0717 0751 0762 0985 (734
1986 Looo D904 0718 0759 0766 0797 0734
1987 1.000 0903 0715 0763 0765 0805 0730
1983 oo 0801 0712 0768 0765 0813 0726
1989 1.000 0899 0709 0772 (764 0822 0722
1990 1.O00D  OBOE 0706 0976 0764 0830 0718

SH 15 A AH Fi IX HEN
1978 Looo 0709 0707 0698 0699 0686  0.698
1979 L.00¢ 0720 0720 0709 0713 0699 Q910
1980 Lo 0732 0734 0719 0728 0713 0922
1981 L0000 0744 0749 0729 0743 0727 0934
1982 1.000 0756 0763 0740 0758 0741 0.746
1983 000 0768 0778 0951 0773 0735 0959
1984 1000 0.781 0793 0762 0789 0755 0757
1985 1000 0794 0808 0973 0806 0769 0769
1986 0995 0803 0820 0781 0818 0780 0778
1987 0985 0808 0827 0784 0827 0787 0784
1988 0975 0812 0835 0787 0835 0794 0789
1989 0966 0817 0842 0791 0844 0BOZ 0794
1990 0956 0822 0850 0795 0853 0809 0799
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Table 5B (Continued)
HUE  HUN GD GX s5C GZ YN
1978 0704 0699 0707 0695 0695 0694 0700
1979 0719 0713 0.725 0.710 0.707 0.713 0.725
1980 0735 0928 0.743 0.726 0.719 0,733 0.750
1981 0751 0742 0761 0741 0732 075 0776
1982 0767 0758 0780 0757 0745 0775 0803
1983 0.784 0773 0800 0774 0758 0797  0.530
1984 0786 0774 0820 0791 0765 0812 (0851
1985 D803 0790 0840 0808 0778 0835 08381
1986 0816 0802 0857 0822 0788 0855 0907
1987 0826 O8I0 0869 0831 0794 0870 0929
1988 0835 081§ 0882 0841 0800 0886 0952
1989 0.845 0827 0.595 0851 (.806 0902 0975
1990 0854 0835 0908 0860 0812 0918 0999
SHX GS QH NX XJ
1978 0.692 0,713 0.693 0.699 0.706
1979 0704 0720 0705 0.705 0.717
1980 0.715 0726 0716 0711 0.729
1981 0,727 0.733 0728 o0m7 0741
1982 0739 0740 0740 0723 0934
1983 0.751 0747 0752 0,729  0.766
1984 0756  0.747 0.758 0728 0972
1985 0769 075 0770 0735 0.785
1986 0.778 0.757 0.779 0.737 0.794
1987 0783 075 0784 073 0799
1988 0788 0756 0789 0735 0.504
1989 0793 0755 0794 0734 0810
1990 0.797 0755 0799 0732 (815

Source: Authors' computation based on regression results.
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How large is the performance gap, measured in terms of
“relative efficiency,” between provincial industry in different re-
gions of China? Here, we encounter the first of several surprising
results. Data compiled in Tables 4B and 5B display the ratio, for
each province and year, of the absolute coefficient of industrial
efficiency for that province to the corresponding absolute effi-
ciency of the province (invariably Shanghai or Beijing) achieving
the highest level of absolute efficiency in that particular year.
Relative efficiency thus falls between zero and unity, with the
latter figure assigned in each year to the province with peak
absolute efficiency.

These data show that the “relative efficiency gap” between
the provinces recording the highest and lowest levels of absolute
efficiency is rather small. The minimum levels are shown below:’

1978 1984 1990
Fixed effects 0536(GZ) 0.604(IM)  0.667(IM)
Random effects  0.686(JX)  0.713(SAX)  0.706(SAX)

These data are indeed surprising when compared with results of a
study of regional manufacturing productivity in the United States,
in which an analysis based on the fixed effects and random effects
specifications showed relative efficiency coefficients at the state
level as low as 0.37 or 0.50 depending on which of two estimation
methods was employed (Beeson and Husted 1989). However, the
results for the United States and for China come from different
models; Beeson and Husted assume that the differences in pro-
ductivity across provinces are fixed over time whereas we allow
the differences to change over time. A more precise comparison
may lead to a different outcome.

These results are unexpected because, in comparison with
Shanghai and Beijing, the economies of China’s less developed
interior regions appear “laggard” or “backward” in terms of
human capital endowments, manufacturing experience, access to
information, etc. to a degree that one might expect to surpass
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comparable differences between more and less developed regions
of the United States by a very large magnitude.

The extent of market forces in China’s post-reform economy is
hotly debated; nobody would suggest that China’s 1978 economy
represented a marked system. Yet, the unexpected results shown
above are not the only hint that forces in China’s pre-reform
economy might somehow have generated market-like outcomes
in certain areas. The findings reported here are consistent with the
hypothesis that increasing competitive pressures from the non-
state sector increase the x-efficiency of the firms.

The unexpectedly small gap between the absolute efficiency
of industrial activity in the most and least productive provinces is
partly attributable to administered prices that discriminate
against certain industries, notably coal and (in recent years) petro-
leum. These industries, along with most individual producers,
invariably lose money simply because administered prices neces-
sitate the sale of substantial (though declining) portions of pro-
duction at prices that fall below (incompletely measured)
production costs at even the most productive facilities. It is no
surprise that two of the three provinces reporting lower absolute
efficiency in 1990 than in 1978 are major centres of extractive
energy industries: Shanxi, China's coal capital, and Heilongjiang,
a major producer of both crude oil and coal (Shanghai, the third
province in this category, has no extractive industry).

On the other hand, it is possible that non-market aspects of
China's planned economy artificially reduce inter-provincial dif-
ferences in absolute efficiency. This could easily arise from our use
of “gross output value” rather than “sales” as a measure of out-
put, particularly under circumstances in which inferior or even
useless outputs are turned out because producers can count such
“goods” toward the objective of plan fulfilment. Indeed, we can
find many sources that document instances of Chinese state enter-
prises producing inferior or useless outputs both before and dur-
ing the reform period.

Although such behaviour might contribute to a deceptive
compression of absolute levels of provincial industrial efficiency
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at one time (for example, 1978), its dynamic consequences are
quite different. During the 1980s, the proportion of industrial
output transacted under market-like conditions (e.g., at flexible or
“negotiated” prices) has risen steadily. One recent report states
that the value of industrial output under mandatory planning has
been reduced to merely 16 per cent (Gui 1992). In another report,
the ex-factory prices of “means of production for industrial use,”
which were entirely state-determined in 1978, were distributed as
follows: prices controlled by the state, 44.4 per cent; state-guided
prices, 18.8 per cent; market-regulated prices, 36.8 per cent (Li
1992:17). Under these circumstances, particularly given the uni-
versal concern for financial performance now characteristic of
Chinese state industry, the initial presence of unusually large
quantities of inferior or useless output in the mix of products
generated by certain provinces would lead to a substantial relative
decline in measured absolute efficiency of those provinces (we
omit reference to the technicalities concerning fixed and current
prices, which might impede but would not eliminate this ten-
dency).

If the special features of China’s traditional planning system
artificially compressed inter-provincial differences in “absolute
efficiency” at the start of the reform period, we should expect the
reform process to induce a progressively increasing dispersion of
absolute and relative efficiencies. In fact, our data reveal the oppo-
site tendency. The second surprising outcome of our study is the
emergence of evidence showing a trend toward convergence in
provincial efficiency levels during the reform period.

The extent of this convergence is evident from Table 6, which
displays the coefficients of variation for estimated provincial effi-
ciency parameters on an annual basis during 1978-1990. Under
both the fixed effects and the random effects specifications, the
coefficient of variation declines steadily between 1978 and 1983.
Data from the fixed-effects model decline monotonically through-
out the period of analysis. Under the random effects specification,
the coefficient of variation fluctuates during 1983-1987 and then
increases. In both cases, the 1990 figure is less than the initial one,
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the margin of decline being much greater (decline of 35.3 per cent)
in the case of fixed effects than for the random effects approach
(decline of 12.3 per cent).

Table 6 Coefficients of variation of relative efficiencies

Random-effects model Fixed-effects model
1978 0.1037 L1679
1979 0.0989 01598
1980 0.0946 0.1520
1981 0.0908 0.1445
1982 L0875 0.1374
1983 0.0849 0.1308
1984 0.0872 01297
1985 0.0859 0.1242
1986 0.0854 0.1195
1987 0.0857 L1154
1988 0.0868 01122
1989 (L0885 0.1099
1990 00910 01086

Source: Authors’ computation based on the index of relative efficiencies in
Tables 4 and 5.

Another view of the convergence process emerges from Table
7, which combines the data into regional groupings — eastern
(coastal), central, and western provinces — based on standard
Chinese geographic terminology (Agriculture 1991:408). The
upper panel of Table 7 compares the simple average of provincial
relative efficiency results in each of the three regions for 1978, 1984
and 1990, Results of the fixed-effects (FE) and random-effects (RE)
models are tabulated separately. Two points emerge: differences
between the regional averages are unexpectedly small (e.g., the
1978 figure for the coast is only 24 per cent above the correspond-
ing figure for the western provinces using the FE data and 14 per
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cent with the RE data). Second, the inter-regional differences
shrank perceptibly during the reform period: by 1990, the differ-
ence between east and west has shrunk to only 15 per cent with
the FE data and six per cent with the RE data.

Table7 Regional patterns of relative efficiency, 1978, 1984, 1990

Fixed-effects model Random-effects model

Coast Central West Coast Central West

A. Simple average of provincial relative efficiencies

1978 0.742 0.623 0.597 0.801 0.699 0.699
1984 0815 0.681 0.677 0.857 0,763 0.774
1990 0.877 0.742 0.758 0.877 0.808 0.828

B, Coefficient of variation (unweighed) for provincial relative efficiencies

1978 0.175 0.106 0.081 0.144 0.014 0.010
1984 0.123 0.072 0.050 0.111 0.037 0048
19590 0.084 0.066 0.077 0.085 0.071 0.0599

Source: Authors® calculation based on regression resulls.
MNote:  Province with maximum efficiency = 1.00 in each year,

The lower panel of Table 7 explores this apparent conver-
gence process through separate calculation of coefficients of vari-
ation within each region. The results show that the shrinking of
productivity differences between regions may have been accom-
panied by a process of productivity convergence within the three
regions. Under the FE specification, the intra-regional coefficients
of variation are uniformly lower in 1990 than in 1978; with one
exception, the FE-based coefficients of variation show a mono-
tonic downward trend in each of the three regions between 1978,
1984 and 1990. If we focus on the coastal region alone, both the FE
and RE data point strongly to convergence of provincial efficiency
coefficients. The RE specification produces 1978 absolute effi-
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ciency coefficients that are nearly identical within and across the
provinces of the central and western regions (see Tables 4A and
5A). The figures for later years are somewhat dispersed, leading to
an increase in the coefficient of variation for these regions during
1978-1984 and again between 1984 and 1990. Note that such diver-
gence could arise from the unmasking of low-quality or useless
production (as described above), perhaps associated with facilities
built in interior provinces under the “Third-Front” security-ori-
ented investment programme of the 1960s and 1970s.

The results summarized in Tables 6 and 7 have important
implications for the regional character of economic reform in
China. Some observers have expressed concern that the reform
process may be widening inequalities between the relatively de-
veloped coastal regions and relatively under-developed interior
areas. Certainly the most visible trappings of reform — export
zones, experimental share markets, etc. — are concentrated along
the coast, which also seems to enjoy the fastest growth rates for
industrial output and personal incomes. In terms of industrial
efficiency, however, our data show little sign of a bias favouring
relatively advanced regions. Some of the convergence results sug-
gest the opposite, that the 1980s may have witnessed a narrowing
of inter-provincial variations in relative industrial efficiency (as
measured by our models), with convergence particularly evident
under the “fixed effects” specification and within the coastal re-
gion.

If the partial and incomplete diminution of inter-regional and
intra-regional variations in the relative efficiency coefficients
emerging from the analysis of provincial industrial data is ac-
cepted as a genuine phenomenon, what economic processes could
explain this development? The observed pattern of declining vari-
ation in inter-provincial efficiency coefficients is unlikely to repre-
sent a series of coincidences. It is consistent with the hypothesis
that, despite the incomplete nature of reform, market forces are
beginning to “take hold” in China’s industrial economy with the
result that we begin to observe quantitative outcomes associated
with the expected consequences of a shift from planning toward
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market-based allocation of resources and profit-centred invest-
ment decisions.

If market forces push toward the reduction or elimination of
spatial inequalities in technical efficiency, we expect no com-
parable pressures under a system of socialist planning such as
existed in China prior to reform. The injection of market forces
into an economy formerly dominated by the state sector and mo-
nopolistic industrial organizations, competitive pressures in-
duced by the rapid growth of non-state sectors may create
pressures toward the equalization of technical efficiency. The re-
gional efficiency measures that emerge from our estimation pro-
vide one way of determining whether Chinese reform has begun
to generate such pressures. The case of the United States shows
that this convergence process need not be complete even in an
advanced market system (Beeson and Husted 1989).

We hypothesize that the convergence process suggested by
our estimation results reflects the growing penetration of market
forces in an economy that continues to embody a substantial, but
declining range of restrictions, rigidities, and immobilities. The
rapid growth of collective and private industries in the reform era
created potent competitive forces which the state enterprises
could not ignore if they were to remain viable and maintain the
living standards of their employees. Despite very real and signifi-
cant limitations on market processes and competition, the ten-
dency toward convergence of relative efficiencies is a sign of
market forces and competition gradually gaining ground.

First, the past decade has witnessed enormous expansion of
markets for industrial materials (widely interpreted to include
any sort of inter-industry purchase) and products. Instances of
local protectionism, illustrated by “wool wars” and other conflicts
over market shares and control of underpriced materials (e.g.,
Watson et al. 1989) cannot obscure the dominant trend toward
broader markets for the outputs and material inputs of China's
state industries.

There is a less visible but nevertheless substantial develop-
ment of capital markets. Provincial and local governments, as well
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as individual enterprises (especially large ones like Capital Iron
and Steel Company) routinely enter into a variety of transactions
that have the effect of shifting fixed assets and loanable funds
across administrative boundaries and between regional jurisdic-
tions. These include various forms of horizontally integrated con-
glomerations, compensation trade (e.g., Shanghai provides funds
to develop mineral production in Inner Mongolia, and receives
supplies from the new or enlarged facilities), sub-contracting
(which often includes provision of equipment, blueprints, etc.),
and even outright takeover of facilities in distant locations
through merger, purchase, or administrative combination. The
rapid and near-complete compression of profit differentials
among state, urban collective and rural industry that occurred
during the 1980s (Rawski, forthcoming) could hardly have
emerged without considerable transfers of funds and/or equip-
ment across administrative demarcations and probably across
geographic boundaries as well.

Labour mobility also increased during the 1980s, particularly
among rural workers, who now move quite freely both within
rural areas and between the countryside and the cities. Even the
urban labour scene experienced modest increases in mobility, es-
pecially for highly skilled personnel. Turnover rates within the
state sector (including commerce, public services, etc. as well as
industry) in the late 1980s, although low, fall within the range of
recent experience in Japan's large corporate sector (Jefferson and
Rawski 1992). For highly skilled workers, the gradual relaxation
of control over part-time and consulting arrangements has further
enlarged opportunities for transfer of human capital.

This expansion of markets draws support from a massive
increase in access to many varieties of information throughout
China’s economy. Particularly relevant in the current context are
new opportunities to transfer new technology, blueprints, prod-
uct designs, and marketing information across China’s national
and provincial boundaries. Although international transfers re-
ceived by coastal provinces command great public attention, it is



140 Productivity, Efficiency and Reform in China’s Economy

possible that transfers to interior regions, originating mostly from
domestic sources, have made a greater impact on the economy.

These changes are matched by a greater sensitivity and re-
sponsiveness to market forces throughout the economy. One im-
portant component of the Chinese reform is a process of
decentralization that has transferred substantial elements of eco-
nomic decision-making from the centre to enterprises and to pro-
vincial and local governments. Although the distribution of new
powers among these beneficiaries is disputed, as is the appropri-
ateness of the uses to which they have put their new-found inde-
pendence, it is clear that the reform has enhanced both the ability
and the willingness of provincial governments to pursue their
own development objectives and perceived comparative advan-
tage.

In the Chinese case, we seek to determine the extent, if any, to
which reforms have opened the door for market forces to compete
with, and perhaps begin to outweigh state interventions in deter-
mining patterns and trends of economic performance. Our hy-
pothesis is that the reforms have indeed created a sufficient mass
of market-like institutions, decision processes, and allocative
mechanisms to generate outcomes reflective of market forces even
in state industry, formerly the core of China’s system of manda-
tory planning and bureaucratic resource allocation. We anticipate
that the relative importance of market forces is the greatest in the
coastal regions that have experienced the most extensive reform
efforts.

Although we cannot demonstrate conclusively that the grow-
ing strength of market forces is directly responsible for the (partial
and incomplete) convergence of provincial productivity measures
obtained in this study, these results are surely not consistent with
the view that reform has hardly affected the behaviour of state
enterprises, that “little headway seems to have been made in
firming up... the ‘soft budget constraint™ and that the impact of
reform has not been sufficient to change long-standing patterns in
which “managerial energies were not applied in efficiency-en-
hancing ways” (Putterman 1992:473, 478). The same findings fit
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well with the notion that managers, workers, and enterprises in
Chinese state industries, as well as their suppliers and customers,
increasingly behave like participants in a market system (albeit
one subject to extensive regulation and official intervention)
rather than subordinates within an administrative hierarchy of
central planning. Even the inconsistent results on productivity
convergence (Table 7, lower panel) coincide with our hypothesis
in the sense that convergence is greatest and most consistent
among the coastal provinces that have surely experienced the
greatest degree of reform impact.

IV. Conclusion

This chapter draws on a newly constructed panel data set cover-
ing independent accounting units within China's state industry at
the provincial level to investigate issues of regional development
and reform impact during the period 1978-1990. We estimate two
separate sets of production models using “fixed effects” and "ran-
dom effects” specifications for efficiency change, along with spe-
cific dummy variables for China’s three province-level cities and
for the “regime change” associated with the 1984 reforms. Our
data, which include capital, labour, intermediate inputs, and gross
output, adjusted to remove non-industrial inputs and to express
output, fixed assets, and intermediate inputs in real terms, fit well
with the Cobb-Douglas functional form under constant returns to
scale.
The principal estimation results include the following:
1. There was a general increase in efficiency during the period
1978-1990.
2. Efficiency change contributed only modestly to the expansion
of output, except for the year 1983 /1984.
Both these results conform to the findings of earlier studies. Our
estimates also lead to new and somewhat unexpected results:
3. Calculations of relative provincial efficiency indicate that:
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* The gap between more and less developed regions is sur-
prisingly small.

= This gap declined during the 1980s, suggesting that re-
form has not created differential advantages for the rela-
tively developed coastal regions.

*  Thereis evidence of a pattern of convergence among mea-
sures of provincial efficiency levels both nationally and
across, as well as within, three broad regions: the coast,
the centre, and the west. This suggests that the reform has
led to a significant increase in market integration both
nationally and within the coastal region.

These results seem consistent with the hypothesis that reform
initiatives have successfully injected market forces into China’s
economy to the point where even state industry, formerly the core
of state planning, now displays patterns of allocation and devel-
opment that can be predicted from the analysis of market models.

The same results seem inconsistent with the view that partial

and incomplete reforms such as those implemented by China’s
government during the past 15 years have not and cannot suc-
ceed, and that large and sustained improvements in productivity,
efficiency, and absorption of new technology must await sweep-
ing changes that completely demolish the inherited system of
state enterprises.

*  Tsui and Hsueh acknowledge the financial support of the Mainline
Research Grant of The Chinese University of Hong Kong. Rawski
acknowledges financial support from the Henry Luce Foundation
and valuable suggestions from Steven Husted, Guonan Ma, Carl
Riskin and Peter Warr.
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MNotes

1. A complete list of the provincial publications used to compile
our data set is available on request.

2. Hicks neutral technical change is assumed.

3. Our specification of A; is similar to that of Prasnikar, Svejnar
and Klinedirst (1992).

4. For a detailed discussion of the statistical properties of the
fixed-effects and random-effects models, see Hsiao (1986).

5. The sources of the provincial data are available from the au-
thors on request.

6. Quota working capital is excluded. The rationale may be
found in Chen et al. (1988).

7. The details of the estimation method may be found in Appen-
dix 1.

8. For details, see Appendix 1. :

9. See Appendix 2 which contains a list of abbreviations for the
provinces.
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Appendix 1

This section describes how the variables for the regression analy-
sis are constructed.

A. Real Gross Value of Industrial Output

GVIO is in 1980 prices. For a limited number of provinces where
published data on real output are not available, a price deflator for
the state industrial sector is used. The price deflator for the entire
state industrial sector is derived in the following way. Figures for
GVIO at comparable prices are available. Nominal GVIO is then
divided by GVIO in 1980 prices to arrive at the price deflator. Itis
to be noted that the output of the state independent accounting
industrial enterprises makes up a predominant share of the out-
put of the entire state industrial sector. One would thus expect
that the price deflator for the entire state industrial sector is not a
bad approximation.

B. Real Stock of Fixed Capital Excluding Residential Construc-
tion

Using the time series data for net value of fixed assets (KFN), the

nominal non-residential investment in year t is then equal to:

DKFNq = KFNT - KFN|—| - RESt 4

where KFN, is the net value of fixed assets in year t and RES, is
residential investment in year t. The real stock of non-residential
fixed capital is then equal to:

!, DKFNs
= xSH+ ¥ ——
K, KFN]'D’.'I- SH S-EW PK
where PK, is the capital deflator for year s and SH is the estimated
share of non-residential capital. It is to be noted that the initial
capital stock is assumed to be equal to the nominal net value of
fixed asset, i.e., KFN,s7; adjusted for residential construction.
Data for KFN are not broken down into residential and non-
residential investments. To estimate the share of non-residential
investment, one reasonable proxy is the share of non-residential
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investment in the state industrial sector. Unfortunately, for many
provinces no such data are found in published sources. Data for
the entire state sector is thus used instead.

Total investment of the state sector consists of three catego-
ries: basic construction, renovation, and miscellaneous invest-
ments. Each type of investment includes residential construction.
For most of the provinces, data on residential investment are only
available for the first two categories of investment. Our estimates
thus correspond to the share of non-residential investment in
basic construction and renovation investment. In any case, the
share of miscellaneous investment is relatively small. Residential
investment for each type of investment is deducted from the re-
spective value of investment to arrive at non-residential invest-
ment.

With regard to renovation investment, published data on
non-residential investment often do not exist for the years 1978
and 1979. For these two years, the figures for the share of non-
residential to total investment are those of basic construction in-
vestment. Since the amount of renovation investment was very
small at the beginning of the reform era, the margins of error are
likely to be very small. There are also a few provinces whose
values of residential construction in renovation investment are
missing for some years after 1980. To fill the gaps, it is assumed
that residential investment grows at a constant rate between two
points in time when data are available.

In computing the shares of non-residential investment, newly
commissioned investment is the variable in the denominator.

To estimate the value of non-residential investment of the
state independent accounting industrial enterprises, the shares for
the entire state sector (SHARE,) are applied to the change in the
net value of fixed assets, i.e.:

DEFN, = {ICFN; - KFNF]] #*SHARE, .

To deflate DKFN, the national capital deflator in Chen et al.
(1988a) is used for all the provinces because of data limitations.
The series is extended beyond 1985 using the same methodology
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as in Chen et al. (1988a). The series is normalized so that the value
for 1980 is 100.

C. Mid-year Employment

For many provinces, published data for mid-year employment are
not available. However, it is possible to recover the mid-year
employment figures from labour productivity. The latter is de-
fined as GVIO in 1980 prices divided by mid-year employment.
Dividing labour productivity by real GVIO will result in an esh-
mate of mid-year employment.
D. Material Inputs
The real value of material inputs is estimated as follows:

Mt = {GWDH’PQJ - {N‘H'ID./PQ:} == {DEPR[:’T’KJ
GVIO is the nominal gross value of output, PQ is the price deflator
for GVIO, NVIO is net value of output and DEPR is the value of
depreciation. Net value of output is always reported in nominal
terms. The price deflator for GVIO is applied to the net value of

output to arrive at real NVIO. The following formula is used to
derive DEFE:

DEFPR, = (KFO, — KFO,.1) = (KFN, - KFN1)
where KFO is the original value of fixed assets.
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Appendix 2

The following is a list of the abbreviations for the provinces used
throughout the chapter.

Bl Beijing

TI Tianjin
SAX Shanxi

IM Inner Mongolia
LN Liaoning
IL Jilin

HLIJ Heilongjiang
SH Shanghai
I8 Jiangsu

Z1 Zhejiang
AH Anhui

FI Fujian

IX Jiangxi
HEM Henan
HUB Hubei
HUN Hunan

GD Guangdong
GX Guangxi
5C Sichuan
GZ Guizhou
YN Yunnan
SHX Shaanxi

GS Gansu

QH Qinghai
MX Mingxia

X1 Kinjiang
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Sim:e being designated as a special economic zone, Xiamen has
seen its output rise rapidly, but so has the volume of inputs
used. This study attempts to determine the extent to which the
growth of output has outstripped that of inputs. Eight major
industrial sectors and three major types of firm organization —
state, collective and joint venture — are examined. Collectively
owned enterprises are wholly owned by groups of individuals or
local governments. Joint ventures are jointly owned by local state
enterprises and foreign firms. This study analyses whether the
establishment of the special economic zone with its more lenient
foreign exchange retention regime, a somewhat more flexible lab-
our relations regime and enhanced infrastructural facilities, has
had any significant impact on the total factor productivity perfor-
mance of Xiamen industry.
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I. Productivity Studies on China

Total factor productivity (TFP) growth is defined as the growth
over time in output per unit of weighted inputs (such as labour,
capital, energy and materials), where the weights are equal to the
output elasticities of the respective inputs. The growth of total
factor productivity is an indication of the growth in national living
standards which can be achieved by improvements in the alloca-
tion and productivity of existing human, capital and material
production factors. This can be compared to growth which is
derived from the employment of increasing amounts of these
factors. In the more successful developing and industrial coun-
tries, total factor productivity growth can account for about half of
total output growth.

Total factor productivity increases can be achieved either by
technological change, improved allocation of resources or scale
economies, or by combinations of all three of these, Studies have
been made assessing the level of total factor productivity growth
by sector, location and type of ownership of industry, using na-
tional and regional industrial statistics (Jefferson 1989) and cross
sectional data for particular industries like the iron and steel in-
dustry (Jefferson 1990) and for township, village and collective
industries (Svejnar 1987).

The purpose of such studies has been to determine in which
industries and regions, and under which policy regimes, total
factor productivity growth has been the greatest, and to provide a
guide to policy makers regarding which policy reforms are likely
to be most effective in raising total factor productivity.

In recent years, there have been numerous studies by both
foreign and Chinese scholars of productivity growth in Chinese
industry (Chen et al. 1988a; Jefferson 1990). Despite quite impress-
ive levels of output growth and the substantial capital deepening
since 1949, a comparison of China with other developing and
industrial countries demonstrates that there has been a disap-
pointing level of total factor productivity growth since the late
1950s.

The Impact of Reform on Chinese Industrial Productivity 153

Total factor productivity growth has contributed very little to
economic growth in China; only about 8 per cent of total economic
growth, or 0.3 percentage points of GNP growth per annum be-
tween 1952 and 1981 (Table 1). This compares to an average total
factor productivity growth contribution of 42 per cent for the
Republic of Korea and 39 per cent for 19 developing countries.

Table 1  International comparison of total factor productivity growth

GNP growth TFP growth as share
(Fp. a) of total growth (%)
China™ A B A B
1952-81 05  -1.0 -17
1952-75 03  -L1 5 .18
1975-81 10 03 17 -5
China's industry® o D C D
195385 2.3 1.9 23 19
1953-57 53 5.1 32 31
1957-78 08 04 9 5
1978-85 52 48 60 56
China’s industry (current study) C C
1980-85 12.7 5.8
1986.89 10.7 -16.2
Brazil™
1950-60 3.7 54
1955-70 2.1 34
1960-74 1.6 22
Republic of Korea
1955-60™" 20 47
1955-70' 50 57
1969.73" 41 42
Spain®
1956-65 50 44
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Table 1 {Continued)
Japan
195217 18 38
195264 5.1 53
1953-71% 59 58
1955-71 29 25
1955-70"% 5.6 55
1960-73 45 41
United States™
1947-60 1.4 38
1960-73 1.3 30
Soviet Union' "
1950-60 1.9 32
1960-70 1.5 29
1970-75 0l 3
Average ﬁ’zr} 19 developing 20 31
countnes
Average 'E'i"!;” industrial 2.7 49
countnes
Notes: (1) World Bank (1985a), p. 39. A assumes a 60 per cent share for

2)

(3}
(4)
(5)
(6)
(7
(8)
(9

labour, 40 per cent for capital. B assumes 4 40 per cent share for

labour, 60 per cent for capital.

Chen, ct al. (1988a). C: capital stocks valued at 1980 prices.

D: capital stocks valued at 1952 prices.
Elias (1978),

Chen (1977).

Christenscn et al. (1980).

Balassa and Bertrand (1970).
Jorgenson and Esaki (1973).
Walanabe (1972).

Denison and Chung (1976).

(10) Mishimizu and Hulten (1978).
(11} Bergson and Levine (1983). chapler 2.
{12) Chenery et al. (1986), chapter 2.
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Other Chinese empirical studies support the finding that total
factor productivity growth has made a negligible or even negative
contribution to national income growth since the 1950s (Rawski
1980; Field 1983; Chow 1985; World Bank 1983; Tidrick 1986; Chen
and Sang 1986; Pan 1986). A few studies estimate very modest
increases in total factor productivity since reform was commenced
(Chen et al. 1988a; Jefferson 1990; Shi et al. 1986; Werld Bank
1990). Nevertheless, it appears likely that a major potential source
of real output and income growth in other developing and indus-
trial countries has been forgone by China, at least prior to the
reform period.

II. Trade and Foreign Investment
Reforms in China, 1979-1991

China’s open door policy on foreign investment and trade, initi-
ated in the late 1970s, commenced a movement away from the
position of self-sufficiency it had adopted with the Communist
revolution in 1949. The open door policy was expected to provide
China with a range of benefits, including access to modern tech-
nology to improve the efficiency of its antiquated industry and
infrastructure, the creation of employment for its rapidly growing
population, the expansion of export industries to provide foreign
exchange and the introduction of Western management tech-
niques, aimed at improving efficiency.

Between 1979 and 1980, four special economic zones were
established in Shenzhen, Shantou, Zhuhai and Xiamen, in the
southeastern provinces of Guangdong and Fujian. In April 1984,
the opening of 14 large coastal cities (including Shanghai) to for-
eign investment was announced, and in 1987, five special eco-
nomic zones were established in Hainan province.

The “Coastal Area Economic Development Strategy” was initi-
ated in 1988, in a speech by Zhao Ziyang. He urged that China's
coastal areas, with approximately 200 million people, should seize
the opportunity of adjusting to international conditions by con-
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centrating on producing labour-intensive goods for export. For-
eign investment should be attracted by allowing the establish-
ment of wholly foreign-owned, joint-venture and co-operative
enterprises. Where necessary, raw materials and intermediate
goods should be imported and the finished product exported after
value was added in China. Zhao Ziyang also indicated that the
reform of foreign trade enterprises would be accelerated, so that
trading enterprises could take responsibility for their profits and
losses.

The Pearl and Yangzi River deltas and parts of Fujian were
allowed to adopt policies on foreign investment, taxation and
profit remittance which were similar to those that existed in the
zones and coastal cities. In 1990, it was announced that the
Pudong special economic and industrial zone would be estab-
lished in Shanghai, offering an even more liberal policy regime
than in existing zones,

In order to attract foreign direct investment and to promote
the transfer of advanced technology and the production of “high-
tech” products, special inducements were offered in the zones to
foreign investors. These inducements included the right to obtain
duty draw-backs on imported inputs and capital goods, to “re-
tain” 100 per cent of foreign exchange earnings, to expatriate
profits, and to convert earnings needed to pay local costs at a
secondary market rate which more closely reflected China’s
shadow exchange rate (Zhang 1987; Martin 1990; Lin 1991)." Lab-
our hiring and firing were supposed to more closely reflect prac-
tices in market economies, though it is doubtful whether this in
fact occurred. Foreign firms were also allowed access to local
capital markets. In recent years, the latter have frequently offered
lending rates which have been negative in real terms (Lin 1991).

In Xiamen, as in the other special economic zones, a new
industrial estate, Huli, was established. In this estate, the munici-
pal govemment provided subsidized factory space, specialized
infrastructure such as back-up power supplies and international
telecommunication facilities, accommodation for workers and vil-
las for foreigners. As well, it attempted to stream-line zone firms’
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dealings with the Chinese bureaucracy. Improvements were also
made to port, airport, road and rail infrastructure serving Xiamen.
However, these facilities were provided at a high cost to the
Chinese economy (Lin 1991). Administrative regulations remain
confused and arbitrary, so it is still a matter for debate whether the
zones yet provide a significantly more attractive investment envi-
ronment for foreign firms other than overseas Chinese investors,
despite the high cost of establishing them (Wall 1990; Wong 1957).

Firms in technology development zones in the open coastal
cities are also given 100 per cent retention rights over their foreign
exchange earmnings. Firms in Fujian and Guangdong may retain
only 30 per cent. Firms in the rest of the country, including Beijing
and Shanghai, can retain only 25 per cent, but of this amount only
half can be retained by the exporting firm — the other half goes to
the local government (Zhang 1987:52). In practice, firms do not
actually retain foreign exchange, only the right to buy it at the
secondary market rate. At the end of 1990, the secondary market
rate was US$1 = RMBY5.75, compared to the official exchange rate
of US$1 = RMBY5.18. However, prior to the 1989 devaluation, this
divergence was considerably larger, at RMBY5.8, compared to an
official rate of RMBY¥3.7 to US$1.00. Rights of access to the second-
ary foreign exchange market could also be sold, effectively in-
creasing exporters’ returns from exporting.

There appears to be a similar gradation of policies regarding
access to domestic borrowing, taxation of profits and access to
foreign exchange for imported inputs, as occurs with foreign ex-
change retention. The zones in the open coastal cities (and some
special regions like Tibet) receive the most favourable treatment;
Guandong and Fujian provinces somewhat less preference; and
the rest of the country the least. On a sectoral level, in the light
industry, clothing and arts and craft industries, experimental re-
forms were introduced in 1988 with the abolition of export subsi-
dies and their replacement with provisions allowing exporters the
right to “retain” 75 per cent of their foreign exchange earnings. In
January 1991, export subsidies were removed for the whole for-
eign trade sector, and the proportion of foreign exchange earnings
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retained by exporters increased. At the same time, the gains and
losses made by foreign trade corporations were made their own
responsibility.

One of the concerns of this study is to determine the prospects
for improving the performance of China’s manufactured export
sector. Exports of manufactures have risen rapidly since the open-
ing of China’s economy in the late 1970s, but many domestic
policy obstacles inhibit continued growth (Lin and Yang 1987). A
range of policies has been developed to encourage export growth.
It was hoped that the special economic zones and coastal cities
would attract foreign capital and provide employment opportuni-
ties, hence expanding the factors drawn into the industrial export
sector. It was anticipated that the firms located in these favoured
areas would employ more advanced technologies and man-
agement practices, as well as benefit from more flexible labour
and capital market policies, and more liberal trade and foreign
exchange regulations. Firms in these zones and the coastal cities
were therefore expected to achieve a rapid growth in the produc-
tivity of the factors they employed, and hence a more rapid rate of
export growth.

111. Other Industrial and Economic Reforms

Enterprise management, pricing, labour and capital market re-
forms commenced in China in the 1980s but by the early 1990s
were only partially completed. Enterprise reforms commenced in
1979 with the introduction of regulations designed to reduce cen-
tralized control over the activities of a limited number of selected
firms, in order to judge the effect of these measures on efficiency.
However, these reforms spread spontaneously to enterprises rep-
resenting 60 per cent of output and 70 per cent of profits in the first
year after 1979 (Johnson 1990). As a result, firms were allowed to
retain part of their depreciation charges and profits, for reinvest-
ment and the payment of bonuses to provide incentives to work-
ers. A reduced proportion of investment was provided directly as
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grants from controlling government departments, and a greater
proportion from bank loans, which the firms were required to
repay. It was also expected that capital charges would be levied to
repay the state for the capital investments that they had made
previously.

Of these initiatives, only the reforms relating to the retention
of profits were fully implemented. This resulted in a substantial
decline in revenue flowing to the central budget at a time when
there was a major growth in investment associated with Hua
Guofeng's ambitious 10 year development programme. There was
also a spurt in local government investment in industry. This was
a consequence of the increased incentives provided to local gov-
ernments to invest in local industries, as a result of their right to
retain some profits. Combined with pressures from workers for
increased salaries and bonuses from retained earnings, these par-
tially implemented and rather poorly thought-through reforms
resulted in significant inflationary pressures, and major balance of
payments and central government budget deficits. The latter
reached 5.2 per cent of GDP in 1979 (Blejjer and Szapary 1989).

In 1981, profit contracting was introduced into smaller indus-
trial enterprises to parallel the contract responsibility system
which was by then working successfully in agriculture. Firms
negotiated a base level of profits which were to be handed over to
the state and were then allowed to retain between 20 and 100 per
cent of the remainder. By 1982, this system had spread to 80 per
cent of state enterprises. But it was an arbitrary and time consum-
ing system. The level of profits to be achieved and surrendered
could not be determined on the basis of any uniform formula
because of the failure of input and output pricing to reflect true
economic scarcities, the vast differences in the state’s investment
in different firms, and other state influences on the original choice
of technology and location, all of which affected the current prof-
itability of firms. Instead, the level of profits to be surrendered was
agreed after protracted negotiations between firms and their line
departments and local authorities. Since non-economic factors fre-
quently influenced the outcome of these negotiations, their impact
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in improving resource allocation was not necessarily positive in
all cases. This will be tested in the latter part of this study.

Labour market reform has also been attempted, but with lim-
ited success until recently. The system of permanent tenure for
state enterprise workers remains substantially intact, despite at-
tempts to introduce contract employment for new workers. Al-
though 15 per cent of state enterprise workers are now on
contracts, the lack of a social security system for unemployed
workers still makes enterprises very reluctant to sack workers or
fail to renew their contracts. Temporary workers from the coun-
tryside, employed for short-term and seasonal jobs are an excep-
tion to this system and can be used by enterprises to provide some
flexibility if their activities have a seasonal nature. Recently an-
nounced reforms (August 1992) explicitly urge firms to trim their
workforces to the minimum required. Redundant workers receive
a proportion of their previous salary, with no bonuses, and are
encouraged to seek work elsewhere. Increased flexibility will also
be introduced into the promotion system (China Daily, 1/9/92).

The other area of labour reform attempted in the early 1980s
was the introduction of bonuses aimed at improving the relation-
ship between the productivity and remuneration of workers.
There was a very narrow spread of wages between skilled and
unskilled workers in China, and there was no differentiation on
the basis of productivity of workers in the same skill categories.
Bonuses provided an initial spurt to productivity. However,
within a few years, the mentality of “all eating from one big pot”
had reasserted itself, and bonuses were routinely paid at the same
level to all workers, regardless of their productivity (Johnson 1990;
White 1988; Cao 1992). This merely added to inflationary pres-
sures and negated the earlier stimulus for improved labour pro-
ductivity.

Reforms were also proposed for the banking system and the
method of financing enterprise investment. Prior to 1978, all net
revenue of enterprises was paid to the state, and all enterprise
investment was allocated as grants directly to enterprises by the
state agencies responsible. In 1984, a transition was commenced to
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a more market-oriented system, whereby investment was fi-
nanced by a mixture of re-invested enterprise profits, bank lend-
ing and state allocations. By 1988, 68.4 per cent of all enterprise
investment and working capital requirements were met by bank
loans (23.4 per cent in 1978). In both years, the bulk of the residual
was met by government allocations (Zhang 1987).

As firms were supposed to repay loans with interest, the
system was intended to ensure firms only invested in profitable
activities. Banks also were supposed to be responsible for their
losses and hence were expected to apply prudential standards and
lend only for viable projects. A large number of factors have
prevented these reforms having their intended effect, and there is
apparently still no absolute requirement to repay loans. Firms
cannot be bankrupted. Banks are not independent, but are subject-
ed to pressure from local and provincial authorities to lend to
preferred projects. Since banks’ losses are always covered by their
responsible agencies, there is no real incentive for them to resist
pressure from local authorities.

At least initially, many provincial banks lacked the expertise
to analyse the financial or economic viability of proposed projects.
The apparently widespread practice of undertaking new invest-
ment projects without proper financial or economic analyses is
likely to seriously impair future prospects for productivity growth
and international competitiveness (World Bank 1985a). As nomi-
nal interest rates have been negative for many years since 1980,
firms have had a great incentive to invest. These incentives for
enterprises and local authorities have been enhanced by the de-
centralization of profit retention and taxation rights.

Serious price distortions create another major problem for
reforming the system of allocating investment funds. Even if
banks allocate funds to projects which are financially viable, at
distorted prices, there is no guarantee that they will be econom-
ically beneficial to China. In a situation of continuing price distor-
tions, a more market-oriented method of investment allocation
through the banking system may actually result in a less rational
and economically efficient allocation of resources than allocations
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under the Plan. Output of many industries, like raw and semi-pro-
cessed materials, infrastructure services and energy are still sub-
ject to very low Plan prices. A financial assessment of investment
proposals in these areas, using distorted prices, may show them to
be unviable, but an economic assessment, based on shadow
prices, which reflect true economic value, could indicate a high
economic return to investments in these areas.

Price reform is the other major area in which reform has been
attempted, but to date progress in this area has been slow. In 1981,
a dual price system was introduced, under which firms sold an
agreed part of their output to the state at a controlled Plan price
and anything above that at a negotiated price. Although the latter
was still controlled, it might roughly approximate to a free market
price. The dual price system was meant to facilitate a gradual
increase in the role that the market played in allocating factors and
products. It was also hoped that it would provide firms with
incentives to increase production and productivity. This has no
doubt occurred, as at the margin firms are increasingly operating
in a more market-orientated system.

However, because of poor macroeconomic control and infla-
tionary pressures in the 1980s, negotiated prices of producls con-
tinued to diverge from Plan prices. Until very recently, with
reforms in basic raw material prices, dual prices for products had
not converged. Hence, the two-tier price system may actually
have increased the irrationality of the allocation system in many
sectors. Time-consuming negotiations are required to secure raw
materials at prices appropriate to the output prices enterprises can
receive for their output, and for achieving agreement on the Plan
and negotiated prices at which output will be sold. Negotiations
are typically based on personal contacts, or guanxi, with those in
the agencies responsible for the allocation of resources. The suc-
cess or failure of firms is frequently not a result of performance in
the market, but this so-called guanxi effect (Wall 1990). The two-
tier price system provides widespread opportunities for corrup-
tion. Some officials and firms with control over Plan priced
outputs in high demand were able sell these goods in free mar-
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kets, where they commanded significantly higher prices (Byrd
1988; Wu and Zhou 1988).

The many anomalies which persist in the two-tier system of
plan and market allocation, as well as the failure to fully imple-
ment reforms in the areas of enterprise management and labour
and capital markets, could well have resulted in disappointing
levels of productivity growth in the second half of the 1980s.
MNevertheless, in the period since the opening of the Chinese econ-
omy, many reforms have been attempted, and some have had
beneficial effects. It is therefore important to determine whether
the overall impact on industrial productivity growth has been
positive or negative.

One of the methods of determining this impact is to ascertain
the extent of total factor productivity growth in various industrial
cities with different policy regimes: Xiamen, a special economic
zone; Shanghai, a coastal city; and Beijing, a city which has not
been given any special status but nevertheless has benefited from
high levels of new investment. The case study of the special eco-
nomic zone, Xiamen, is undertaken in some detail to provide an
indication of the productivity performance which could be ex-
pected of Chinese industries under more liberal policy regimes.

IV. Model Specification

Various production function specifications were employed to
model industry production data from Xiamen, Beijing and Shang-
hai including a simple Cobb-Douglas production function and the
more flexible translog production function. These were used to
derive the output elasticities of factors, which were then em-
ployed in the determination of total factor productivity growth in
the various industrial sectors.

A generalized production function was hypothesized, which
can be described as:

Q=f(X a) (1)
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where Q is output, X is the physical factor inputs and o is some
residual factor, which we may call technical progress or factor
productivity growth. Assuming initially that the appropriate
functional form is an unconstrained Cobb-Douglas production
function, and taking logs, Equation (1) can be expressed as:

Q=% &InX;+T(X, t) (2)

where €, is the output elasticities of factors X;, and T(X, t) is techni-
cal progress or the total factor productivity growth coefficient. An
alternative specification of the production function is the more
flexible translog production function. When estimating the output
elasticities from Equation (2), an unconstrained translog formula-
tion is also estimated for comparative purposes. The results of this
analysis are discussed in the following section.

Differentiating the Cobb-Douglas production function with
respect to time and manipulating it gives:

‘ﬂnQ =Y & di;tx + T(X, t). @)

Assuming constant returns to scale, profit maximization, (i.e.,
the marginal revenue product of factors will equal their factor
rents), and using Euler’s theorem, Equation (3) can be written as:

; Xi
- e

where wXi/PQ is the earnings share of factor i in total output.
Total factor productivity growth can then be represented as:

T(x, =209 - [)_“;5@%}, (5)

This is the difference between the change in the level of output
over time and the change in the weighted level of inputs, where
weights reflect the factor output elasticity, or factor shares of
inputs.

For discreet data, the Tornqvist index approximation of total
factor productivity growth exactly retrieves values from a trans-
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log specification of the production function (Diewert 1976; Fuss
1977). The Tornqvist index of total factor productivity growth is
given by:
TI:X. .t] = I.IlQr = |I'EQr,.1
-Y05[Vii+Vii- ] e + IndG o] (6)

where V; = w;X;/PQ, is the share of total output value received by
factor i.

However, the use of factor shares as weights raises problems.
It requires the assumptions of perfect competition in factor and
goods markets and the applicability of the marginal revenue
product theory of distribution. Under these conditions, the mar-
ginal revenue product of the factors are expected to equal their
factor rents, and their output elasticities are expected to equal
their shares in total value added. These assumptions are likely to
be unacceptable in the Chinese economy, as in most other planned
economies (Weitzman 1970). Hence, first estimates are made of
the factor output elasticity of labour and capital in industry in
Xiamen, Beijing and Shanghai (the & coefficients from Equation 2),
for use in the Tornqvist index estimates of total factor productivity
growth.

The traditional index of total factor productivity is estimated,
using the relationship, below:

TEP(H =20 )
X (8)"

where e is the output elasticities of factors estimated from Equa-
tion (2) above, and Xi(t) is the value of factor inputs used in the
production of X;.

The level of usual factor inputs, such as labour, capital and
material, may not be the only influences on total factor produc-
tivity growth. It is also likely to vary with the management tech-
niques used by firms, proxied by ownership (O), domestic
macroeconomic policy, and the public policy regime under which
the firm is operating (R), which has varied over time, and the
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industry sector involved (S). The latter factor may be important
because exposure to domestic and international competition and
the rates of technological change and innovation, and the rates at
which new technologies are adopted are likely to vary between
industries. Also, choices of technology, proxied by the capital
labour ratio (K/L), may influence the rate of total factor pro-
ductivity growth.

In order to explain the sources or determinants of total factor
productivity growth, a Cobb-Douglas style production function
approach is used, similar to the method of Griliches (1979),
Svejnar (1987), Lichtenberg and Siegel (1989) and many other
empirical studies of this nature. Management style, (ownership,
(O), policy regime (R) and industry sector (S), are included as
separate “factors” of production in addition to capital, labour and
materials.

Q) = o IIX,(H O(H)™ S(H™ R(™ (8)
where
Qft) = gross output (or net if materials are omitted
from inputs);
o = aconstant;
A = aresidual Hicks neutral technical change
parameter;

Xi(t) is factor inputs where,

Xi(t) = K(t) the stock of physical capital;

X(E) = L{t) labour input;

Xalt) = M{t) material inputs (including energy);

Q) = management system, proxied by ownership;

S(t) = industrial sector, capturing industry specific
rates of accumulation of technological
knowledge and exposure to international
competition;

R(t) = demestic policy regime, which has varied over
time;

B = factor output elasticity of factor i;
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«l, o2, a3 = output elasticity of the factors of management
style, industry specific technical change and
international exposure and domestic policy
regime.

By taking logs of Equation (8), differentiating with respect to
time, assuming constant returns to scale, re-parameterization al-
lows growth in total factor productivity to be represented as:

DTEP = A+ ot O(f) + 0t S(t) + 3 R(H) + ¢ (9)
where 4 is the rate of residual, unexplained, technical change; al,
o2, 3 are the output elasticities for variations in ownership, in-

dustrial sector and policy regime and e is a normally distributed
disturbance term.

V. Xiamen Industrial Productivity Performance

If Xiamen industry has experienced improved total factor produc-
tivity growth, there are several possible reasons this may have
happened.

* The structure of Xiamen industry may well have changed due
to the opening of the economy to international trade, the
availability of infrastructure and the entry of foreign and pri-
vate investors with knowledge in particular industries.

*» Changes in the ownership structure of industry in Xiamen
may also have impacted on productivity growth. There has
been a strong growth in collectively owned firms throughout
the reform period and a rapid growth of joint foreign-Sino
owned ventures after their introduction in 1984. It may be
expected that the incentive structure for workers and manag-
ers in such firms could have encouraged higher productivity.
The study will therefore assess whether factor productivity
growth has varied significantly between firms with different
ownership (state, collective, or joint venture) and whether the
relative growth of these sectors helps to explain overall total
factor productivity growth.
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« The introduction of the special economic zone itself may have
improved total factor productivity growth. Productivity in
the period 1984-1989 is compared with that in the period
1979-1984 to assess whether the zone’s creation has had any
significant impact on total factor productivity growth in the
industrial sector.

* Inappropriate choice of technology in new enterprises, due to
poor project analysis, may have impaired productivity
growth in some firms. Variables such as the capital intensity
of industry sectors are used as regressors with respect to the
rate of total factor productivity growth, to determine if there is
any significant relationship between the two.

e Theexport orientation of different industrial sectors may have
influenced total productivity growth. As data have only been
published on the export orientation of industry in Xiamen for
one year so far, 1988, a time series analysis of this relationship
is not yet possible. However, a cross-sectional analysis could
possibly be undertaken (Yang 1991).

* Finally, it is possible that China’s stop-go macroeconomic
policies, which have caused major drops in production in
some years, have affected total factor productivity growth.
Their impact will also be assessed using dummy variables for
years when macroeconomic policy settings were tight.

Basic industry data on Xiamen are given in Tables 1.1 and 1.2
in Appendix 1. These tables include data on the levels of real net
output and employment, the deflated value of capital stock, and
estimated changes in labour and capital productivity and capital
intensity by ownership type and sector. The study employs an-
nual data for Xiamen industry for 1979-1989, drawn from the
relevant Xiamen Almanacs. This data is disaggregated and cross-
tabulated by ownership and industry sector. Data is disaggre-
gated into 10 manufacturing industry sectors: metallurgical prod-
ucts; chemicals; machinery; construction materials; forest
products and furniture; food products; textiles; garments (sew-
ing); leather products and paper products. Although since 1985,
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more disaggregated data are available for manufacturing indus-
tries, to facilitate an analysis over the 10 to 12 years since reform
commenced, it is necessary to retain the more aggregated
categorisation available prior to 1985.

Chinese capital stock data is an aggregation of net investment
undertaken each year valued at current prices for each year (Chen
et al. 1988b). It is impossible to use such data for productivity
studies, as there is no correction for the impact of inflation. To
overcome this problem, capital stock data was deflated to 1980
values using the disaggregated index of capital stock estimated at
the Institute of Quantitative Economics, CASS, Beijing.” The
newly constructed capital stock data are given in Table 4.1 in
Appendix 4.

Compilation of these indexes involved breaking down the
investment undertaken in each of the industrial sectors into 147
components, deflating each of these components using State Sta-
tistical Bureau data and using these deflated components to form
a weighted price index for capital investment for each sector. This
was then used to deflate each year’s investment data to 1980
prices. The undeflated investment undertaken each year was then
subtracted from capital stock data, the newly deflated investment
data added back in, and depreciation subtracted, to obtain consis-
tently compiled real capital stock data (Chen et al. 1988b).

In addition, it is common for Chinese statistics on productive
enterprises’ capital stocks to include assets which are not directly
productive, but are instead related to worker welfare, such as
housing, clinics and childcare centres. At least one study of Chi-
nese productivity growth found that revaluation of capital stock
to take account of these factors raised the rate of total factor
productivity growth in Chinese industry to modestly positive
levels (Chen et al. 1988a).

There has been a rapid growth of output, employment and
investment in Xiamen industry over the past 10 years. The con-
stant (1980) yuan value of Xiamen's industrial output increased
306 per cent, from 292 million yuan in 1980 to 1.186 billion yuan in
1988. State industry’s output increased 181 per cent from 234
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million yuan to 657 million yuan. Collective industry’s output
rose 132 per cent to 134 million yuan. In the first five years of their
operation, the output of joint ventures rose from 6 to 396 million
yuan. Preliminary data for 1989, shown in Table 1.1 in Appendix
1, indicate that joint venture output soared to 794 million yuan in
1989. This was slightly higher than the output of all state-owned
firms in Xiamen for that year, 779.6 million yuan.’

This growth was achieved with massive injections of capital
and a more modest growth in the industrial workforce. The capi-
tal stock increased 385 per cent from 356 million yuan, in 1980 to
1.7 billion yuan in 1989 (both in 1980 prices). Employment, on the
other hand, rose only 117.7 per cent over the same period, from
83,500 to 181,200 workers. The capital intensity of production
techniques therefore increased by 230 per cent. As a consequence,
output per worker rose by 186 per cent, while output per unit of
capital employed (the capital output ratio) rose by 12.9 per cent,
over the 10 year period. The adoption of capital-intensive tech-
niques was most evident in the joint-owned firms, which were 57
per cent more capital-intensive than the average firm. High capital
intensity was much less common in the collective sector, which
were 56 per cent more labour-intensive than the state industrial
enterprises in Xiamen, and more than eight times more labour-in-
tensive than the joint ventures.

Over the reform period, all industrial sectors except construc-
tion and leather products became more capital-intensive. The
trend towards capital intensity was particularly marked in the
chemicals, textiles and garments industries. However, the per-
formances of individual industrial sectors varied widely, with
several, like construction products, food products, machinery,
metallurgy and printing and paper, showing strong growth in
output per unit of capital and labour and others, like leather
products, showing a strong decline in both.
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VL. Estimation of Output Elasticities
of Productive Factors

Panel data of cross-section (by industry and ownership) and time
series data were used to increase estimate faclor output elastic-
ities, the g estimated using Equation (2). The Xiamen input and
output data were disaggregated by industry, and within each
industry, by ownership type. Hence, to construct the panel data,
for each ownership type, data were pooled for the 10 industries,
Similarly, for each industry, panel data were constructed from
time series and cross-section data on that industry, pooled for the
three ownership types. This procedure effectively expanded the
data set from 10 to 25 observations for the industry data and from
10 to 100 observations for the firm ownership data.' Tests were
undertaken to determine if this procedure was valid, revealed an
absence of heteroscedasticity in the pooled data.

Initially, unconstrained factor output elasticities (), were es-
timated for a simple two factor Cobb-Douglas production func-
tion. Subsequently, these elasticities were re-estimated imposing a
constant returns to scale constraint. F-ratio tests were unable to
reject the hypothesis that the Cobb-Douglas production function
was subject to constant retumns to scale. In addition, the con-
strained Cobb-Douglas formulation was tested against the more
flexible unconstrained translog specification, and again, the F-
ratio test failed to reject the hypothesis that the constant returns to
scale Cobb-Douglas production function was the appropriate
specification (Table 2.1 in Appendix 2),

Lin (1991) also undertook F-ratio tests to determine the appro-
priate functional form for a production function fitted to national
level industrial data which was compiled by Chen et al. (1988a).
Lin’s tests indicated that a constant returns to scale Cobb-Douglas
production function is also the appropriate specification for this
national-level production data. Chen et al. also obtained this re-
sult, although they continued to quote the results of both the
Cobb-Douglas and translog specifications throughout the presen-
tation of their results.



172 Productivity, Efficiency and Reform in China's Economy

The output elasticities of capital and labour in Xiamen indus-
try, estimated from a constrained Cobb-Douglas production func-
tion, by ownership type and sector are compared to the factor
shares actually received by labour and capital in Tables 2 and 3.
For industry overall, the output elasticity for labour was found to
be 0.4, while that for capital was 0.6. The output elasticity of
labour in the state-owned sector was considerably lower than in
the collective and joint-venture sectors, possibly reflecting over-
manning in state industries.

A comparison of these estimates with those calculated for the
whole of Chinese industry by Chen et al. (1988a) indicates the
experience of Xiamen industry has been quite similar to that of the
rest of Chinese industry. Chen et al. estimated that the output
elasticity of capital varied from 0542 to 0.722 (depending on
whether a Cobb-Douglas or translog production function, respec-
tively, was used). The output elasticity of labour was between
0.458 and 0.278, for these two production function specifications,
respectively.

Inflation in capital goods prices since 1980 offers a possible
reason for the divergence in the capital output elasticities in the
different sectors, and in particular the negative capital productiv-
ity in some sectors. Jefferson (1990) maintained that large in-
creases in the price of capital goods have not been matched by
increases in the productivity of these capital goods. Using 1985
cross-section data on the iron and steel industry, Jefferson also
found that the greater the proportion of technical renovation cap-
ital in total investment undertaken by particular firms, the higher
the output elasticity of capital. He found that the output elasticity
of basic construction capital was not significantly different from
zero (Jefferson 1990). Such factors could well be driving the ob-
served differences in capital productivity in different sectors,
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Table2  Factor output elasticity (OE) and factor shares for Xiamen
industry by ownership, 1979-1988
OE Capital OE  Wage OE Capital OE Wage
capital share labour share  capital share labour share
Total State firms
1979 0600 0788 0400 0212 0.783 0790 0217 0210
1980 0600 0749 0400 0251 0.783 0754 0217 0.246
1981 0600 0762 0400 0238 0783 0759 0217 0241
1982 0600 0757 0400 0243 0783 0758 0217 0.242
1983 0.600 0742 0400 0258 0.783 0738 0217 0262
1984 0.600 0749 0400 0251 0.783 0746 0217 024
1985 0.600 0762 0400 0238 0.783 0763 0217 0237
1986 0600 0751 0400 0.249 0783 0748 0217 0252
1987 0.600 0702 0400 0208 0.783 0637 0217 0363
1988  0.600 0.689 0400 0311 0783 0598 0217 0402
Collective firms Joint firms

1979 0339 0778 0661 0222 0000 0000 0000 0000
1980 0339 0.733 0661 0.267 0000 0000 0000 0000
1981 0339 0774 0661 0.226 0.000 0000 0000 0000
1982 0339 0755 0661 0245 0000 0000 0000 0000
1983 0339 075 0661 0244 0.000 0000 0000 O0.000
1984 0339 0761 0661 0239 0419 0423 0581 0577
1985 0339 0647 0661 0353 0419 0905 0581 0095
1986 0339 0632 0661 0368 0.419 0867 0581 0133
1987 0339 0594 0661 0406 0419 0886 0581 0114
1988 0,339 0569 0661 0431 0419 0873 0581 0127
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Table3  Factor output elasticity (OE) and factor shares by industry Table 3 (Continued)
in Xiamen, 1979-1988

1983 0944 (892 0056 0.108 0676 0602 0324 0308

OE Capitatl OE Wage  OE Capital OE Wage 1984 0944 0908 0056 0092 0676 0634 0324 0366
capital share labour share  capital share labour share 1985 0944 0892 0056 0108 0676 0824 0324 0176
Chemicals Construction 1986 0944 0887 0056 0113 0676 0869 0324 0.131
1979 0620 0885 0380 0.115 0380 0835 0620 0.165 1987 0544 0879 0056 0121 0676 0832 0324 0.168
1980 0620 0863 0380 0137 0380 0764 0.620 0236 1988 0944 0879 0056 0121 0676 0826 0324 0.174
1981 0620 0869 0380 0131 0380 0802 0620 0.198 Machinecy S—
1982 0620 0873 0380 0127 0380 0778 0620 0222 1979 0135 0760 0865 0240 0452 0880 0548 0120
1983 0620 0867 0380 0133 0380 0857 0620 0143 1980 0135 0767 0865 0232 0452 0857 0548 0,143
1984 0.620 OR4] 0380 0159 0380 0866 0620 0.134 1981 0.135 0780 0865 0220 0.452 0854 0548 0.146
1985 0620 0752 0380 0248 0380 0750 0620 0250 1982 0135 0807 0865 0193 0452 0818 0548 0.182
1986  0.620 0.719 0380 0281 0380 0725 0620 0275 1983 0135 0795 0865 0205 0452 0780 0548 0220
1987  0.620 0797 0380 0203 0380 0631 0620 0369 1984 0135 0812 0865 0188 0452 0773 0548 0227
1988  0.620 0800 0380 0200 0380 0538 0620 0462 1985 0135 088 0865 0114 0452 0774 0548 0226
Textiles Forest products and furniture 1986 0135 0.883 0865 0118 0452 0786 0548 0214
1979 0637 0819 0363 0.181 0135 0891 0865 0.109 1987 0135 0830 0865 0170 0452 0678 0.548 0322
1980 0637 0759 0363 0241 0135 0861 0865 0.139 1988 0135 0822 0865 0.178 0452 0638 0548 0.632
1981 0637 0805 0363 0195 0135 0870 0865 0.130 Sarments piaoncoefhune
IE:; Eg 233 EE g-i:; g:;: gz?: g::; g-g: 1979 0042 0756 1042 0244 0627 0850 0373 0.150
: : : - : : : . 1980 -0.042 0748 1.042 0252 0627 0876 0373 0.124
1984 0.637 0617 0363 0383 0135 0879 0865 0121 1981 -0.042 0.662 1.042 0237 0627 0792 0373 0208
1985 0637 0791 0363 0309 0135 0723 0865 0277 1982 0042 0667 1042 0333 0627 0739 0373 0260
1986  0.637 0618 0363 0382 0135 0634 0865 0366 1983 -0.042 0657 1.042 0343 0627 0762 0373 0238
1987  0.637 0580 0363 0420 0135 0606 0.865 0.39% 1984 -0.042 0712 1.042 0288 0627 0816 0373 0.184
1988 0637 0618 0363 0382 0135 0603 0865 0397 1985 -0.042 0.582 1.042 0418 0627 0563 0373 0437
Food prodicts Metallurgy 1986 -0042 0474 1.042 0526 0627 0539 0373 0461
1970 0944 0913 0056 0081 0676 0554 0324 0446 1987 -0.042 0286 1042 0714 0627 0523 0373 0476
1980 00944 0905 0056 0095 0676 0404 0324 0.59 1988  -0042 0323 1042 0687 0627 0313 0373 0687

1981 05944 0908 0056 0092 0676 0490 0324 0510
1982 0.944 0907 0056 0.093 0.676 0.549 0324 0451
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Tables 4 and 5 attempt to show whether economic reform has
affected allocative efficiency in Xiamen industry. This is measured
by the extent of divergence of the factor shares and the output
elasticity of factors. Neoclassical price theory anticipates that, ina
perfectly competitive market, the ratio of factors’ marginal prod-
ucts will equal the ratio of their factor rents, which will also equal
the elasticity of substitution between the factors. This is equivalent
to the equality of the ratio of factor shares (labour share, ws :
capital share, ks) with the ratio of factor output elasticities, (£1/).
Hence in a perfectly competitive market,

& _ws
£ ks

£iks — gws = 0. (10)

Tabled  Economic efficiency'” of Xiamen industry
by ownership, 1979-1988

Total State Collective Toint
1979 -(L 187 -0.007 -0.440 0.000
1980 -0, 149 0,030 -0,395 0.000
1981 -0.161 0.025 -0.435 0.000
1982 -0.157 0.025 -0.416 0.000
1983 -0.142 0,045 0418 0.000
1984 -0.149 0.037 -0.423 -0.005
1985 0,161 0.020 -0.309 -0.487
1986 -0,150 0.035 -0.293 -0.448
1987 0,102 0146 0,256 -0.468
1988 -0.089 (0.185 -0.231 (1454

Mote: (1} Differcnce between the ratio of marginal productivity of capital
and labour and their factor shares. A figure of zero implies eco-
nomic efficiency in the remuneration and allocation of factors,
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Table 5 Economic efficiency and inefficiency"’ of Xiamen industry
by industry, 1980-1988

Chemicals Construction  Forest Food Metallurgy
products products products
1980 -(1.243 -.384 -0.726 0.039 0272
1981 -0.250 -0.423 .735 0.036 0.186
1982 -0.253 -0.39% 0771 0.037 0.127
1983 -0.248 -0.477 -0.783 0.052 0.075
1984 -.221 -[1.486 -0.744 0.035 0.042
1985 -0.133 -0.370 (1588 0,052 -(1L147
1986 -0.099 -1346 (1499 0.057 -0.193
1987 177 -[.251 -01.471 0.064 -0.155
1988 -{1.181 -1L159 (1468 0.065 -0.150
Machinery Paper Textiles Leather Garments
products products
1980 0.422 -0.405 -0.122 -0.248 -0.788
1981 0.409 -0.402 -0.167 -0.164 -(LE03
1982 0.382 -0.366 -(.093 0112 708
1983 0.393 -(1.329 -0.002 -0.134 -0.697
1984 0.377 -0.322 (1020 -0.189 -0.752
1985 0,303 -0.323 -0.053 0.064 -0.622
1986 0.305 -0.334 -0.019 0.088 -[L515
1987 0.359 -0.226 0.057 0.104 -0.326
1988 0.367 -0.186 0.020 3la -0.363

MNote: {1} Difference between the ratio of the output elasticity of capital
and labour and their factor shares.

Tables 4 and 5 give estimates of the expression in Equation
{10) as a measure of the allocative efficiency of Xiamen industry.
An estimate close to zero indicates a high level of allocative effi-
ciency, with the ratio of output elasticities of factors close to the
ratio of factor shares.



178 Productivity, Efficiency and Reform in China’s Economy

While overall, total Xiamen industry appears to exhibit good
allocative efficiency, with the estimated expression in Equation
(10) close to zero in most years, estimates disaggregated by firm
ownership type and sector indicate that there is a quite inefficient
allocation of factors in many sectors.

Interestingly, in the state-owned sector, the share of value
added claimed by factors is not greatly different from their output
elasticities at the beginning of the reform period. In recent years,
however, there has been a marked tendency for the wage share in
the state-owned sector to exceed labour’s output elasticity. This
may possibly be a result of the bonus leap-frogging discussed
previously, and the capacity of workers to pressure management
for a greater share of retained earnings. In the collective and
joint-foreign owned firms, the output elasticity of labour is consid-
erably greater than the share it receives of value added at the
commencement of the reform period. However, this divergence
has narrowed in recent years, as the wage share in total value
added has been increasing in collective and joint-foreign owned
firms. In fact, the wage rates in the joint-venture firms substan-
tially exceed those in state-owned ones, even though the wage
share in the latter is higher (Lin 1991).

The divergence of factor productivity and wage shares in the
two non-state sectors may be explained by the tendency of joint-
venture and collective firms to pay labour at prevailing wage
rates, which were in the early 19805 determined by productivity in
the still dominant state-owned sector, rather than on the basis of
labour productivity in the joint-venture and collective firms them-
selves. Also, these results may indicate that the omission of entre-
preneurial skill as a factor may introduce errors in calculating
output elasticities of labour and capital in the private sector.

Table 5 compares factors” output elasticities and their factor
shares for the 10 major industrial sectors. There is a reasonably
close correspondence between these two for the chemicals, food
products, machinery, metallurgy, textiles and leather goods in-
dustries, but a considerable divergence in the construction prod-
ucts, furniture and forest products, paper and printing and
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garments industries. However, the most striking feature of the
data in Table 5 is that, in almost every sector, allocative efficiency
has improved substantially during the reform period. It seems
highly likely that this improvement in allocative efficiency has
occurred as a result of the economic reform process.

VII. Total Factor Productivity Growth

Tornqvist indexes of total factor productivity growth were con-
structed from 1980-1989 data for all Xiamen industries in each of
the different ownership categories — state, collective and joint
venture — and each of the major industry sectors. For the reasons
discussed above, the constrained Cobb-Douglas production func-
tion estimates of factor output elasticities, rather than factor
shares, are employed in constructing these Tornqvist indexes of
total factor productivity growth. The results of this estimation are
given in Tables 6 and 7 below. However, for comparative pur-
poses, total factor productivity indexes are also estimated using
the traditional factor shares method (Tables 3.1 and 3.2 in Appen-
dix 3).

Table 6 shows the estimated indexes of total factor productiv-
ity growth for each of the different categories of ownership over
the period 1981-1988. Estimates of total factor productivity
growth in Table 6 are used to calculate the indexes of total produc-
tivity for Xiamen industry in Table 7. These indexes are con-
structed by employing the normal convention of designating total
factor productivity in the commencing year of the analysis as
unity.’

Table 6 indicates that on average overall total factor produc-
tivity growth in Xiamen’s industrial sector appears to have been
quite high, at 5.7 per cent per annum over the eight year period to
1988. The average performance for the reform period is lowered
by the fact that in two of the nine years, 1986 and 1987, there is
actually negative total factor productivity growth. That is, the
weighted growth of inputs exceeds the growth of output in these



180 Productivity, Efficiency and Reform in China's Economy

years. Table 7 indicates that the index of total factor productivity
rises 46 per cent between 1980 and 1988.

Table6  Total factor productivity growth performance'”’ of Xiamen
industry by ownership type, 1981-1988 (%)
Tatal State Collective Joint
1981 6.09 6.75 6.21 0.00
1982 4.47 7.04 -6.37 0.00
1983 1.52 0.41 1.50 0.00
1984 16.57 19.16 799 0.00
1985 18.18 5.53 15.52 121.25
1986 -1.83 -16.33 (.56 -19.97
1987 -1.96 -8.38 -1.69 -30.35
1988 14.96 16.33 16.67 838
Av B0-83 4.0 474 2.45 NA
Av 84-88 6.78 )26 7.81 15.86
Av BD-88 57 38 5.8 NA

Mote: (1) Estimated total factor productivity weights.

Table 7 Indexes of total factor productivity growth of Xiamen
industry by ownership, 1980-1988

Total Stale Collective Joint
1980 1.000 1000 1.000 MA
1981 1.060 1.067 1.062 MNA
1982 1.105 1.137 0,998 MA
1983 1.120 1.142 1.073 MNA
1984 1.286 1.333 1.153 1.000
1985 1. 464 1.388 1.308 1.657
1986 1.389 1.225 1.314 1.457
1987 1.310 1.141 1.297 1.154
1988 1.460 1.305 1.464 1.238
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Productivity of state firms improves quite strongly, averaging
3.8 per cent per annum over the period, from 1981 to 1988. The
index of total factor productivity in the state-owned sector in-
creases by 30.5 per cent over the nine years from 1980 to 1988.
However, in 1985, prior to the 1987 recession, the total factor
productivity index in the state sector has risen to 1.39, before
falling to 1.14 in 1987. That is, a 39 per cent increase in productiv-
ity has been achieved between 1980 and 1985, but by 1987 many of
these gains have been dissipated and productivity has fallen to its
1983 level.

The collective firms achieve somewhat higher average pro-
ductivity growth, 5.8 per cent per annum, over the same period.
The index of total factor productivity of the collective sector rises
46 per cent over the nine years to 1988. The rather erratic total
factor productivity growth of the joint-venture firms can be ex-
plained by the fact that from 1984 to 1986 there is only a relatively
small number of newly established joint ventures in Xiamen, and
these are undertaking lumpy investments. However, over their
five years of operation, the joint-venture firms have achieved re-
markable productivity growth, averaging 15.9 per cent per
annum. As this sector has become more significant in Xiamen's
economy, its strong performance has made a significant impact on
the overall productivity performance of Xiamen's industrial sec-
tor. The index of total factor productivity of the joint sector grows
by 23 per cent in three years.

Hence, the productivity growth of non-state industry appears
to have increased since the SEZ was established in 1984. In the
period 1980 to 1983, its productivity grows at 4 per cent per
annum, while after 1984 the annual growth of total factor produc-
tivity rises to 6.78 per cent per annum. The establishment of joint-
foreign owned firms after 1984, with their higher productivity
growth, contributes significantly to this improvement, but the
collective sector also records higher total factor productivity
growth after 1984,

Tables 3.1 and 3.2 in Appendix 3 give estimates of total factor
productivity growth in Xiamen industry, using actual factor
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shares of labour and capital as the weights in the Tornqvist index.”
Using factor shares as the weights for estimating Torngvist in-
dexes of total factor productivity growth, the productivity perfor-
mance of Xiamen industry appears to be somewhat lower than if
estimated factor output elasticities are used. The state-owned sec-
tor appears to do slightly better using this methodology, and the
collective and particularly the joint-owned sectors worse than
when directly estimated marginal productivities are employed.
However, theoretically, there is no justification for using factor
shares as proxies for the output elasticity of factors unless there
are perfect or close to perfectly competitive factor and goods
markets operating.”

Table 8 gives the total factor productivity growth perfor-
mance in the eight major sectors of Xiamen industry. Once again,
estimates are made using Torngvist indexes employing weights
equal to the directly estimated output elasticity of factors. Table 9
examines the indexes of total factor productivity of the 10 indus-
trial sectors. The indexes of total productivity of all industrial
sectors except chemicals, rose over the nine years. In the metal-
lurgy sector, total factor productivity rose by an astounding 408
per cent, the machinery sector’s rose by 242 per cent, while in the
textiles sector total factor productivity rose by a more modest 17
per cent, The leather sector apparently suffered a 62 per cent drop
in productivity in 1981, but this may well indicate an error in the
data for that year. Hence the index of factor productivity for
leather is calculated beginning in 1981.
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Table8  Total factor productivity growth performance'” of Xiamen
industry by sector, 1981-1989 (%)
Chemicals Construclion  Forest Food Moetallurgy
products products  products
1981 -8.35 21.87 7.01 5.24 -2.69
1982 13.68 -1.24 44,35 14.47 12.85
1983 4.39 34,12 2016 097 17.78
1984 -0.57 21.65 -26.77 24.54 -15.84
1985 -2.44 -25.13 -50.82 6,70 126.99
1986 294 1.54 -18.41 -3.06 46.87
1987 -24.4] -28.82 2.63 -17.63 -17.74
1988 12.21 10,89 24.57 11,10 60.67
1989 -6.13 -37.67 -35.25 -B.06 (.56
Av BD-83 3.4 2492 23.99 6.89 9.31
Av B4-88 -245 -3.58 -13.76 433 41.99
Av 80-89 -0.96 2.13 -3.56 kX | 26.49
Paper Textiles Garments  Leather  Machinery
products products praducts
1981 6.37 27.44 571 -62.85 0.0%4
1982 -10.00 -24.17 -25.87 -18.69 0.239
1983 -12.72 -19.51 10.11 15.95 0.057
1984 10.43 13.01 28.02 30.67 0.046
1985 30.96 18.65 -16.81 -38.27 0.758
1986 13.27 -14.14 -2.92 14.56 0.139
1987 -37.89 -22.25 -10.81 4.00 -0.291
1988 11.85 28.55 13.26 -18.94 0,126
1989 2271 -30.22 40.19 15.28 0.267
Av B0-83 -5.45 -5.40 2235 -21.86 0127
Av 84-88 572 4.76 215 -1.59 0.156
Av B0-89 3.89 -2.51 4.88 -6.47 0.158

Mote: (1)

Estimated total factor productivity weights.
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Table 9 Indexes of total factor productivity growth of Xiamen The apparently rapid productivity growth of the machinery
Industry by industry, 1980-1989 sector may be explained by the inflation of machinery prices since
1980, noted in Jefferson (1920). Although this should be corrected
Chemicals Construction  Forest Food Metallurgy for by the sector specific price indexes used to deflate output data,
o e SO e it is unlikely that these indexes could capture the effects of spuri-
1980 1.000 1.000 1.000 1.000 1.000 ous product reclassification. The practice of firms claiming that
1081 0.917 1219 1070 1052 0973 they have produced a new product, when in fact it is only a slight
1982 1.053 1,206 1.514 1.197 1102 modification of an old one, has aPPﬂI'Eﬂﬂ}’ been WldE]}" used h}l’
1983 1.097 1,748 1.720 1.207 1.279 firms to ir_lcrease tl:lﬂI prices abmre 5talre contmllec{ levels. Hence
1984 1.092 1.984 1.452 1.452 1121 the rapid increase in prodt:'lchvﬂ'}r in 1th15 {and [Emssabl}: th!e metal-
198S e i) 0944 1510 2391 lurgy sector) could be partially explained by this practice.
1986 1.097 1.748 0.760 1.489 2.860
1987 0.853 1.460 0.786 1312 2.682 VIII. Sources of Total Factor Productivity Growth
1988 0.975 1.569 1.032 1.423 3379
1989 0.975 1.569 1277 1.534 4.075 In an attempt to determine the sources of productivity growth and
Paper Textilet  Garnents:  Leathér  Machinery the causes of poor productivity pe_rt’nrmance, where it occurred,
products products  products pooled data on total factor productivity growth was regressed on
1980 1.000 1.000 1.000 1,000 1.000 arange of explanatory and dummy variables, as outlined in Equa-
1981 1 064 1275 1.087 0.999 1.083 tion (9). Remsim were run on Torngvist indexes of annual h:fial
1982 0.964 1033 0.828 0813 1322 factor productivity growth, constructed from pooled cross section
and time series data for each industry, and for each form of firm
1983 0.837 0838 0.930 0.942 1.380 } ; 1
ot e Hoa - P o c:wr_s.ersh;p. The explanatory variables mr:']uded vectors of :dummy
variables constructed for each of the different ownership types
G 1230 Li4 ot e 210 and industry sectors, the years of the different policy regimes
1986 19i 1013 — 0.870 2322 (prior to and since 1984, when the special economic zone was
1987 1.004 0.791 0.904 0.905 2.031 established in Xiamen) and macroeconomic settings, (the reces-
1988 123 1.076 1.037 0,734 2157 sion year, 1989). In addition, the capital intensity of sectors and
1989 1.241 1.362 1170 0.846 2424 industries was included as a potential explanatory variable of

total factor productivity growth.

The results of this estimation are given in Table 10. The
dummy for the textiles industry was dropped from the estimation
because its productivity growth was closest to zero. Hence the
coefficients reflect the productivity performance of each sector
relative to that of the textiles. The regression results indicated that
if a firm was collectively or joint-foreign owned, it was likely to
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have considerably higher productivity growth than if it were a
state-sector firm. The expected TFP growth, (in excess of the tex-
tiles sector’s) of the collective- and joint-owned sectors was 3.2
and 16.3 per cent respectively, while that of the state sector was 2.8
per cent per annum. However, the low t-statistics indicate that
none of the coefficients on the ownership dummies was statisti-

cally significant.

Table 10 Sources of TFP growth of Xiamen industry, 1980-198%

Variable Coefficient t-stat
Ownmhipm
State firms 0.028 0.228
Collective firms 0,032 0.296
Joint firms 0.163 0.920
Industries
Chemicals -0.040 -0.305
Construction 0.045 0.394
Forest products -0.015 -0.136
Food processing -0.016 0,132
Machinery 0.180 1.659
Metallurgy 0307 1.522
Paper and printing -0.056 0.627
Garments 0.068 -0.340
Leather products 0044 -0.146
Capital labour ratio -0.020 -(.185
SEZ policy 1984-1988 0.009 -0.146
Macro policy (1989) -0.173 -1.840

Note: (1) The base case is the textile sector productivily growth.
R®=0.129; DW Star = 2.35.
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Similarly, while the total factor productivity performance of
the different industrial sectors generally reflects the findings in
Table 7, only the coefficients for the metallurgy and machinery
industries, which experienced very high total factor productivity
growth, were significant at even the 12 per cent confidence limit.

Among the other explanatory variables, the capital intensity
of techniques employed, proxied by the capital labour ratios of the
sectors concerned, had a small negative coefficient, indicating that
the capital intensity of production techniques may have had a
negative influence on productivity growth. On the other hand, the
dummy variable constructed to capture policy regime changes
associated with the introduction of the special economic zone in
1984 had a small positive coefficient, equivalent to a 0.9 per cent
increase in productivity growth. However, once again, neither of
these coefficients was significant. The dummy variable con-
structed to reflect the tight macroeconomic settings of 1989 was
negative, equivalent to a 17 percentage point drop in productivity
and was highly significant.

Hence, the major influences on total factor productivity
growth in Xiamen industry appear to be the micro and macroeco-
nomic policy regimes operating in Xiamen and China as a whole.
The establishment and growing importance of new forms of firm
ownership, foreign joint ventures and collectively owned firms,
has obviously improved the overall productivity performance of
Xiamen industry. The increasing relative role of these higher pro-
ductivity growth sectors appears to be the main reason for the
improved overall productivity performance in Xiamen industry
since 1984

From the data available, it is difficult to determine whether
any of the improved productivity performances of collective and
foreign owned firms since 1984 was a result of new technologies
adopted in the huge wave of investment experienced in Xiamen.
However, the limited evidence available regarding the impact of
adopting more capital-intensive technologies indicates that they
may not have had a positive influence on total factor productivity
growth. Possible explanations for this small negative influence
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may well be the inflation in capital goods prices, discussed pre-
viously or the failure to undertake adequate financial and eco-
nomic analyses of new investment proposals as a result of the soft
budget constraint on state owned firms.

The extent to which the establishment of the special economic
zone in itself has helped improve factor productivity will also be
examined in the following sections, by comparing the perform-
ance of Xiamen with that of Shanghai, one of the coastal cities.
Beijing, which did not benefit from these preferential policy re-
gimes, is used as a control.

The increasing openness of the Xiamen economy could well
have had a beneficial impact on productivity growth in the export
sector, or on the Xiamen economy in general, as has been found in
studies of some other countries (including Nishimizu and Page
1986; Krueger 1978, 1983; Tyler 1981; Feder 1983).

Unfortunately, data on the destination of output from the
various industrial sectors in Xiamen have only been made avail-
able since 1988, and changes in their export orientation over time
cannot therefore be compared with their productivity growth.

IX. Sources of Industrial Output
Growth in Xiamen

The sources of industrial output growth in Xiamen industry are
disaggregated in Table 11. Total factor productivity for industry
overall increased 12 per cent between 1980 and 1983, or an average
of 3 per cent per annum (see Table 7). Hence, of the 26.75 per cent
growth in real industrial value added achieved between 1980 and
1983, 14.7 per cent could be attributed to the growth in labour, and
capital inputs growth in total factor productivity was a substantial
12 per cent over four years, (3 per cent per annum), which repre-
sented 45 per cent of the total growth. Of the growth due to the
increased use of input factors, 32.5 per cent was due to increased
capital stock and only 13.5 per cent to the increased size of the
workforce employed.
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Table 11  Sources of growth of Xiamen industry, 1980-1988 (%)

Percentage growth Contribution to
growth from
Output Labour Capital  Factor  TFP
inputs
Total industry
Percentage growth 26.75 9.04 14.57 14.67 12.08
1980-1983
Average annual growth 6.7 23 36 3.7
Percentage of growth 100,00 13.52 32.69 5484 4516
Growth 1984-1988 162.20 39.16 199.51 12828 3392
Average annual growth 324 78 399 257 6.8
Percentage of growth 10000 911 69.93 79.09 20,91
State enterprises
Percentage growth 2750 1138 10.51 1070 14.21
1980-1983
Average annual growth 6.9 28 2.1 21 28
Percentage of growth 100.00 1650 2285 48.52 5148
Growth 1984-1988 RS 1541 10800 62.58 1630
Average annual growth 15.8 37 21.6 12.5 i3
Percentage of growth 100,00 3.60 75.66 7933 20,67
Collective enterprises
Percentage growth 2333 4.69 36.67 1598  7.35
1980-1983
Average annual growth 26 1.2 9.17 400 184
Percentage of growth 100,00 805 9432 68.51 31.49
Growth 1984-1988 6998 1137 55.04 92 39.06
Average annual growth 14.0 23 1.0 6.2 1.8
Percentage of growth 10000 151 20.8 44,19 5581
Joint enterprises
Growth 1984-1988 5879.64 94705 9980.04 580033 7932
Average annual growth 11759 1894 19978 1160.1 1.5
Percentage of growth 10000 1140 87.25 98.65 1.35
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In the period from 1984 to 1988, the growth in industrial
output accelerated considerably, by 162 per cent over the five
years, and over this period the absolute contribution of productiv-
ity growth to this total increased to 32.4 percentage points, or 6.8
percentage points per annum. However, the relative contribution
of TFP growth was swamped in this huge growth of factor inputs,
and its relative contribution to total growth declined to 21 per
cent. The growth of capital assets contributed a huge 70 per cent of
total growth and labour’s contribution declined to only 9.1 per
cent of total growth. The situation in the state sector was very
similar to this overall position, except that after 1983 labour
growth contributed an even lower proportion of total output
growth, 3.6 per cent, and capital a higher proportion, 75.7 per cent.

In collective sector firms, productivity growth contributed a
substantially higher proportion of total output after 1983, 55.8 per
cent of output, than either of the other two sectors. In joint enter-
prises, although the relative contribution of TFP growth was
smaller, only 1.35 per cent, its absolute contribution, 15.9 per cent
per annum, was much higher than for the state or collective sec-
tors.

X. Beijing's Industrial Output and Factor
Productivity Growth

In order to compare the performance of Xiamen'’s industrial sector
with that of other industrial areas in China, output and productiv-
ity growth in the Beijing and Shanghai state-owned industrial
sectors have also been analysed. Data were disaggregated for
seven major sectors: chemicals, construction materials, machinery
and metal products, furniture and forest products, food beverages
and tobacco products, textiles and paper. Unfortunately, separate
data on collective- and joint-owned firms were not available, but
these sectors form a much smaller proportion of total output and
investment in these cities than in Xiamen.
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Basic data on real net output, labour and real capital stock
inputs, single factor productivity and capital labour ratios in Beij-
ing state-owned industry between 1982 and 1988 are outlined in
Table 1.3 in Appendix 1. While the total value of real output (in
1980 prices) in the seven sectors examined increased almost 42 per
cent over this period, the size of the workforce also rose almost 19
per cent and the deflated value of the capital stock increased a
hefty 67 per cent. Beijing’s industrial capital stock was also reval-
ued using the methodology described in the previous sections,
and the new capital stock deflators constructed by the Institute of
Quantitative Economics, CASS.

Table 1.3 indicates that while labour productivity fluctuated,
it had risen almost 20 per cent by the end of the period. On the
other hand, capital productivity fell by 22 per cent as the capital
intensity of production increased. The capital intensity of Beijing
industry rose 45 per cent between 1982 and 1988.

Tornqvist indexes of total factor productivity growth were
estimated for each of the seven major sectors, using Equation (6).
The weights used in the calculation of total factor productivity
growth were the constrained factor output elasticities, estimated
for each industry from a Cobb-Douglas production function. Asin
the case of the Xiamen data, this functional form was found to best
describe the Beijing production data. Tables 12 and 13 outline the
total factor productivity growth and index data for Beijing indus-
try. Total industry total factor productivity indexes were calcu-
lated as the weighted average of the industry indexes.
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Table 12 Total factor productivity growth of Beijing industry
by industry, 1984-1988

Chemi- Con- Forest Food Machin- Paper Textiles
cals  struction products products ery  products
1984 0075 -0.023 0.001 0.159 0.152 -0.035 -0.184
1985 0026 -0.130 -0.698 -0.195 0.081 0227 0111
1986 0026 -0.043 0.157 0035 0224 0.087 -0.157
1987, -0.022 -0.001 0.017 -0.079 0010 -0.190 -0.101
1988 0052 -0.074 0.112 0.126 0.104 0.053 0.013

Table 13 Total factor productivity growth indexes of
Beijing industry, 1983-1988

Total Chemi- Con-  Forest Food Machin- Paper Textiles
cals struction products products  ery  products

1983 1000 1000 1,000 1000 1000 1000 1000 100D
1984 0989 0925 0977 1021 1159 1152 0965 0816
1985 0671 0951 0847 0323 0965 1233 0738 097
1986 0750 0978 0804 0480 1000 1009 0825 0770
1987 0708 0956 0803 049 0921 1019 0635 0699
1988 0741 0903 0730 0609 1.047 1123 0688 0.682

Table 13 indicates that the weighted total factor productivity
index of Beijing’s state-owned industry sector declined over the
period 1983 to 1988, falling in total by 26 per cent, or over 4 per
cent per annum. This performance compares poorly with that of
industry in Xiamen, which had a 39 per cent increase in productiv-
ity between 1983 and 1988, Even state-owned industry in Xiamen
achieved a 16 per cent improvement in its productivity over this
period. The large machinery and metal products industry and the
food products industry were the only two industries to exhibit
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any total factor productivity growth, 12 and 5 per cent respec-
tively over the six-year period. All other sectors experienced a fall
in total factor productivity, ranging from 10 to 39 per cent.

XI. Shanghai’s Industrial Sector Performance

The growth of real net output, real capital stock and labour inputs
as well as the capital intensity of production in Shanghai’s state-
owned industry over the period 1984 to 1988, is outlined in Table
1.4 in Appendix 1. These data indicate that while the value of total
real output grew by only 4.25 per cent over the four years to 1988,
employment also grew, by 5 per cent and the real value of the
capital stock increased by a substantial 47 per cent. Hence labour
productivity declined by 6.5 per cent and capital productivity
dropped by 29 per cent. The capital intensity of production on the
other hand increased by 40 per cent, over the four years to 1988.

Tornqvist indexes of total factor productivity growth were
constructed for Shanghai's state-owned industries over the period
1985-1988, as disaggregated data on inputs and outputs by indus-
try have only been available since 1985. The same seven sectors
examined in Beijing were analysed, and the same methodology
was employed to construct these indexes. Marginal productivities
for labour and capital were estimated directly using constrained
Cobb-Douglas production functions for each sector.

The estimated total factor productivity growth and indexes of
total factor productivity are given in Tables 14 and 15. Table 15
indicates that only three of the seven sectors examined managed
to improve their total factor productivity over the four-year pe-
riod (food processing, furniture, forest products and machinery).
The weighted total factor productivity of the total industrial sector
declined slightly to 0.99 after four years. That is, total factor pro-
ductivity in Shanghai’s state-owned industry was virtually stag-
nant over this period.
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Table 14 Total factor productivity growth of Shanghai industry
by industry, 1986-1988

Chemi- Con- Forest  Food Machin-  Paper  Textiles
cals  struction products products  ery  products
1986 0042 0035 0023 0072 0071 0091 -0.082
1987 0037 -0022 0000 -0087 -0.023 -0016 0021
1988 0041 0,001 noed 0071 0073 0076 0.036

Table 15 Total factor productivity growth indexes of
Shanghai industry, 1985-1988

Total Chemi- Con- Forest Food Machin- Paper Textiles

cals  struction products products  ery  products
1985 1000 1.000 1.000 1000 1000 1000 1.000 1000
1986 0973 0958 0965 1023 0928 0929 0909 (918
1987 0914 0922 0943 0924 0841 0906 0594 0938
1988 0992 0962 0.941 1.018 L2 0980 0969 0974

The productivity performance of Shanghai’s state industries
appears to have been rather similar to that of Xiamen's total in-
dustrial sector (state, collective and joint venture), over the diffi-
cult period 1985 to 1988, which included two poor productivity
years, 1986 and 1987. Its performance was superior to Xiamen's
state sector and rather similar to Beijing’s performance over this
same period. However, its performance was inferior to that of the
non-state sector in Xiamen. However, the shortness of the data set
makes it difficult to draw definitive conclusions at this point.
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XII. Chinese Industrial Productivity Growth

Finally, the productivity performance of the three industrial cities
was compared with that of Chinese state-owned manufacturing
industry, over the reform period, 1980 to 1989. Tornqvist indexes
of total factor productivity growth were calculated using the same
methodology as employed for the regional case studies.” Tables 16
and 17, respectively, give estimates indexes and indexes of total
factor productivity growth in China’s state industry, by the same
seven major manufacturing industries.

Table 17 indicates that the performance of different sectors
varied widely. As in the three city studies, productivity again
appears lo have risen significantly in the machinery and metal
products industry. It has been stagnant in chemicals and food
products but has declined in the construction products, forest
products and fumniture, textiles and paper products sectors.
Closer examination of the input and output data in these indus-
tries reveals that this poor performance was due almost entirely to
rapid increases in capital investment which were not matched by
equivalent rises in output.

Table 16 Total industrial factor productivity growth of
Chinese industry, 1982-1989

Chemi- Con- Forest  Food Machin- Paper  Textiles
cals  struction products products  ery  products

1982 -0.072  -0057  -0.0T1 0013 0091 0015 0.004
1983 0.062 0066 -0002 0007 0022 0004 -0.147
1984 0.000 0039 0052 0014 0153 0032 0008
1985 0081 0073 0030 0005 0048 0098 0151
1986  -0.243 0018 -0238 -0095 0313 -0328 .0312
1987 0.031 0001 0037 0009 0192 0026 -0.058
1988 0073 -0055 0008 0043 0.02] 0016 0.058
1989 0043 -0.204  -0.057  -0.03] 0121  -0.068 -0.035
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Table 17  Index of total industrial total factor productivity growth of
Chinese industry, 1981-1989

Total Chemi- Con- Forest Food Machin- Paper Textiles
cals struction products products ery  products

1981 1.000 1000 1000 1000 1000 1000 1.000 1.000
982 0922 0928 093 0929 1013 0909 0885 1,004
1983 0.935 0989 1L.00% 0927  1.021 0931 (884 0858
1984 1000 1.079 1048 0978 1.034 1085 0920 0865
1985 1.037 L160 0975 1008 1039 1036 1018 1.007
1986 0866 0917 0993 0770 0944 1349 069 0705
1987 0839 098 099 0734 0953 L1157 0716 0647
1988 0858 1.021 093 0742 09% 1179 0732 0.705
1989 0814 0978 (735 0684 0965 1300 0664 0.671

Total factor productivity growth for overall industry was cal-
culated as the weighted average of the total factor productivity
growth for each sector. This weighted average estimate indicates
that there has been a 19 per cent decline in Chinese
manufacturing’s total factor productivity over the nine years from
1981 to 1989. This performance has been somewhat better than
that of Beijing’s state-owned sector (for the period 1983 to 1989),
but inferior to that of Shanghai's state-owned sector, operating in
the coastal city environment, and enjoying numerous other ad-
vantages due to the concentration of industry, economies of scale,
availability of a skilled workforce and access to foreign technol-
ogy. On the other hand, the performance of the state-owned,
collective and joint-foreign owned sectors in Xiamen has far ex-
ceeded the overall performance of state-owned industry in aggre-
gate throughout China.
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XIII. Conclusions

The study finds that there has been a strong rise in the rate of total
factor productivity growth in Xiamen during the reform period
since 1980. While the relative growth of joint-venture and collec-
tive firms has contributed significantly to this overall performance
over the decade, the state sector has also performed much more
strongly than in other industrial cities, like Shanghai and Beijing,
and Chinese industry overall.

The analysis of Shanghai’s industrial sector’s productivity
growth was for a shorter period, due to data constraints. State-
owned industry there did considerably better than did the state-
owned sectors in Beijing or China overall over this period, even
though total factor productivity was stagnant. Hence the only
firms analysed which actually increased their total factor pro-
ductivity, were the state-, joint- and collective-owned firms in
Xiamen. Within Xiamen, the non-state sector performed signifi-
cantly better than did the state sector. Hence, the evidence appears
to support the hypothesis that the industrial sector reforms of the
1980s assisted in improving productivity performance in the spe-
cial economic zone of Xiamen, where these policies were im-
plemented more vigorously and possibly prevented a decline in
productivity in the open city of Shanghai. However, overall, in the
Chinese manufacturing sector, while productivity generally im-
proved in the first half of the 1980s, this was not the case in the
latter half of this decade.

The possible reasons for this slowing of productivity growth
during the latter half of the reform period include the stop-go
macroeconomic policies pursued and the slowing progress of re-
form in many areas, which were discussed in the previous section.
The macroeconomic policies pursued have had a particularly seri-
ous impact on productivity in the state sector, where there is little
flexibility to vary labour and capital inputs. However, recent an-
nouncements from Beijing and the provinces indicate that there is
support for accelerated reform in the industrial sector. Hence, the
1990s may well show a pick up in productivity performance.
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Notes

1. Inearly 1990, restrictions were placed on the access of Chinese
firms in the special economic zones to foreign exchange (Wall
1990).

2. [Estimation undertaken by Zheng Yuxin, Institute of Quantita-
tive Economics, CASS, Beijing.

3. These data have not been used in the productivity estimates
for firms of different ownership, as the method of their com-
putation by the SEZ Yearbook does not appear to be compati-
ble with the Xiamen Almanacs (used for 1980-1988), for the
data disaggregated by ownership.

4. The estimates of the factor elasticity of output of the whole of
Xiamen industry were made using a larger sample of pooled
cross section and time series data, disaggregated by owner-
ship and industry sector (250 observations). This approach
produced unconstrained regression coefficients for the output
elasticity of labour (0.408) and the output elasticity of capital
(0.612). Unconstrained estimates were virtually identical to
the constrained estimates (0.39995 and 0.60005, respectively).

5. It is not possible to employ absolute measures of total factor
productivity because labour and capital inputs are measured
in different units; numbers of workers and value of capital
stock, rather than comparable units, such as the cost of capital
and labour,

6. The share of labour is derived from the wage bill paid by the
sector each year, divided by net value added; the share of
capital is just estimated as one minus the wage share. In the
state sector this may be a substantial underestimate, as it does
not include the cost of enterprise-provided housing and other
services. As discussed above, the rationale for using factor
shares as proxies for factor output elasticities is the assump-
tion that factor and goods markets are competitive, and fac-
tors are employed up to the point where their marginal
revenue product equals the rent received by the factor.
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7. Hence, the extent of divergence of the factor shares and the
output elasticity of factors, that is, estimated allocative ineffi-
ciency, explains the difference in the estimates of total factor
productivities in Tables 7 and 3.1 and Tables 9 and 3.2.

B. Discussions with Professor T. Rawski, June 1992,

9, Estimates were made of the output elasticity of factors from
constrained Cobb-Douglas production functions for each
major industrial sector. These estimates of the output elastici-
ties of capital and labour were then used as weights in calcu-
lating the Tomqvist indexes of total factor productivity
growth, and total factor productivity indexes.
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Table 1.1 {Continued) Table 1.2 Output, employment and capital stock of Xiamen industry
by industry, 1980-1989

Caollective industry

1980 770 20217 5528 0197 1.043777 0.189205 Output  Employment Capital K QL KL
1981 6431 30343 5889 0211 1092155 0.194081 stock
1982 6413 30807 6842 0208 0937401 0222092 (¥10,000) (No.of (¥10,000) (V¥  (¥10.000/ (¥10,000/
1983 7115 30588 7555 0232 0941880 0.246992 workers) capital)  worker)  worker)
1984 7853 20944 8323 0262 0943626 0277952 Chemicals
1985 9839 31017 9560 0317  1.029236 0308218 1980  S848.85 11326 5328 0516 1097 0470
1986 10324 32654 9801 0316 1.053382 0.300147 19581 G671.54 12114 7233 0.550 0.922 0.597
1987 10830 34347 10751 0315 1007432 0313011 1982 777085 12595 7244 0616 1072 0575
1988 13350 33349 12004 0400 1034563 0.386938 1983 8365.12 12992 7457 0643 LI21 0573
1989 14931 67142 12644 0222 1.180952 0.188317 1984 855322 13794 7520 0620 1137 0.545
Joint industry 1985  9663.16 18472 7962 0523 1213 0431
1984 66210 2321 438 0285 1511644 0.188712 1986 1072505 19441 8706  0.551 1231 0447
1985 11793.10 5674 6782 2078 1738882 1.195277 1987  16647.00 19844 25899 0838 0642 1305
1986 1809250 9711 14400 1863 1256424 1.482854 1988 2666100 23844 40624 1118 0656 1703
1987 2435250 16229 29624  1.500  0.822053 1.825374 1989 2720451 24249 45853 1121 0593 1890
1988 3959120 24302 44190 1629 0895931 1.818369 Construction products
19890 7943200 33219 49586 2391 1601904 1.492700 1980 155755 5306 3788 0293 0411 0713
1981 211624 5968 3934 0354 0537 0659
1982 214014 6151 3981 0347 0537 0647
1983 3803.19 6447 4029 0589 0943 0624
1984 510096 7045 4047 0724 1260 0574
1985 482940 9459 4182 0510 1154 0442
1986 493189 9065 4552 054 1083 0502
1987 347800 7821 4942 0444 0703 0631
1988 4483.00 9692 5085 0.462 0.881 0.524
1989 301300 9354 5105 0322 059 0545
Forest products and furniture
1980 1665 510 0475 1551 0306

1981 824.85 1611 511 0.512 1.614 0.317
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Table 1.2 (Continued) Table 1.2 (Continued)
1982 125891 1570 517 0.801 2435 0.329 Paper products
1983 1503.02 1500 559 1.002 2.688 0.372 1980  1943.59 4024 927  0.483 2.096 0.230
1984 1241.74 1625 591 0764 2.101 0.363 1981  2377.34 5075 040 0468 2,505 0.186
1985 1014.54 2300 616 0441 1.646 0.267 1982 2458.54 5879 1067 0418 2304 0.181
1986 797.23 2123 675 0375 1.181 0.317 1983  2536.62 6721 1288 0377 1.969 0.191
1987 757.00 1928 702 0392 1078 0.364 1984 311479 7536 1402 0413 2221 0.186
1988  1069.00 2026 1067 0527 1.001 0.526 1985 474336 8618 1523 0.550 3114 0.176
1989 722.95 1891 1247 0382 0.579 0.659 1986  SR30.S 8753 1759  0.666 3314 0,200
Footwear 1987  4562.00 9224 2218 0.494 2.056 0,240
1980 9496.37 12268 7485 0774 1.268 0.610 1988  5203.00 B854 2399  0.587 2.168 0.270
1981  10140.79 12507 7582 0810 1.337 0.606 1989 596875 6380 2926 0.935 2.039 0.458
1982 1180174 13635 7599  D.865 1.553 0.557 Textiles
1983 12641.82 15648 B024 0807 1.575 0.512 1980  2868.00 8831 3724 0324 0,770 0.421
1984  17795.14 15829 EEBZ  1.124 2.003 0.561 1981 3900.10 9556 3747 0408 1.040 0.392
1985  21944.45 18068 10250 1.214 2.140 0.567 1982 314890 10033 3807 0.313 0,827 0.379
1986  26026.25 18454 12669 1410 2.054 0.686 1983 2718.00 10254 4054 0265 0.670 0.395
1987  27499.00 19300 16145 1,424 1.703 0.836 1984 312170 10376 4080 0300 0.765 0.393
1988 37148.00 20094 10692  1.84% 1.886 0.979 1985  3950.10 8934 4797 0442 0.823 0.536
1989  35374.50 21419 20288 1651 1.743 0.947 1986  4105.80 9458 6160  0.434 0.666 0.651
Metallurgy 1987  4124.40 9792 8624 0421 0.478 0.880
1980 107.42 875 710 0122 0.151 0811 1988  5610.50 10122 8763 0.554 0.640 0.865
1981 104,80 724 780 0144 0.134 1.077 1989  5081.90 11171 11397 0454 0.445 1.020
1982 118.11 668 8OO (176 0.147 1.197 Garments
1983 145,42 669 836 0217 0173 1.249 1980 328.00 1107 99 0,296 3313 0.089
1984 178.73 646 1458  0.276 0.122 2.256 1981 399,80 1258 172 0317 2324 0.136
1985 696.31 904 1418 0770 0.491 1568 1982 277.60 1152 247 0.240 1.123 0214
1986 1092.62 891 1390 1.226 0.786 1.560 1983 297.40 1132 350 0.262 0.849 0.309
1987 BR9.00 861 1354 1032 0.656 1.572 1984 444,10 1289 500 0344 0.888 0,387
1988  2110.00 1538 1314 1371 1.605 0.854 1985 817.40 2774 804 0294 L.016 0,289

1989 1601.00 547 1153 1.890 1.388 1.361 1986 926,00 1 1302 0.282 0711 (.397
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Table 1.2 (Continued) Table 1.3 Output, employment and capital stock of Beijing industry
by industry, 1982-1988

1987 975.90 IBTE 1872 0.251 0.521 0,482

1988 142450 4925 2019 0.289 0.705 04089 Output Capital  Employment QL K KiL

1989  2206.00 5135 2463 0429 0.895 0.479 stock

Leather products (¥10,000) (¥10,000) (No.of  (¥10000/  (¥¥  (¥10,000/

1980 550.00 917 382 0.609 1.463 0.416 workers) worker)  capital)  worker)

1981 324.00 973 421 0332 0.769 0432 Total

1982 267.70 940 427 0.2%4 0.626 0.454 1982 572799 SRRO99 1048198 (1.546 0.972 0.562

1983 354.00 968 508 0.365 0.606 0.524 1983 600684 634422 1073355 0.560 0.947 0.591

1984 487.60 870 553 (.560 0.881 0.635 1984 674236 647283 URSTR] 0.684 1.042 0.657

1985 437.00 1741 566 0.251 0.772 0,325 1985 687398 682646 1248099 (.551 1.007 (547

1986 540,50 1921 504 0.281 0.909 0,300 1986 607300 721823 1254984 0,484 0.841 0.575

1987 610,00 2197 624 0277 0977 0,284 1987 629055 212633 1255129 0.501 0.774 0.647

1988 534,60 2456 640 0.217 0.835 0.260 1988 721022 BB4131 1247257 0.578 0816 0.709

1989 698.50 2280 803 0306 0.869 0.352 Chemicals
1982 194183 174297 110780 1.753 114 1.574
1983 190066 179248 112103 1.776 1111 1.599
1984 217556 177580 162694 1.337 1.225 1.091
1985 195052 190264 133816 1.458 1.025 1.422
1986 169242 173647 93665 1.807 0.975 1.854
1987 178452 198155 100228 1.780 0.901 1.977
1988 193066 206899 102557 1.883 0.933 2.017

Construction materials

1982 30576 44027 75206 0.406 0.694 0.585
1983 32442 56400 78542 0413 0.575 0.718
1984 34669 68926 82681 0.419 0.503 0.834
1985 41943 68421 120372 0,348 0.613 0.568
1986 44023 82863 129368 0.340 0.531 0.641
1987 45119 87335 131121 0.344 0.517 0.666
1988 45059 94213 126604 0.356 0.478 0.744
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Table 1.3 (Continued) Table 1.3 (Continued)

Machinery and metallurgy 1986 20101 77738 253681 0.351 1.146 0.306
1982 189686 277273 601771 0.315 (.684 0.461 1987 284978 91410 247538 0,343 0,930 1369
1983 212967 284971 599345 0.355 0.747 0.475 1988 07933 26673 242835 0.403 1.013 (.398
1984 2542092 277558 G1ET52 0411 0.916 {1449 Paper products

1985 288771 285118 607065 0.476 1.013 0.470 1982 5748 5227 9997 0.575 1.100 0.523
1986 233087 04586 628147 0.3 0.765 0.485 1983 6022 5391 10361 0.581 1.117 0520
1987 250139 340949 621280 (1403 0,734 0.549 1984 6141 5765 10645 0,577 1.065 0.542
1988 301546 371454 G18854 0.487 812 0.600 1985 6239 5792 21898 0.285 1.077 0.264
Furniture and forest products 1986 9027 9797 23588 0.383 0.921 0.415
1982 13194 10586 27540 0.479 1.246 (0,384 1987 9388 11539 23121 0.406 0.814 (0.499
1983 13458 11315 28044 0L.480 1.189 0.403 1988 12040 16213 22068 0.546 0,743 0.735
1984 14142 10924 28479 (.497 1.295 (0,384

1985 9316 11044 34915 0.267 (.544 0316

1986 11427 16598 38554 0,296 (L6EE 0.431
1987 12774 18255 3BR63 0.329 0.700 0.470
1988 13170 17998 37411 0.352 0.732 0.481
Food, beverages and tobacco

1982 316969 25695 5BRB18 0.629 1.439 0.437
1983 43846 29724 63780 0.687 1.475 0.466

1984 48595 34982 64177 0.757 1.389 0.545
1985 49609 44154 £3240 0.596 1.124 1.530
1986 51394 56593 88748 0.579 0.908 0.638
1987 48204 64991 92978 0.518 0.742 0.699
1988 58208 BD6E2 96928 0.601 0.721 0.832
Textiles

1982 102444 51894 164015 0.625 1.974 0.316
1983 92384 67364 181179 0.513 1.379 0.372
1984 Q8842 T1550 18354 5.385 1.381 3.808
1985 96467 TI854 246793 0391 1.239 0.315
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Table 1.4 Output, employment and capital stock of Shanghai industry Table 1.4 (Continued)
by industry, 1985-1988

Machinery and metallurgy
1985 78564 1233900 40920 6.367 0.192 33.163

Output  Employment  Capital QL QK K/L

stock 1986 72832 1261000 42383 5776 0172 33611
(¥100,000) (No.of  (¥Mn)  (¥000/ N 000 1987 70482 1270500 45284 5548 0156  35.642
workers) worker)  capital)  worker) 1988 74577 1276400 45318 5.843 0165 35504
Total Paper products
1985 168936 2525800 90428 6688 0186 35960 1985 3086 43200 1232 7.143 0250  28.516
1986 159415 2586000 101164  6.165  0.158  39.120 1986 2769 43800 1532 6322 0181 34985
1987 154248 2622600 109722 5.881 0.141 41.837 1987 3058 47300 1775 6466 0.172 37.528
1988 166584 2652700 110610 6280  0.151  41.697 1988 3242 47900 2308 6768  0.140  48.183
Chemicals Textiles and clothing
1985 20420 170600 9140 11975 0224 53577 1985 46947 779600 30472 6022 0154  39.086
1986 19665 1 76900 9325 11.116 0.211 52712 1986 44555 799400 37768 5.574 0118 47.245
1987 18934 175100 BOE3 10813 0211 51187 1987 42489 B16200 41439 5.206 0103 50770
1988 20436 177200 9773 11544 0209  55.153 1988 45772 841100 38871 5442 0118 46.215
Construction products

1985 6650 150300 4570 4.425 0146 30407
1986 6498 152800 4841 4,252 0.134 31.679
1987 6380 158400 5986 4.028 0.107 37.791
1988 6443 155500 7603 4.143 0.08B5 483894

Forest products and furniture

1985 1889 41900 1028 4.500 0.184 24.526
1986 1817 41200 1111 4411 0.164 26,958
1987 1591 37900 1163 4.199 0.137 30.696
1988 1550 36700 1196 4.224 0130 32.583
Food processing

1985 11370 106300 3466 10696 0328 32605
1986 11279 110800 4205 10.171 0,268 3roa
1987 11314 117200 5112 9.654 0.221 43.620

1988 14544 117900 5541 12.336 0.262 46998
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Table 1.5 Output, employment and capital stock of Chinese industry Table 1.5 (Continued)
by industry, 1980-1988

1985 147.95 314.40 267,24 0.471 0.554 0.850

Output  Employment  Capital /L QK K/L 1986  165.65 331.70 328.55 0.499 0.504 0.991
stock 1987 16621 337.70 37250 0492 0.446 1.103
(¥100,000)  (No.of  (¥Mn)  (¥000f ¥%  (¥000/ 1988  154.38 395,50 40529 0390 0.381 1.025
warkers) worker) capital)  worken) Machinery and metal products industry
Total 1980 367.07  980.50 65981 0374 0556 0673
1980 110306  2306.80  1409.24 0478 0783 0611 1981 34279 1015.10 67551 0338 0.507 0.665
1981 113195 243540 153385 0465 0738 0.630 1982  376.84 1030.90 72319 0366 0.521 0.702
1982 1191.52 250760  1688.26 0475 0706 0673 1983  447.82 1033.50 73622 0433 0608 0712
1983 131880 253730 176966  0.520 0,745 0.697 1984 54244 1038.20 91990 0522 0.590  0.886
1984 152849 255020 2263.76 0599 0.675 0.888 1985  695.19 144760 BE7.95 0480 0.783 0.613
1985 180437 362000 2361.74 0498 0.764 0652 1986  711.34 146680 108458  0.485 0.656 0,739
1986 1892.55 375940 278190 0503 0.680  0.740 1987  790.87 149480 117450  0.529 0.673 0.786
1987 210466  3894.50 310086  0.540 0.679  0.79 1988 946,27 1679.40 124994  0.563 0.757 0.744
1988 2381.85 444120 354330 0536 0.672  0.798 Forest products and furniture industry
Chemical industry 1980 3778 126.20 6382 0299 0.549 0.545
1980  173.24 300,00 26291 0577 0659  0.876 1981 36.92 131.80 7431 0.280 0.497 0.564
1981  175.25 307.10 29027 0571 0.604 0945 1982 37.71 134,00 79.58  0.281 0.474 0.504
1982 194.78 312,90 30519 0622 0638 0975 1983 19,54 133,00 8088 0297 0.480 0,608
1983 217.35 31810 31166 0.683 0.697 0.980 1984 41.81 132.80 9870  0.315 0424 0743
1984 24283 326.70 321,31 0.743 0.756  0.984 1985 44,29 184.70 106.54  0.240 0416 0577
1985 22935 370.70 39278 0619 0.584 1.060 1986 44 61 191.50 117.15 0233 0,381 0612
1986 246,31 387.60 A08.66 0633 0.603 1.054 1987 45.64 192.30 12694 0237 0.360 0.660
1987 29047 415.00 450,58 0.700 0.645 1.086 1988 51.45 23380 13501 0.220 0,381 0.577
1988 32168 461.10 526,38 0.698 0611 1.142 Food processing industry
Construction industry 1980  141.26 234.00 117.68  0.604 1.200 0.503
1980 78.82 191.00 11269 0413 0,699  0.590 1981  160.95 256.10 14044 0628 1.146 0548
1981 76,75 192.10 12083 0.400 0635  0.629 1982 17739 274.40 161.06  0.646 1.101 0.587
1982 B5.18 195.80 12963 0435 0.657 D662 1983 180.42 280,60 18131 0675 1.045 0.646
1983 91.9] 199.70 13848  0.460 0.664 0.693 1984  212.46 288.00 24365  0.738 0.872 0.846

1984 105.16 205.50 22821 0512 0.461 L111 1985  231.60 349.90 28372 0.662 0816 0811
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Table 1.5 {Continued)
1986 258.13 374.60 33591 0.689 0.768 0.897
1987  291.11 392.20 38858 0.742 0.749 0.991
1988 328.21 443.90 480004 0,739 0.684 1.081
Texitiles and garments indusiry
1980 247.04 371.40 154.47 0668 1.605 0416
1981 285.19 425.10 178.38 0.671 1.599 0.420
1982 263.74 448,70 23097 (.588 1.142 0.515
1983 274,30 460.40 258.14 0.596 1.063 0.561
1984 31840 445380 383,55 0.714 0.830 0.860
1985 366.88 73590 32117 0.499 1.142 0.436
1986 36864 77690 381.59 0474 0.966 0.491
1987 41533 820.50 44074 0506 0.942 0.537
1988  461.11 933.60 579.96 0.494 0,795 0.621
Paper and publishing industry
1980 56.95 103.70 3286 0549 1.733 0317
1981 54.11 108.10 54.10 0.501 1000 0.500
1982 5588 110.90 5864 0.504 0.953 0,529
1983 58.46 112,00 62,97 0.522 0928 0.562
1984 65.39 113.20 G838 0.578 0.956 0.604
1985 80.11 216.80 102.34 0.411 0.871 0472
1986 97.86 230,30 125.46 0.425 0.780 (.545
1987 105.02 242.00) 147.01 0,434 0714 0.607
1988 118.75 293.90 166,68 0.404 0.712 0.567
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Appendix 2 Tests of specification of and constraints

on the functional form

Table 2.1 F-ratio tests of constrained and unconstrained

Cobb-Douglas and translog production functions

F-ratio F-stat F-ratio F-stat
Const RTS €D Translog vs CD®
Total industry 0047 4.17 33 2.69
State industry 004 4.35 002 2,50
Collective industry 0013 4.35 0014 2.50
Joint industry 00 435 0006 2.50
Chemical industry 00 397 003 287
Construction products 25 197 012 2.87
industry
Forest products and 00 97 a1 2.87
furniture industry
Footwear industry 005 97 002 287
Metallurgy industry 002 397 013 2.87
Other manufacturing 004 3.97 003 2.87
industry
Paper industry 020 397 008 247
Textiles industry 098 3.97 037 2.87

Motes: (1) F-ratio compares the CRS Cobb-Douglas production funclion
with the unconstrained CD production function.

{2) F-ratio compares the CRS Cobb-Douglas production function

with an unconstrained translog production function,
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Appendix 4

Productivity, Efficiency and Reform in China's Economy

Table 4.1 Chinese capital stock deflators, 1980-1989

Metallurgy Chemicals Machinery Construction

Forest

products  products

Food

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

1980
1981
1982
1983
1984
1985
1986
1987
1988
1989

1.0000
117
1.1106
1.2369
1.3479
1.4709
1.5817
1.7119
1.8410
20571

Textiles

1.0000
1.1025
1.1228
1.2306
1.3149
1.4173
1.4487
1.5325
1.6668
1.9265

10000
1.0979
1.1436
1.2493
1.3475
1.4372
1.5390
1.6282
1.7547
1.9093

Garments

1.0000
1.0970
1.1188
1.2269
14600
1.4043
1.6215
1.5603
16860
21924

1.0000
1.1011
1.1231
1.2425
13105
14122
1.5010
1.5574
1.6785
1.8056

Leather

products
1.0000
1.04956
1.1085
1.2209
1.3790
1.3194
1.5664
1.5861
1.7122
1.9525

10000
1.1209
1.1352
1.2986
1.4044
1.5304
1.5926
16767
1.89588
2.0639

Paper and

printing
1.0000
1.0959
1.0911
1.2255
1.3010
1.3978
1.4821
1.5714
1.6895
1.9664

1.0000
1.0893
1.1255
1.2530
1.3683
1.4771
1.6608
1.6756
1.8259
2.1918
Arts and
education
10000
1.0964
1.0840
1.2332
1.3034
1.3965
1.4766
1.4642
1.5624
1.R190

1.0000
1.1014
1.1151
1.2281
1.3589
1.4480
1.5451
1.6227
1.7596
1.9512

Others

1.0000
1.0952
1.1056
1.2226
1.3798
1.4806
1.6314
L8375
20096
23319
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Table 4.2 Chinese output deflators, 1980-1989
Metallurgy Chemicals Machinery Construction Forest
products
1980 1.0000 1.0000 1.0000 1.0000 1.0000
1981 1.0179 0.9727 0.9865 1.0119 1.1463
1982 1.0289 0.9705 0.9798 1.0378 1.2390
1983 1.0404 0.9841 0.9741 1.0792 1.2340
1984 1.0826 1.0156 0.9918 1.1155 1.2913
1985 1.2164 1.0056 1.0587 1.2239 1.4554
1986 1.3302 1.0374 1.0701 1.3081 1.5663
1987 1.4256 1.1303 1.0868 1.3967 1.9667
1988 1.6023 1.3137 1.1354 1.6626 2.1118
1989 1.9220 1.5366 1.2602 1.9773 2.2061
Food Textiles Garments Leather Paper and
products products printing
1980 1.0000 1.0000 1.0:000 10000 1.0000
1981 1.0229 0.9907 0.9613 1.0157 1.0R66
1982 1.0576 0.9558 0.9611 1.0025 1.1036
1983 1.0670 (.8999 (L8886 1.0342 1.1194
1984 1.0880 (L8499 (.8632 1.0517 1.1154
1985 1.1548 (L8820 .9317 1.2542 1.2247
1986 1.2046 (1.9866 0.9354 1.2971 1.2750
1987 1.2916 0.9914 0.9828 1.3777 1.4452
1988 1.5007 1.1022 1.1028 1.5770 1.5760
1989 1.7071 1.8040 1.1836 1.7765 1.7944




The Impact of Partially-introduced
Market Mechanisms on
Industrial Efficiency

The Case of Chinese Iron and Steel Industry

Cao Yong

I. Introduction

This study focuses on the evaluation of the impacts of market-
oriented economic reforms on industrial efficiency in the Chinese
iron and steel industry during the reform period of the 1980s.
Impetus was given to market-oriented economic reforms by the
pervasive inefficiency in the utilization of factor inputs and hence
the poor productivity performance of the Chinese industrial sec-
tor under central planning. Economic resources were not allo-
cated according to their marginal productivities. Inefficient
allocation of resources was related to the lack of incentive for
enterprises and individual workers to use factors of production
effectively; distorted factor and goods markets meant that signals
for resource allocation were inappropriate, and there was a lack of
mobility of economic resources across industrial sectors, enter-
prises and regions.
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Reforms were expected to improve industrial productivity by
introducing some elements of the market mechanism into the
centrally planned economic system. The effects of the partial in-
troduction of elements of a market system to overcome inefficient
resource allocation and hence to improve productivity has, how-
ever, not been empirically tested. This study undertakes such
empirical tests.

Reforms had the potential to influence productivity in three
ways:

+ through the creation of greater incentives for enterprises and
individual workers to utilize factors of production more effec-
tively and hence improve productivity;

* through the creation of factor and goods markets which
would enable economic resources to be more efficiently allo-
cated according to their marginal productivities;

* through an improvement in the mobility of economic re-
sources across regions, industrial sectors and enterprises.

The aim of this study is then to develop measures of industrial
performance to assess the impact of reforms on the three aspects.
The methodology applied is to disaggregate industrial productiv-
ity performance into technical, allocative and scale effitiencies.
These distinctive efficiency measures are expected to provide de-
tailed and unbiased estimates of the effect of the development of a
market mechanism on industrial productivity.

The structure of this chapter is as follows: the decomposition
of productive efficiency is briefly discussed in Section 11 to pro-
vide a theoretical framework for the rest of the analysis. Some
stylized facts of market imperfections in the Chinese economy are
indicated and their expected impacts on productive efficiency are
assessed in Section III. Section IV presents the methodology of
econometric estimation. Data used in the estimation are discussed
in Section V. Section V1 reports the empirical results. Findings in
this study are finally summarized in Section VIL
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II. The Decomposition of Productive Efficiency
into Technical, Allocative and Scale Efﬁcigncies

Farrell (1957) is considered the pioneer in the use of the pro-
duction frontier to decompose productive efficiency into two sub-
categories: technical efficiency and allocative efficiency. Forsund
et al. (1980) decomposed productive efficiency into three compo-
nents by adding scale efficiency to technical and allocative effi-
ciencies.

Assuming the following standard formulations of produc-
tion, cost and profit functions respectively:

Y =f(X)
C(Y, X) = Minx (WX | f(X)2Y,Xz0|
TI(P, W) = Maxy,x [PY - WX | §X)2Y,Y20,X20| (1)

where, Y is the vector of outputs, X is the vector of inputs, W is the
vector of input prices, P is the vector of output prices and C and []
are the cost and profit functions respectively. If a production unit
is observed at (Y*, X"), then for:

Technical efficiency: Y’ = {(X°)

Technical inefficiency: Y° < f(X%).
Technical inefficiency is due to excessive input usage for a given
output, and if this is the case costs are then:

WX’ > C(Y", W).
Since cost is not minimized, profit is not maximized:

(PY'- WX) <TT1 (P, W).
If cost is minimized, we can accordingly define:

Allocative efficiency:  £(X") / £(X") = Wi / W,

Allocative inefficiency: fi(X") / {(X%) =W,/ W,
where ;) and £(X’) are the marginal products of inputs i and j,
and W, and W, are the prices of factors i and j respectively. Alloca-
tive inefficiency results from employing inputs in the wrong pro-
portions relative to their prices, which is costly and hence:
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WX = C(Y’, W).
As cost is not minimized, profit is not maximized:
(PY" = WX®) <TI(P, W).

Obviously, if and only if WX® = C(Y’, W) and (PY" - WX") =
[1(P, W), can the production unit ensure its overall efficiency. As
neither the arguments of technical nor allocative efficiency in-
volve the vector of output prices, they are not sufficient to ensure
(PY" - WX?) = TI(P, W). At this point we have to introduce scale
efficiency to achieve overall efficiency:

Scale efficiency: P = Cy(Y’, W)
Scale inefficiency: P # Cy(Y', W)

where Cy(Y', W) is the marginal cost of production from in-
creasing the scale of output. A production unit will be scale ineffi-
cient if it produces above or below the optimum output level and
hence fails to equalize its marginal cost to output price.

Unlike the so-called “residual” estimations of productivity,
such as the estimation of total factor productivity, the decomposi-
tion of efficiency isolates the different aspects of an enterprise’s
performance by relating them to their respective causes. There-
fore, estimates of decomposed efficiency can reveal more specific
economic information on why enterprises’ productive efficiency
has or has not improved. For example, many enterprises might be
found to be technically inefficient. This may be due to insufficient
incentives, such as lack of ownership or other profit-related incen-
tives. Alternatively, enterprises may be found to be technically
efficient but allocatively inefficient. This suggests that factor mar-
kets are distorted and that, to improve enterprises’ productive
efficiency, relevant economic policies should be adopted to mini-
mize distortions in factor markets. Furthermore, a considerable
number of enterprises might be found to be technically and al-
locatively efficient but not scale efficient. This suggests that the
industrial market structure is distorted and that enterprises with
potential scale economies cannot fully exploit their potential
lower production cost to increase their share of total industrial
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production. On the other hand, scale-inefficient enterprises may
be able to expand even though they have a cost disadvantage.
Therefore, industrial and liberalization policies that are neutral
regarding the development of enterprises with economies of scale
are a means of improving industrial performance.

The theory of decomposed productive efficiency has recently
been widely applied to enterprises in market economies (Kalirajan
and Shand 1985; Van den Broeck 1988; Kumbhakar et al. 1989). In
most of these studies, differences in productive efficiency among
enterprises were found from the estimates of the three decom-
posed efficiencies. Because all these efficiency measures corre-
sponded to enterprises’ behaviour in seeking to maximize profit
under given market conditions, the resultant differences in enter-
prise-specific efficiencies were interpreted as an indication of mar-
ket imperfection. As far as Chinese enterprises are concerned,
estimates of decomposed efficiency allow one to judge not only
individual enterprises’ performance but also the constraints mar-
ket distortions place on enterprises’ performance.

I11. The Stylized Facts of the Partially-introduced
Market Mechanisms and Their Impacts
on Industrial Efficiency

Although there was no comprehensive blueprint for economic
reforms in the Chinese industrial sector in the 1980s, fundamental
changes were introduced in almost every area of the economy.
Asset ownership, industrial planning, financing, pricing, labour
allocation and worker income determination and commodity dis-
tribution all underwent some change.

The reforms aimed to replace the previously highly central-
ized planned economy with a system containing elements of both
planning and market. The primary purpose of reforms was to
provide incentives to local governments and enterprises to utilize
their assets more effectively to further their own self-interest and
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thereby improve national economic efficiency. However, the re-
forms were contradictory in many aspects.

The principle of self-interest governed the behaviour of work-
ers, enterprises and even local governments while a hierarchical
control structure by government bureaucrats remained. Local
governments became more important in a newly adjusted hierar-
chical control structure and tried to protect local industrial devel-
opment from national competition. This change had the serious
effect of causing the industrial markets to develop in a locally
segmented manner.

The efforts at separating ownership and control rights be-
tween state agencies and state-owned enterprises did little to alter
the traditional structure of socialist ownership. As a result, the
economic activities of enterprises continued to be subject to direct
intervention from government agencies. The mobility of capital
and other resources between enterprises and regions was even
more restricted than previously, as local governments introduced
restrictions to protect their revenue sources.

The central goal of the economic reforms was to increase
profit-maximization behaviour (Tidrick and Chen 1987:1-11; Wil-
son Il and Gordon 1990; Kosta 1989; Kornai 1990). The sequenc-
ing of this change in firms’ behaviour was very critical for the
economic reforms. If firms had exhibited profit-maximizing
behaviour and actively responded to the market-based reform
policies, an efficiency gain in the Chinese economy would have
been expected. This would have occurred because firms were
considering the costs and benefits associated with their invest-
ment and production decisions. If an empirical study is to be used
to justify the feasibility or desirability of the market-oriented eco-
nomic reforms, it is necessary to determine if an efficiency gain
was achieved.

It has been, however, widely argued among Chinese econo-
mists that firms did not show normal market-based behaviour in
their responses to the reform policies but primarily sought rents in
the reform process itself (Zhang et al. 1987; Den and Lo 1987; Dai
and Li 1988; Du et al. 1990). The partial introduction of a market
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mechanism resulted in seriously distorted output and input mar-
kets and a seriously distorted redistribution of income, leading to
concerns that any further reform would engender enormous eco-
nomic and social uncertainties. The current debate about the eco-
nomic reforms in China and about other centrally planned
economies is focused on whether they can be reformed at all
(Kosta 1989; Petr 1990). Nordhaus (1990) has even proposed a
Murphy’s law for economic reforms in centrally planned econo-
mies: partial reformation of an internally consistent planned econ-
omy makes things worse before they get better.

The above concerns seem to confuse the effects of the micro-
level reforms on enterprises’ behaviour with the effects of market
imperfections on industrial performance. The focus of the empiri-
cal study of micro reforms is on whether there was any systematic
difference in industrial performance during the reform period as
enterprises started to seek profit rather than quantity maximiza-
tion,' In relation to market imperfections, the empirical study
focuses on how enterprises could achieve profit maximization
within the prevailing distorted market system. Market-oriented
behaviour by enterprises might have improved industrial perfor-
mance, but market imperfections may have resulted in a deterio-
ration. If this is the case, the evaluation of the effect of economic
reforms on industrial performance may be confused by at-
tempting to measure two distinctive effects simultaneously.” It is,
therefore, very critical to distinguish enterprises’ productive effi-
ciency in distorted factors and goods markets.

Capital

The accounts of Chinese enterprises divide capital into fixed and
working capital. Fixed capital consists of capital stocks from cen-
trally allocated investment in the pre-reform period, from invest-
ment undertaken following the first introduction of reforms from
enterprises’ accumulated fund, from investment financed by bank
loans and investment from local government and, in some in-
stances, from central government in the reform period. Working
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capital consists of that portion determined by central plans before
the economic reforms and provided by banks to enterprises, bank
loans and the enterprises’ own accumulation. Among these
sources of capital, the only truly endogenous variable for enter-
prises was their own accumulation of funds. Enterprises had full
control over their own accumulation, and more importantly these
funds involved an opportunity cost. Enterprises also incurred
costs using bank loans. But whether bank loans were efficiently
allocated among enterprises or whether enterprises paid the true
economic cost of these funds, depended on whether interest rates
were at equilibrium levels and whether enterprises were actually
required to repay the loans. Enterprises’ behaviour regarding cap-
ital formation and utilization can be examined in relation to the
different sources of capital funds:

* Inattempting to minimize production costs or maximize prof-
its, enterprises should have effectively utilized capital stock
allocated to them regardless of its source. Accordingly, an
improvement of technical efficiency should have resulted.
Provided enterprises and workers could retain part of the
benefits from utilizing production capacity more efficiently, a
more efficient utilization of the capacity should have occurred
as a result of the enterprises’ and workers’ response to eco-
nomic incentives introduced by the reforms.

* Inattempting to minimize production costs or maximize prof-
its, enterprises should have sought to economize on capital
purchased from their accumulated funds so that the marginal
productivities of these capital inputs equalled their marginal
costs. An improvement in enterprises’ allocative efficiency in
the use of capital investment under their control should have
occurred. Enterprises were also able to use the capital invest-
ment under their control to correct existing misallocations of
resources. For example, enterprises could implement invest-
ment from their own funds to improve the compatibility of
different types of production equipment. Enterprises’ effort in
this regard would contribute to improved technical efficiency.
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» Thechange from granting enterprises funds freely from banks
during the pre-reform period to charging enterprises interest
rates during the reform period would have put some con-
straints on enterprises in obtaining funds from banks. How-
ever, enterprises’ behaviour towards bank loans was mainly
determined by the interest rate policy implemented during
the reform period. As nominal bank lending rates were lower
than the inflation rate, the real cost of borrowing was negative
(Cao 1990). Hence, enterprises sought as many bank loans as
they could with little consideration of efficient utilization.
Consequently, scarce capital resources were thinly spread
across numerous enterprises by the decentralized banking
system and were insufficient to meet demand. Non-price ra-
tioning occurred and, therefore, allocative efficiency in rela-
tion to bank loans is expected to have been poor.

« Capital inputs not under enterprises’ control (the remaining
planned investment) was allocated among enterprises in rela-
tion to their bargaining power with relevant government au-
thorities. Therefore, enterprises’ behaviour with respect to
these capital inputs remained as it had been in the pre-reform
period.

*  Asno basic ownership reforms were initiated, capital was still
immobile between regions and enterprises. Hence,
enterprises’ ability to adjust their production scale to suit
market conditions was largely restricted by their own accu-
mulation of funds. Moreover, every enterprise, no matter
whether it should have expanded its production capacity or
not, had to implement more capital investment annually from
its own accumulation according to the contract between en-
terprises and government authorities. As a result, industrial
investment was spread more thinly among enterprises and a
deterioration of scale efficiency happened in a considerable
number of enterprises. Enterprises’ scale efficiency would
have thus been hardly improved.
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Labour

The labour market was the least developed market in China’s
industrial sector. There was no real market wage rate to allocate
labour: workers had de facto job tenure (White 1983, 1985, 1988).
The ability of an enterprise’s manager to use labour effectively
was very limited. To minimize costs in relation to labour inputs,
managers should have been able to relate the compensation of
labour to its marginal revenue product. But their efforts were
limited by their inability to retrench unnecessary workers and the
strong pressure from workers for increases in their income in
excess of their marginal productivity.

The “bonus incentive” policy was one of the most important
policies implemented in an attempt to reform the labour and wage
system. The Chinese government and economists were optimis-
tically expecting that, if enterprises were allowed to issue bonuses
to workers from retained profits, this would provide a greater
incentive for workers to increase their work effort and improve
their productivity, i.e, the enterprises’ technical efficiency.

However, after a few years, the implementation of this bonus
incentive policy merely resulted in a “competitive bonus spiral”
across enterprises. Workers’ bonus levels in individual enterprises
were not differentiated according to achieved productivity gains,
but they rather converged (Chinese Institute of Economic System
Reform 1987; Dai and Li 1988). The “competitive bonus spiral”
within enterprises was mainly due to the factor that managers
were not given the power to change or adjust workers’ basic wage
levels. These continued to be regulated by central planning. Even
in the area of workers’ bonus level, managers’ authority was
strictly limited by government regulations. These were intro-
duced mainly because of the “soft” nature of the financial con-
straints on enterprises and the undue pressure workers placed on
enterprise managers to increase bonuses. Due to these factors, the
effect of the “bonus incentive” policy on workers’ effort may have
diminished. Workers’ income hence continued to lie outside the
control of enterprises’ managers in the sense that they could not
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determine workers’ income according to their marginal contribu-
tions to revenue.

The “competitive bonus spiral” which developed between
enterprises resulted mainly from workers' pressure to increase
remuneration. In so far as managers had autonomy to issue bo-
nuses, it was inevitable that workers would pressure management
to increase total wages not only to the highest level, but also to the
highest level relative to other enterprises. Moreover, inadequate
accounting and taxation systems that failed to audit enterprises’
financial spending enabled managers to match their workers
bonus level to that of other enterprises, regardless of productiv-
ity.”

Although the workers’ bonus policy might have had a posi-
tive impact on workers’ effort and hence on enterprises’ technical
efficiency, the consequent “competitive bonus spiral” led to an
increase in the cost of labour. Factor allocation was thus distorted
in the sense that labour, the most abundant resource in China,
became relatively more expensive while the cost of capital was
held at an artificially low level.

Twao-tier Prices in Goods Market

The central goal of reforms in the price system advocated by the
Chinese reformers was to deregulate the prices of most producer
and consumer goods through the decentralization of the price
administration from central to local agencies, to reduce the range
of goods subject to State price controls and to diversify the pricing
system encompassing a range of fixed, negotiated, floating and
free market systems.

Iron and steel are basic industrial inputs for most industrial
sectors. Thus, a nation-wide adjustment of iron and steel product
prices, which had been kept artificially low under planning,
would have had great impact on the cost of production through-
out the economy, the price level of most of consumer goods and
even the nation-wide pattern of income distribution. In 1984, the
average prices of iron and steel products were increased by about
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15 per cent {The Ministry of Metallurgical Industry of China 1985).
The higher price level, however, was still too low to overcome
excess demand. In 1986, the Chinese government planned to im-
plement a comprehensive adjustment of the nation-wide price
system. Its central concern was to raise the price of iron and steel
products to a level that reflected the real cost of their production
and cleared excess demand. As the effects of adjustments to prices
for iron and steel products could not be predicted, only some
consumer goods, such as wine and cigarettes, were chosen for the
price reform implemented in 1987.

While iron and steel prices were still subject to the regulations
of the central government, local authorities and enterprises were
permitted to sell products under their control at prices up to an
upper limit set by the State Price Bureau. This price level was,
however, only 25 per cent higher than the planned price level (Tao
1988) and still not high enough to remove excess demand in the
market. The average price of finished steel products set by the
upper limit was about 1,100 yuan in 1988, but the prevailing
market price was about 5,500 yuan. Non-state retailers could eam
profit margins as high as 300 per cent from the re-sale of such
products.

The upper price limit level set by the State Price Bureau for
products controlled by local governments and enterprises greatly
distorted the distribution of iron and steel products. While the
upper price limit level was still far below the market equilibrium
price, an enterprise’s production was unlikely to respond to mar-
ket demand. Corrupt relationships developed between local gov-
ernments, enterprises and retailers, with illegal negotiations
involving the distribution of supra-normal profits between sup-
pliers and retailers. This corruption become known in China as
guan dao, meaning the corrupt activities of bureaucrats who sold
their controlled products to their guanxi hu (close friends or rela-
tives) at planned or lower than market prices, so that these prod-
ucts could then be sold in the market at much higher prices. The
resultant benefits were then shared between these bureaucrats
and retailers. These practices also occurred in some enterprises,
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which received benefits in the form of cash or goods from retailers
who bought products from the enterprises at lower than market
prices. The reported revenue from the sale of products could be
concealed through the under-reporting of revenues and over-re-
porting of costs. In addition, commodity distribution was less
likely to follow normal market channels because barter trade was
encouraged by black-market activity.

Obviously, the iron and steel industry had a two-tier price
system. While the State controlled a significant proportion of iron
and steel production and distributed it at planned prices, a grow-
ing proportion of output was sold by enterprises at non-planned
prices, either at floating or market prices. Hence, enterprises
which were subject to less state controls were able to increase
benefits to themselves either by selling more of their output at the
floating price or by selling more of their controlled output at
market prices. However, for enterprises which were subject to
more state controls, benefits from the two-tier price system would
be so limited that their production would adjust less to the market
conditions. Enterprises in the same industry were thus not com-
peting equally. Comparative cost advantages among enterprises
in the industry were unlikely to play an important role in deter-
mining the distribution of production among enterprises. In other
words, a convergence of cost-price ratios (the ratio used for defin-
ing scale efficiency) of enterprises in the industry could hardly be
observed. Since the scale efficiency of enterprises is directly linked
to their ability to adjust production scale according to their cost
patterns and the conditions of market demand, the distortions
caused by the two-tier price system limited the improvement of
scale efficiency of enterprises and the convergence of cost-price
ratios of enterprises.
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1V. The Econometric Models for
Analysis of Efficiency

The stochastic frontier model is used to estimate decomposed
productive efficiencies (see Forsund et al. 1980 for a survey of
different estimation methods). In the case of the estimation of
technical efficiency, the principal advantage of this stochastic
method is that the impact of factors under enterprises’ control on
technical efficiency can be distinguished from the impact of vari-
ous external uncertainties. Enterprises in the iron and steel indus-
try faced different production conditions according to their
production location, their status in the bureaucratic hierarchy,
their privileged access to supplies of production inputs and bank
credit, and even their bargaining power with government in de-
ciding on their shares from profit distribution. All these uncer-
tainties external to enterprises were actually a reflection of market
imperfections. As enterprises’ performance could be affected by
these external uncertainties, the impact of these influences should
be netted out from enterprise-specific estimation of technical effi-
ciency. As a result, estimated enterprise-specific technical effi-
ciency will be a better indication of an enterprise’s performance.
The estimation of technical efficiency arrived at using the stochas-
tic method, which distinguishes factors under enterprises’ control
(technical efficiency) from the random external effects (statistical
random variables), thus ensures a proper estimation of technical
efficiency. The resultant estimates of technical efficiency can be
related to enterprises’ efforts at utilizing production factors effec-
tively. The effects of those uncertainties external to enterprises,
such as market imperfections, on enterprises’ productive effi-
ciency can, however, be captured by the estimates of allocative
and scale efficiencies.

Technical Efficiency

The following presentation of the econometric model which incor-
porates the existence of technical inefficiency is based on the work
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of Aigner et al. (1977), Meeusen and Van den Broeck (1977),
Forsund et al. (1980), Jondrow et al. (1982) and Kalirajan and Flinn
(1983). As the detailed specification of the stochastic frontier
model for estimating enterprise-specific technical inefficiency is
well presented in these references, I will simply summarize the
main structure of the model. It will be pointed out that enterprise-
specific allocative and scale inefficiency can be directly calculated
by using the parameters estimated from the stochastic frontier
model and the observed variables.

Let the production function be represented by

y* = f(X1 Xjors Xm) (2)
where y* is the maximum possible output an enterprise can pro-
duce using the inputs (x)) in a technically efficient way. It is rea-
sonable to assume that not all enterprises will be technically
efficient and, consequently, not all enterprises will be operating
on the industry’s production frontier. The stochastic production
frontier could then be represented by an unconstrained Cobb-
Douglas production function:

Iny:=ap+ T, adnxg + 1 + v; (3)
j=1
where
yi = actual output for the enterprise i and y; = y*;

u; = an enterprise-specific technical efficiency parameter
which captures the impact of factors under an enterprise’s control
on that enterprise’s technical efficiency and u < 0 by taking a half
normal distribution and then is iid N(0, ol). That is, if w = 0,
enterprise i operates with technical efficiency and if u; < 0, with
technical inefficiency; and

vi = arandom variable which captures the effect of the exter-
nal uncertainties on an enterprise’s production. The variable takes
a normal distribution N(0, o3).

In the above specification, enterprise-specific technical effi-
ciency can be distinguished from the effects on efficiency of the
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external uncertainties that are beyond the enterprises’ control
(Forsund et al. 1980). The distinctive characteristic of the stochas-
tic production frontier method is its ability to isolate technical
efficiency, which is not observable, for each enterprise according
to the conditional mean of u; given (u+v;). The density functions
of u; and v respectively can be written as:

ﬁu.}=:‘;;1/—“17_exp[—%] <0
ﬂﬂr]=qﬁiﬂp[-%], — <P S, )

The joint probability density function (pdf) of (u+v), ob-
tained using the convolution formula, can be written as:
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where, F(-) is the cumulative distribution function of the standard
normal random variable. Specifying:
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where h is the parameter to be estimated from the maximum
likelihood (ML) method and is equal to (a;, ¢, A). The enterprise-
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specific technical efficiency for each enterprise, TE, can then be
estimated from the expected value of u;:

i |_ Ol ) o, (&)
E[ur"’tﬁ]“ a |:1""F{] ﬂ?{|

TE = exp(u)

where {(-) is the standard normal density function and both f(:)
and F(:) are evaluated at (e; /o). The estimate of v, is obtained by
replacing e, in Equation (9) by the residual which is the difference
between the estimated and the actual frontiers. Since v, is defined
as a non-positive random variable in the econometric model of
Equation (3), the domain of the technical inefficiency parameter,
TE; = exp(u;), will be within the range of 0 to 1. Accordingly, TE; =
1 indicates the achievement of 100 per cent of potential production
and hence, technical efficiency, and TE; < 1 indicates the failure to
achieve potential production and hence, technical inefficiency.

Allocative Efficiency

Allocative efficiency can also be estimated as:
MP;; / MPy = W, / Wi exp(og),

taking logs and rearranging,
(o) = In(MP;) = In(MP;) — In W, + In W,

or, using the estimated production parameters from the estimated
production function,

() = In (a;/a) + In xii = In x = In W, + In W, (10)
where

MP; = the marginal product of input x; (j=2, ..., m);

W, = the price of input x;;

(otn); = the allocative efficiency parameter between input 1 and
i for the observation of 1 and o is iid N{ p, £). If oy = 0, enterprise i
is allocatively efficient; if a < or > 0, then it is allocatively ineffi-
cient;
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a; and a; = the production parameters estimated from the
above ML method.

Since all variables in the right-hand side of Equation (10) are
economic variables and a;and a, are available from the estimated
stochastic frontier production function, allocative efficiency pa-
rameter (04 ); can then be directly calculated.

Scale Efficiency

Scale inefficiency can be defined as:
dC; / dyi = P exp(£)

where
dC; / dy, = the marginal cost of production in enterprise i;
P = the price of y;;

& = the scale inefficiency parameter for enterprise i and is iid
N(0, of). If & = 0, enterprise i is scale efficient; if & < 0, it is scale
inefficient in the sense that production is less than the optimal
output level; and if & > 0, the enterprise is also scale inefficient but
in the sense that production is greater than the optimal output
level.

By using the parameters estimated from the production func-
tion and the parameters of technical efficiency (in the domain 0 <
u; £1) and allocative efficiency, scale efficiency can be derived as

£ = = Ina; + InW,; + Inx; - InY - InP — Eafoy) / Za
+(w+v) /Ty (11)

i=L..nj=2,..n

The above specification of scale efficiency is based on techni-
cally efficient output and allocatively efficient input (see
Kumbhakar et al. 1989 for details of the derivation). Hence, it
actually defines scale efficiency as being conditional on technical
and allocative efficiency. Since only the technically efficient out-
put and allocatively efficient input levels are considered in the
estimation of scale efficiency, the estimates of scale efficiency will
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have distinctive economic meaning alongside those for technical
and allocative efficiencies.

Equations (9}, (10) and (11) form the system of equations
employed for incorporating technical, allocative and scale ineffi-
ciencies into a profit-maximizing stochastic frontier framework.

V. The Variables Used in the Estimation and an
Explanation of the Data Used

Enterprise level data for the Chinese iron and steel industry for the
years 1980, 1985 and 1988 were used in the estimation as these
years were the most crucial in the past decade of reforms. The data
are taken from Quanguo gongye pucha ziliao (Nation-wide Indus-
trial Investigation Documents) (Nation-wide Industrial Investiga-
tion Office, State Economic Commission of China 1987), Zhongguo
Gangtie gongye nianjian (The Yearbook of Chinese Iron and Steel
Industry) (The Ministry of Metallurgical Industry of China 1986
and 1989). The estimation from data for 1980 was used to repre-
sent the situation in the early stage of the economic reforms. As
few reform measures had been implemented by 1980, it could be
expected that enterprises’ behaviour and performance were still
mainly influenced by the traditional planned system.

The year 1985 was chosen because, in 1984, China’s State
Council issued provisional regulations expanding the autonomy
of enterprises. The regulations authorized enterprises’ decisions
on pricing, production levels and sales, investment planning, in-
ternal organization, personnel management and the disposition of
wages and loans. It could be expected that these regulations had
an impact on enterprises’ performance one year later, that is, by
the end of 1985. The year 1988 was chosen because substantial
reform measures have not been implemented since then. The esti-
mations from the data in 1985 and 1988 are compared with those
from 1980. Hence, it is possible to investigate whether there was
any systematic change in enterprises’ efficiency during the reform
period.
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Ninety-nine different scale enterprises were chosen as the
sample population. The total annual gross output value of the 99
enterprises amounted to 81, 79 and 78 per cent of the total gross
output value for the whole industry for 1980, 1985 and 1988 re-
spectively. This sample is used as a proxy to represent the situa-
tion in the whole industry.

In the following analysis, the observations are separated by
size, based on the magnitude of their gross output value. Enter-
prises which had annual gross output values above 300 million
yuan were taken to be the sub-group of large-scale enterprises.
Enterprises which had annual gross output values between 50 to
300 million yuan were medium-scale enterprises. The remaining
enterprises comprised small-scale enterprises.

The variables used in the estimated production function are
gross output (at 1980 constant price), fixed capital, labour force,
working capital and enterprise-size dummies. Gross output is the
dependent variable and the remaining variables are independent.

The independent variables cover almost all production factors
directly used in production. Fixed capital stock and labour force
are the standard production factors in most production function
analyses. Since data for cost of industrial materials are not avail-
able, working capital is used as a proxy. In the Chinese iron and
steel industry, more than 70 per cent of working capital has been
used for purchasing industrial materials. The pattern of working
capital may hence largely reflect the pattern of cost of industrial
materials.

Only productive capital and labour force are used in this
study. Hence, the non-productive capital and labour that are usu-
ally mixed together in the Chinese statistics are deleted from the
analysis. Effort is also made to derive the fixed capital for each
individual enterprise from the base-year fixed capital and the
deflated investment (see Chen et al. 1988b for details of this meth-
odology).

The enterprise-size dummy needs more explanation. As far as
cross-sectional analysis is concerned, the difference in enterprise
size can sometimes have a substantial effect on an enterprise’s
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productivity (Van den Broeck 1988). This is particularly relevant
to iron and steel industry. This industry is well known as having
substantial economies of scale (Isard 1949: Cockerill and Silberson
1974; Gupta and Fuss 1979; Crandall 1981; Hilly 1989). By interna-
tional standards, the minimum efficient scale of an integrated steel
enterprise should be, at least, at two million tonnes of finished
steel per year and of non-integrated enterprise at one million
tonnes (Scherer 1974; Scherer and Ross 1990). However, only 10
out of more than 100 iron and steel enterprises in the Chinese
industry achieved one million tonnes of finished steel in 1980.
Concern is thus on those small enterprises which have been oper-
ated under the minimum efficiency scale by international stan-
dards. The effect of enterprises’ scale is captured directly by the
enterprise-size dummies. Specifically, the following estimation
model makes medium-scale enterprises the benchmark and con-
tains dummy variables for large- and small-scale enterprises. It is
then expected that the cost advantage of the large-scale enter-
prises due to economies of scale will be captured by a positive
coefficient for their size dummy variable, and, conversely, the cost
disadvantage of the small-scale enterprises due to the lack of
economies of scale will be captured by a negative coefficient of
their size dummy variable. If this is the case, the finding from the
time series estimation of a loss of scale economies will be sup-
ported by the cross-sectional analysis.

It should be noted that the estimate of scale effects from the
enterprise-size dummy is somewhat different from the estimate of
enterprise-specific scale efficiency defined by Equation (11). En-
terprise-specific scale efficiency as defined by Equation (11) was
derived from comparison of output price and marginal cost. By
equating marginal cost to output price, every enterprise has a
specific optimal production scale. Hence, an enterprise in an in-
dustry might be relatively more efficient in scale than other enter-
prises but might still not be able to achieve its full-scale economy
potential. The enterprise-size dummy captures enterprises’ rela-
tive efficiency in scale, but the estimate of scale efficiency from
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Equation (11) indicates whether an enterprise has achieved its
optimal scale.

In the derivation of allocative efficiency, the cost of working
capital and fixed capital are compared with the cost of labour.
Since reforms in industrial finance in 1984, most working capital
has been in the form of bank loans, which are subject to repayment
and carry a cost in the form of interest. Thus, there is an opportu-
nity cost to enterprises for use of their working capital. As enter-
prises retained part of their profit under the contract system, and
continuously added new investment to their fixed capital stock
from retained profits, the fixed capital stock might gradually have
come more or less under the control of enterprises. This is because
enterprises’ total capital formation would have been adjusted to-
wards the realization of profit maximization. Fixed capital stock
might have become more or less sensitive to enterprises’ output as
an increasing part of fixed capital stock came to have an opportu-
nity cost for enterprises. The estimates of allocative efficiency
allow empirical investigation of the above situation.

The estimates for allocative and scale efficiencies are sensitive
to the input and output prices used in the estimation. Considering
that factor and goods markets were seriously distorted in China,
actual input and output prices and hypothesized market clearing
prices were used in the estimation of allocative and scale efficien-
cies. Comparative analysis can therefore be conducted using the
different price-based estimates. The hypothesized market clearing
prices for the average allocative efficiency of all sample enter-
prises were estimated by an iteration process: different prices
were tried, and the set finally chosen was that under which the
average allocative efficiency of the 99 enterprises became zero,
that is, on average allocatively efficient. As small-scale enterprises
are hypothesized to be the most scale inefficient in the iron and
steel industry, the hypothetical market clearing price for scale
efficiency is simulated for small-scale enterprises. Under the sim-
ulated output prices, small-scale enterprises on average are scale
efficient, that is, their marginal cost equals the hypothetical prices.
Although this method is more or less an arbitrary means of identi-
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fying a correct set of the potential market clearing prices, it can,
nevertheless, correctly indicate whether the actual input and out-
put prices were lower or higher than the potential market clearing
prices. Hence, the policy implications of the estimates of allocative
and scale efficiency are easily verified.

The actual price for working and fixed capital is taken from
loan rates set by the China’s Industrial and Commercial Bank and
were 4.8 per cent for 1980, 7.3 per cent for 1985 and 7.8 per cent for
1988. The average annual income of workers was calculated from
workers’ average wage. Average welfare expenditure in the in-
dustry was used as a proxy for the cost of employing labour.
Considering that “bonus spiral” activity among enterprises led to
a more or less equivalent income level among workers within an
enterprise as well as across enterprises, this industrial average
income is a reasonable proxy for the cost of additional labour for
each enterprise. These annual]abour costs were 1,200 yuan, 1,550
yuan and 2,200 yuan for 1980, 1985 and 1988 respectively. The
actual output price used in the estimation is the weighted unit
value of pig iron, crude steel and finished steel from the large-
scale enterprises. This unit value is taken as a base price that every
enterprise should have been able to charge for its output. It is used
because the large-scale enterprises were subject to greater govern-
ment planning and proportionately more of their output was sold
at lower, planned, prices. Thus, the weighted unit value of gross
output from large-scale enterprises was the lowest in the industry.

VI. The Analysis of Empirical Results

The stochastic production frontier, Equation (3), was estimated
using the maximum likelihood (ML) method from the programme
“Frontier” (Coelli 1991). The programme was specially designed
for the estimation of frontier production function by the ML
method. The estimation procedure involves three steps: first, the
calculation of ordinary least-square estimates (OLS); secondly, a
grid search involving the value of y (y=4/(1 + A)) and a, (intercept
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term) along with adjustment of the estimate of o and thirdly, the
estimates from grid search are used as starting values for an
iteration procedure to approximate the maximum likelihood esti-
mates. The coefficient ) is also provided by the programme as the
reference for testing the significance of time-varying technical
inefficiencies of the observations. If 1 is statistically significant, it
indicates that technical inefficiencies of the observations are
changing over time. Moreover, 1 > 0, 1 = 0 and n <0 in the
estimated model indicate that the estimated technical efficiency of
enterprises over time tends to increase, remain constant or de-
crease respectively. The statistic model used in the programme is
in Battese and Coelli (1991) and will not be presented here for
simplicity.

There are two reasons for using ML estimation. First, OLS of
the production function (Equation 3) provides an unbiased esti-
mate of the k x 1 vector of productipn elasticities, a;, but not of the
intercept, ag, due to the non-zero expectation of (vi+u;). The ML
method outlined above can provide an unbiased estimate for a,.
Secondly, the OLS estimate of the variance, denoted by o oLs, is
often an under-estimate of the sum of the variances of V; and U;,
o. Thus, when the grid search is carried out (over 0 < y <1 and
-20c1s < 1 <2001s) the values of the intercept and variance param-
eters are adjusted accordingly. The “Frontier” programme was
chosen because the iterative method used for approximating the
ML estimates, the Davidon-Fletcher-Power method, is one of the
more successful Quasi-Newton methods (Himmelblau 1972).

The estimation used panel data of 1980, 1985 and 1988 and the
estimation results are reported in Table 1. From Table 1, it can be
seen that the coefficients of all observable variables, fixed capital,
working capital and labour force, have reasonable positive magni-
tudes and are statistically significant. The parameters for enter-
prise-scale dummy variables in particular are statistically
significant and have the expected signs, that is, the large-scale
enterprise dummy has a positive sign and the small-scale enter-
prise dummy has a negative sign. This may suggest that, due to
their economies of scale, the large-scale enterprises had greater
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total factor productivity. On the other hand, the lack of economies
of scale in the small-scale enterprises had a negative impact on
their total factor productivity.

Tablel Maximum likelihood estimation results (dependent variable
= gross output and observation numbers =99 x 3)

Coefficients Independent variables Estimates
aq Constant 224
(20.'5\‘5}“1"

a Fixed capital 0.32
(6.13)

az Working capital 033
(6.40)

a3 Labour 0.11
(2.70)

a4 Dummy 0.38
{Larpe-scale enterprises) (5,99

as Dummy 020
(Small-scale enterprises) (-3.68)

fm 0.94
(12297)

GHI} 0.57
(7.24)

n 0.15
(7.78)

Log-likelihood 6073

Motes: (1) Figures in brackels are t-ratios, and all are statistically signifi-
cant at the 5 per cent level,
(2}  ay and &y in Equation (9) can be calculated using the formula
o = b + ot and ¥ = A7(1 + A) (Jondrow et al. 1982, Battese
and Coelli 1991},
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It should also be pointed out that the parameters of yand ¢ of
the ML estimation are statistically significant and the log-likeli-
hood value is high enough to surpass the critical value. n is posi-
tive and statistically significant from zero which indicates the
overall improvement of technical efficiency of the sample enter-
prises over time. Hence, the ML estimation is very reliable. Em-
phasis will now be placed on the explanation of the estimates of
technical, allocative and scale efficiencies.

Technical Efficiency

As stated above, an enterprise is said to be technically efficient if
the estimated technical efficiency coefficient is 100 per cent and
technically inefficient if the coefficient is less than 100 per cent.
This means that, if an inefficient enterprise can utilize its produc-
tion factors as effectively as an efficient enterprise, it should be
able to increase its current output to the output level that an
efficient enterprise could achieve using the same factor inputs
without increasing its current factor inputs, The average technical
inefficiencies of different scale enterprises calculated from the
estimates of individual enterprises are presented in Table 2.

Table2  Average technical efficiency among different size
enterprises, 1980, 1985, 1988

1980 1985 1988

All sample enlerpriscs (.46 .49 0.53
In which

Large-scale enterprises .55 59 (62

Medium-scale enterprises 047 .51 0.55

Small-scale enterprises 0.25 0.29 (33

The Impact of Partially-introduced Market Mechanisms 251

There was an obvious improvement in technical efficiency in
all enterprises over the reform period. This finding supports the
hypothesis that, to maximize profits, enterprises utilized their
production factors more effectively and improved their technical
efficiency. However, the average technical efficiency of all enter-
prises in 1988 was only 0.53 and thus low. This indicates that the
improvement in enterprises’ technical efficiency over the reform
period was not sufficient to move enterprises’ output close to their
potential output level.

The obvious differences between the technical efficiency of
different size enterprises should be noted. In the three years stud-
ied, while medium-scale enterprises’ technical efficiency levels
were at the average level of all enterprises, the large-scale
enterprises’ levels were above the average and the small-scale
enterprises’ levels were well below. This is a clear indication of
economies of scale in iron and steel, that is, large-scale enterprises
could achieve their potential efficient output more easily by utiliz-
ing their production facilities more effectively than could small-
scale enterprises.

The technical efficiency gap between different-scale enter-
prises is still a serious concern for the development of the Chinese
iron and steel industry although the improvement in technical
efficiency of all enterprise groups during the reform period was
impressive. Under the protection of local governments and espe-
cially with the advantage of being able to sell a larger portion of
their products at higher market prices, some of the local medium-
and small-scale enterprises were still able to increase their profit
margin even though they had an obvious technical and, hence
cost, disadvantage in production expansion. Table 3 compares the
more technically efficient enterprises, enterprises within the cate-
gory 0.80 < technical efficiency < 1.00, with the least technically
efficient enterprises, those within the category 0.20 < technical
efficiency < 0.40, in terms of their growth rates and ratio of profit
to gross output. The most technically inefficient enterprises had a
higher output growth rate and, more importantly, they had a
slightly higher ratio of profit over gross output. This suggests that
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the technically inefficient enterprises had an advantage in charg-
ing higher prices for their product or in obtaining more inputs at
controlled prices, or both. Otherwise, their profit margin would
have been lower.

Table3 Growth rate and ratio of profit to output for enterprises with
different levels of technical efficiency'”

Enterprises with Enterprises with
0.80 < technical < 1.00 0.20 < technical <0.40
efficiency elficiency
Number of enterprises 12 34
Growth rate (%) 0.19 0.25
Profit/gross output (%) 0.23 0.25

Sources: The Ministry of Metallurgical Industry of China (1986 and 1989).

MNote: (1) Enterprises’ average rate of gross output growth between 1985
and 1988,

Allocative Efficiency

Equation (10) was used to calculate allocative efficiency. Ac-
cording to this equation, an enterprise is said to be allocatively
efficient if the estimate of og; for the relevant inputs i and j is 0 and
allocatively inefficient if the estimate is not equal to 0. This means
that enterprises which are allocatively efficient have chosen an
input combination such that the ratio of the marginal productivi-
ties of inputs is equal to the ratio of the prices of these inputs. In
other words, costs to enterprises which are allocatively efficient
cannot be further reduced by substitution between production
factors.

The economic implications of negative or positive values of
estimated allocative efficiency can be explained by reference to the
inputs which are compared. Using a comparison between labour
and fixed capital as an example, Equation (10) becomes:

MPy/MPL = r/w exp(ct)
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where MPy and MP, are the respective marginal products of fixed
capital and labour, r is the interest rate for fixed capital, w is the
wage rate, and « is the estimate of allocative inefficiency.

The economic implication of a negative o can be explained as
follows. Given r and w, an enterprise can only change MPx and
MP, to correct the inequality between marginal product of input
and input price and achieve allocative efficiency. Hence, MPy, the
marginal product of labour, must be higher than MPy, the mar-
ginal productivity of capital. In other words, capital is being over-
utilized and labour under-utilized (Kumbhakar et al. 1989:597).
The rational adjustment of factor combinations would then use
proportionately less capital relative to labour so that an enterprise
could take advantage of the higher marginal product of labour.
Costs can accordingly be reduced. The opposite conclusion can be
drawn regarding a positive value of the estimates for the alloca-
tive inefficiency parameter within the above framework. How-
ever, the distorted prices of inputs should also be considered as
one of the causes for the allocative inefficiency. If MPy and MP,.
are given, allocative efficiency can be achieved either by increas-
ing the interest rate, r, or decreasing wage level, w. Hence, the
allocative inefficiency of enterprises, as described above, may be
due to distortions in factor market prices, encouraging over-utili-
zation of one factor relative to another. Therefore, implications of
the estimates derived for allocative inefficiency must be carefully
considered depending on the likely causes.

In the estimations of allocative efficiency presented below,
labour and wages were chosen as the numerators of Equation (10)
to enable comparison with the other inputs: fixed capital and
working capital respectively. The average allocative efficiency of
different-scale enterprise groups is calculated from the estimates
of individual enterprises’ allocative efficiency parameters and is
reported in Table 4. The consistent negative signs for the estimates
of the allocative efficiency parameters clearly indicate a general
pattern of distortion in Chinese factor markets: workers were
over-paid and capital costs were under-valued.
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Tabled  Average allocative efficiency between labour and fixed and
working capital for different-scale enterprise groups, 1980,

1985, 1988
1980 1985 1988
Allocative efficiency between labour and fixed capital
All sample enterprises 077 0.60 A,65
In which
Large-scale enterprises -0.60 J0.44 .44
Medium-scale enterprises -0.80 0.62 067
Small-scale enterpriscs -0.83 (.64 -0.72
Allocative efficiency between labour and working capital
All sample enterprises -1.18 -1.07 -1.09
In which
Large-seale enterprises -1.19 -1.08 -1.07
Medium-scale enterprises -1.19 -1.07 -1.08
Small-scale enterprises -1.16 -1.05 -1.17

However, an improvement in allocative efficiency can be ob-
served between 1980 and 1985. The average allocative efficiency of
all sample enterprises changed from -0.77 to -0.60 for the lab-
our/fixed capital comparison and from -1.18 to -1.07 for the lab-
our/working capital comparison over this period. This indicates
that the enterprises had become more sensitive to economizing
the use of fixed and working capital in production.

The key to understanding this trend is the changing nature of
the sources of investment for upgrading and innovation. These
contributed to the newly established fixed capital and working
capital. Reforms in industrial financing had barely begun in 1980.
Finance for investment for upgrading and innovation was chan-
nelled mainly through government planning. It would have been
rational for enterprises to try to obtain more investment funds
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from government authorities as the cost of investment to enter-
prises was actually negligible. However, following 1984, enter-
prises had to provide a considerable part of investment funds
from their own accumulated revenue. Enterprises’ behaviour to-
wards the use of this investment could be expected to change.
Clearly, enterprises should have considered the opportunity cost
of this investment as the same source of investment could be used
for other purposes, providing returns at full market value. There-
fore, enterprises should have tried to maintain the marginal prod-
uct of this investment at the same level as its opportunity cost. The
improvement in allocative efficiency of fixed capital was reflected
by the changed nature of this investment during the reform pe-
riod.

As far as working capital is concerned, interest rate charges on
enterprises’ working capital began in 1984 and provided enter-
prises with an incentive to use working capital more effectively
compared with the situation in 1980, when working capital was
mainly provided freely through government planning sources.

Nevertheless, it must be noted that allocative efficiency be-
tween labour and capital was still poor in 1985 and, more im-
portantly, the improvement in average allocative efficiency for all
sample enterprises over the period 1980-1985 was replaced by a
deterioration of allocative efficiency between 1985 and 1988 (al-
though, for the large-scale enterprise group, the level of average
allocative efficiency of fixed capital over labour remained the
;ame in 1988 as in 1985 and its level of average allocative effi-
-iency of working capital over labour improved slightly). As indi-
cated in Table 4, parameters for average allocative efficiency of
labour/fixed capital and labour/working capital of all sampled
enterprises changed from -0.60 to -0.65 and from -1.07 to -1.09
respectively between 1985 and 1988. This finding suggests that the
enterprises’ ability to improve allocative efficiency was largely
restricted by the distortions existing in factor markets.

A considerable part of enterprises’ fixed capital was inherited
from the pre-reform period and enterprises paid no financial cost
for its use. This contributed to the capital-biased allocative ineffi-
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ciency. More importantly, the virtually zero cost plan-allocated
fixed capital investment was still provided during the reform
period. Even if interest rates were charged for these investment
funds, they were low or even negative in real terms, making this
investment a “free gift” to enterprises.

Biased capital investment in the iron and steel industry was
encouraged by self-reliant regional development. Regional seg-
mentation of the industry increased during the reform period, and
the lack of reforms regarding ownership of industrial assets con-
tinued to restrict capital mobility between regions, sectors and
enterprises. Every region attempted to ensure its own iron and
steel production capacity. Because the basic capital investment for
an iron and steel enterprise was usually larger than that for other
enterprises, huge amounts of capital had to be invested by each
region into these enterprises. Moreover, other industrial re-
sources, such as coal and iron ore, were not equally distributed
across regions and, more importantly, were scarce relative to the
number of enterprises. Therefore, there were always enterprises
which could not maintain normal production because of the
shortage of industrial materials. On the one hand, working capital
had to be over-used to store the industrial materials that were in
short supply and, on the other hand, the working capital of these
enterprises had a low marginal productivity.

Although the reforms provided banks with the right to charge
interest rates for working capital, banks failed to set interest rates
according to an economic rationale and thus stimulate enterprises
to operate efficiently. The interest rate that banks charged re-
mained subject to mandatory administration from either the cen-
tral government or local governments. The interest rate on
working capital was thus also low and did not reflect the shortage
of its supply. According to Chinese statistics (State Statistical Bu-
reau of China 1990), the annual inflation rate for industrial mate-
rial in 1988 was 12 per cent. Compared with the nominal interest
rate for working capital, of 9.6 per cent, banks incurred a net cost
by providing enterprises with working capital. Enterprises bene-
fited by borrowing as much working capital as they could from
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banks. As the cost enterprises faced for working capital was essen-
tially negligible, it was rational for enterprises to use working
capital even if its marginal product was low. This factor, and the
shortage of industrial materials outlined above, contributed to
poor utilization of working capital and hence substantially higher
negative magnitudes for the estimated parameters of allocative
efficiency from working capital. These can also explain why the
simulated market interest rates for working capital are very high
{Table 5).

The economic reforms failed to create a labour market in the
industrial economy. Workers retained their job tenure. Because of
the lack of a well functioning labour market, managers could not
easily decide individual workers’ bonus levels through reference
to a market determined rate. Instead, workers put great pressure
on managers to increase the level of bonuses up to the highest
level observable in other enterprises so that a “competitive bonus
spiral” took effect. During the period 1985 to 1988, the share of the
wage bill in total net value of output increased from 18.7 per cent
to 23.6 per cent in 1988 (Nation-wide Industrial Investigation Of-
fice, State Economic Commission of China 1987 and The Ministry
of Metallurgical Industry of China 1988, 1989). This indicates that
the real cost of labour increased over the late reform period due to
the increase in the real wage level of workers. Hence, the higher
wage rates of 1988 were one of the key factors in the deterioration
of allocative efficiency.



258 Productivity, Efficiency and Reform in China's Economy

Table 5 Comparison between actual factor prices and simulated
market-clearing factor prices, 1980, 1985, 1988

1980 1985 1988

Wage rate (Yuan)
Actual 1200 1500 2200
Simulated 600 T00 920
Interest rate for fixed capital (%)
Mominal interest rate 4.3 13 78
Simulated interest rate 14.0 14.5 230
Inflation rate 6.0 5.8 18.5
Real interest rate 0.6 (.5 -33
Simulated market clearing real intercst rate 8.0 1.9 4.5
Interest rate for working capital (%)
Nominal 4.3 73 718
Simulated 6.0 9.5 40.0
Inflation rate 6.0 88 18.5
Real interest rate 0.6 -0.5 -3.3

Simulated market clearing real interest rate 30.0 30.7 21.5

Sources: Actual wage is taken from The Ministry of Metallurgical Industry of
China {1985-1989); Nation-wide Industrial Investigation Office,
State Economic Commission of China (1987). Simulated wage rate is
from the estimation. Nominal interest rate is from China People's
Bank (1987/10:9, 1989/4:10, 1990/1:22). Inflation rate is from World
Bank (1991). The real interest rate and simulated market clearing real
interest rates are calculated as the differences between nominal infer-
est ratc and inflation rate and simulated interest rate and inflation rate
respectively.

To shed more light on the extent of distortions in Chinese
industrial factor markets, the market clearing prices of capital and
labour have been simulated according to the structure of enter-
prises’ marginal factor productivity, The simulation results are
compared with the actual factor prices in Table 5. It is clear that a
much higher interest rate and a lower wage level would have been
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necessary to achieve the average allocative efficiency of enter-
prises in the industry. Also, the inflation rates in the three years
are also provided in Table 5. From the inflation rates, the real
interest rate and the simulated market clearing interest rate can be
calculated as the differences between nominal interest rates and
inflation rates and simulated interest rates and inflation rates re-
spectively. It can be seen that the real interest rates are almost zero
in 1980, and negative in 1985 and 1988. This indicates that there
was no real cost at all for enterprises to obtain loans from banks.
As mentioned above, the simulated interest rates for working
capital were very high. Compared to the rates for fixed capital, the
higher rates for working capital could be attributed to their short-
term nature.

Scale Efficiency

Equation (11) was used to calculate the parameters of scale effi-
ciency. According to the formulation, a negative value of the scale
efficiency parameter for an enterprise indicates an excess of out-
put price over marginal cost. This implies that such enterprises are
operating below their optimum production scale. On the other
hand, a positive estimate of the scale efficiency parameter indi-
cates an enterprise producing marginal cost above output price
and operating above its optimal production scale.

Since the analysis involves a period of almost ten years (1980-
1988), the estimated scale inefficiencies are treated as long-term
inefficiencies of enterprises. Marginal cost curves of enterprises
are hence long-term. In the long term, the marginal cost curve is
an upward sloping curve which intercepts the price line only
once. This means that there is a unique optimal scale of produc-
tion for the enterprise at which the marginal cost of the enterprise
is equal to the prevailing market price (McCloskey 1982; Call and
Holahan 1983). Following the criterion of scale efficiency, enter-
prises producing over their optimal scales (their marginal costs
are larger than the prevailing price) should reduce their produc-
tion and enterprises producing under their optimal scales (their
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marginal costs are less than the prevailing price) should increase
their production. It should be pointed out that the analysis of scale
economies or optimal scale is usually based on the long-term
situation of enterprises. However, if the short-term situation of
enterprises is considered, one may observe a U shape marginal
cost curve of enterprises. The change of an enterprise’s production
in regard to the relationship of its short-term marginal cost curve
and prevailing price should be the same as that in the long-term
situation if only the section of upward sloping curve of the short-
term marginal cost curve is considered. But if the section of down-
ward sloping curve is considered, enterprises should always
expand their output no matter what the prevailing market price is.
In other words, whether marginal cost is less or larger than the
prevailing price is irrelevant in deciding the change of scale of the
enterprise's production if the section of downward sloping curve
is considered. This is why the analysis of scale efficiency which
compares marginal cost with price usually considers the long-
term marginal cost curve only, simply because the comparison
between short-term marginal cost curve (the section of downward
sloping curve) and price does not make any sense. Therefore, the
estimated scale inefficiencies should be explained in terms of
long-term marginal cost rather than short-term marginal cost of
enterprises. The limitation of analysis of scale efficiency should
then be noted because the estimated long-term scale inefficiencies
of enterprises may not reflect the adjustment of short-term mar-
ginal cost of enterprises.

Price discrimination between different-scale enterprises
under the two-tier price system and its impact on enterprises’
scale efficiency is captured by estimates based on two different
kinds of output prices. The weighted unit value of iron and steel
products from large-scale enterprises, as mentioned before, will
be used as the base price, i.e., that which every enterprise should
be able to charge. A hypothetical market clearing price will be
decided for the small-scale enterprises. More specifically, if small-
scale enterprises charge this hypothetical price, their marginal
cost on average will equal the hypothetical price and hence on
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average scale efficiency would be achieved. Since most small-scale
enterprises were profitable over the period studied, this hypothet-
ical price would be the bench-mark price which the small enter-
prises would have to charge. It is then possible to compare this
benchmark price with the base price and obtain an indication of
the extent of price distortion. The estimates are reported in Table
b.

Table 6  Average scale efficiency of different size enterprise groups,
1980, 1985, 1988

1980 1985 1988
P me®  p MP P MP
Large-scale enterprises  -0.17  -0.42 021 -0.41 -0.10  -0.63

Medium-scale enterprises 022 -0.04 0.16  -0.04 027 -0.26
Small-scaleenterprises  0.26 Q.00 019 000 049 0.00

Motes: (1) Estimates from weighted unit value of iron and steel products
from large-scale enterprises.
{2} Estimates from the hypothetical market clearing price at which
small-scale enterprises would on average achieve scale effi-
ciency.

Considering the average scale efficiency of each enterprise
group over the studied period, the estimates based on the base
price for iron and steel in Table 6 indicate that, on average, the
large-scale enterprises were operating under their optimal scale.
That is, their marginal cost was lower than the base price of
output. On the other hand, the medium- and small-scale enter-
prises on average were operating above their optimal scale. That
is, their average marginal cost was higher than the base price of
output.

Which factors enabled medium- and small-scale enterprises to
operate at levels above their optimal scale and produce at mar-
ginal cost that was greater than the output price? The estimates
based on the hypothetical market clearing prices necessary for the
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small-scale enterprises on average to achieve scale efficiency pro-
vide some clues into this problem. The hypothetical prices were
580, 510 and 1100 yuan for 1980, 1985 and 1988 respectively and
the base prices were 321, 324 and 326 yuan in 1980, 1985 and 1988
respectively. The divergence between the two different types of
prices was very great, especially in 1988. The implication of these
estimates is clear. If small-scale enterprises had charged higher
market prices, they would have avoided economic losses. If me-
dium-scale enterprises had charged such prices, they would even
have earned economic profits.

The absolute difference between the scale efficiency of large-
scale enterprises and that of small-scale enterprises may suggest
that the price distortion in goods market may have provided
chances for the expansion of medium- and small-scale enterprises
in the Chinese iron and steel industry. If the price distortion can be
reduced, one may predict that the large-scale enterprises with
obvious economies of scale (lower marginal cost) could capture
more production share from the medium- and small-scale enter-
prises. This redistribution of production share could then improve
scale efficiency in the Chinese iron and steel industry.

VII. Conclusion

Technical efficiency for most enterprises was found to have im-
proved over the economic reform period. This basically supports
the hypothesis that, as various incentives, such as profit retention
and bonus policies, were provided to enterprises and workers,
they utilized production factors more effectively and achieved
higher productivity. The large-scale enterprises are found to be
relatively more technically efficient than medium- and small-scale
enterprises.

The estimates of allocative inefficiency indicate that factor
markets were distorted with labour being over-paid and capital
under-paid. Nevertheless, allocative efficiencies between all stud-
ied inputs were also found to have improved slightly over the
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reform period. While this finding seems to support the hypothesis
that enterprises should seek to economize on their production
factors and thereby improve their allocative efficiency, caution
should be paid to the absolute level of allocative inefficiency in the
estimated reform years and the trend of deterioration of allocative
efficiency in the late reform years (1985-1988). A more realistic
explanation of the estimated result is that the ability of enterprises
to improve their allocative efficiency was restricted by distortions
in factor markets. Moreover, increasing distortion in factor mar-
kets would lead to the failure of enterprises to rationalize their use
of production factors. The simulation for the hypothetical situa-
tion of average allocative efficiency of all sample enterprises indi-
cates that capital should have been valued much higher, and
labour, on the other hand, should have been valued much lower.
Particularly, the interest rate for working capital should have been
much higher than the prevailing rate. Hence, the policy implica-
tion of these results is that giving enterprises the right to maximize
profits is a necessary but not a sufficient condition for optimal
resource allocation. The sufficient condition is to create func-
tioning factor markets which will give correct market signals to
enterprises.

From the estimates of scale inefficiency based on the base
prices, large-scale enterprises were found to operate below their
optimal scale and medium- and small-scale enterprises were
found to operate above their optimal production scale. From the
estimates based on the hypothetical market clearing prices for
small-scale enterprises, it is revealed that medium and small en-
terprises should have charged much higher prices for their output
to make profits. The existence of the substantial difference of scale
inefficiency between different enterprise groups may hence be
largely due to the price distortion in goods market.
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Notes
1. Kornai (1980) argued that typical plants in centrally planned

economies were not normally restrained by fears of loss or
failure of production because their production was externally
decided by a central plan. The central decision makers took all
responsibility for ensuring input supply to support the pro-
duction and commercial distribution of the final products.
Therefore, the survival of plants in a centrally planned econ-
omy was hardly contingent on their ability to cover all their
costs out of their sales proceeds since grants, subsidies and tax
favours could be negotiated to fill the gap. The basic motiva-
ting force for plants was a strong quantity drive, that is, an
incentive to increase output as far as possible given available
resources, In relation to investment, there was an incentive to
initiate and undertake investment projects to expand the scale
of operation by seeking more favourable offers from a central
economic plan, without any concern for whether this expan-
sion produced net economic benefits for the country.

Some studies (Chen et al. 1988a; Dollar 1990; Li 1990; Lau and

Brada 1990) indicate that the total factor productivity of the -

Chinese industrial sector improved during the reform period.
However, some studies (Lardy 1987; Du et al. 1990) found that
the productivity gains due to the reforms were rather poor
and that they even deteriorated in some years. Different meth-
odologies used for these studies may be the cause of this
divergence. But it might also be that all these estimates are
more or less biased in favour of one of the two effects dis-
cussed in the text. The optimist estimates were biased towards
the effects on the transition in plants’ behaviour; the pessimist
estimates, towards the effect of imperfections related to the
Chinese market mechanism.

Numerous studies have been conducted on the workers’ role
in determining plant’s investment patterns in Yugoslav lab-
our-managed plants (Bonin 1985; Mitchell 1989). The main
finding was that workers in labour-managed plants could not
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recover the principal remaining on self-financed investment
upon leaving the plant; therefore, all benefits from self-fi-
nanced investment must accrue through increased salaries
during the workers’ tenure with the plant. This requirement
gives rise to a horizon problem, which refers to the relative
unwillingness of workers who are nearing the end of their
association with the plant to retain earnings for self-financed
investment. The effect of the behaviour of Chinese workers on
plant’s investment is very similar to that of the labour-man-
aged plants’ workers in the sense that Chinese workers only
take the income increase in the contracted period as their own
benefit but treat the plant’s long-run profitability as some-
thing beyond their control and even as a contrary factor to the
increase of their income.

This is the case when the restricted mode with |L set to zero is
estimated. When this restriction is relaxed, the grid search
involves values of yand p along with adjustment of estimates
for agand &,
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Growth, Efficiency, and Structure
Change in Chinese Manufacturing
Industries in the 1980s

Zheng Yuxin

In a recent paper (Jefferson et al. 1992) on the measurement of
productivity changes in the state-owned and the collective indus-
tries, we concluded that there seemed to be an increasing trend
toward industrial productivity as well as a convergence of pro-
ductivity between the state-owned and the collective industries in
the 1980s. This chapter is a further study to explore the productiv-
ity and the sources of growth at a disaggregated level. This study
is limited to the manufacturing industry which is the most import-
ant sector in the national economy; and in doing so, the problem
of price distortions induced by the low prices of primary products
can be avoided to some extent. The manufacturing industry is
divided into 37 sectors (see Table 1). The classification of the
manufacturing industries in this chapter is consistent with the
international standard. The sectoral analysis will help us to dis-
cover information lost or obfuscated at the aggregate level; fur-
thermore we can have a better understanding of the sources of
growth and productivity.
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I. Methodology

In order to investigate quantitatively output growth and produc-
tivity change between the whole manufacturing sector and its
subsectors, we first construct a two-tier production model: a pro-
duction function of the manufacturing sector at one level and
production functions of subsectors at another level. We express
the output of each sector as a function of intermediate input
(materials), capital input, labour input, and time.

Z=FX K LT (i=1,2..n) (1)

where Z; is output in subsector i; X, Kj and L; are intermediate
input, capital input, and labour input in subsector i respectively; T
is time. Under the assumptions of producer equilibrium and con-
stant returns to scale, the output elasticities of intermediate input,
capital input, and labour input are equal to their respective shares
of compensation in output value respectively:

_dLnZ;, P X
T alnX;, g Z
']L - _aLiZJ —- Pi Kl
T Ok, g2
. dlnZ, _PiL
W= oL, " 7.2,

where q; Z, = P, X, + PL Ki + Pi L;, and q, ., P\, P are output price,
prices of intermediate input, capital input, and labour input re-
spectively. The growth rate of productivity in each subsector is
defined as the rate of change of output with respect to time when
X, K and L are kept constant:

i _ OLNZ;
A= Frik

In the definition, there is no limitation to the form of input substi-

tution. Comparing period T with T-1, we may compute the aver-

age grow rate of productivity using the following expression:

Growth, Efficiency, and Structure Change 275

AYT) = LnZ{T) - LnZ{T=1) = a[LnX{T) — LnX{T-1)]
— G4[LnK(T) — LnK{T-1)] = &4 [LnL{T) - LaL(T-1)] (2)

where
&= [04(T) + oi(T-D)]
&=L [oiT) + od(T-1)]

2
o= % [od(T) + ol (T-1)]

AT =5 [A(T) + A(T-1)]

We assume that the aggregate production function of the
manufacturing sector has the same form as its subsectors, i.e.,

Z=FX, K, L T).

Under the same assumption of producer equilibrium and con-
stant returns to scale, the relationship between output growth and
growth of inputs from T-1 to T can be expressed as follows:

LnZ(T) - LnZ(T-1) = A(T) + Gu[LnX(T) - LnX(T-1)]
— T LnK(T) — LnK(T-1)]
- oy [Lnl(T) - LnL(T-1)] (3)

where the definitions of output elasticities of input and growth
rate of productivity are the same for the subsectors. The variables
in the aggregate and subsector production functions have the
following relationships:

K=YK,L=YL X=X ,Z=YZ.

From Equations (2) and (3), we may derive the quantitative
relations among growth, the changes in productivity and the in-
dustrial structure with respect to manufacturing and its sub-
sectors. We multiply the two sides of Equation (2) by Wi = Z;/EZ,
the share of subsector i in total manufacturing; then summing
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over all subsectors, and subtracting from Equation (3), the result-
ing equation is:

AM= IWAT
+([LnZ(T) - LnZ(T-1)] - EWHZH(T) - ZAT-1)]
+ [ ZWOHLnXHT) - LnXAT-1)] - Gl LnX(T) = LnX(T-1)]}
+ [T Wl LnK{T) — LnK(T-1)) - GlLnK(T) - LuK(T-1))}
+ {EWG{LnLAT) - LnL{T-1)) - GelLnL(T) - LaL(T-1))}.  (4)

We will analyse the sources of growth in the manufacturing
sector by Equation (3), and the sources of productivity changes by
Equation (4). In Equation (3), the growth of the manufacturing
sector is divided into four parts, i.e., rise in productivity, growth
in labour, capital and intermediate input. In Equation (4), the
growth of productivity in the manufacturing sector is divided into
five parts, i.e, the weighted sum of productivity growth in all
subsectors, the effect of changes in output structure, the effect of
reallocation of intermediate input, capital input, and labour input
among subsectors.

We do not assume that

F(X,K.L, =% F(X, K, L. T.

This information requires such aggregation property as the Gor-
man condition.' In fact, the aggregate production function is not
likely to be the simple sum of subsector production functions.
Intersectoral effects, which are exactly what we will analyse, can-
not be ignored.

Qutput elasticities are estimated by the income-share method.
Some have questioned whether the method can be applied to the
Chinese context. However, we think that the errors associated
with this method may not be much larger than those of other
methods. An equilibrium condition of some form has to be postu-
lated anyway. Other than the constant returns to scale, the in-
come-share method does not require more assumptions. Any
method has its own problems when economic growth fluctuates
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significantly, and there are no data on the utilization rate and on
the extent of price distortions. The parameters estimated by the
regression method can hardly reflect the true relation between
output and its inputs. When estimating the frontier production
function using micro data, there exists a problem pertaining to the
variation in the nature of production and the technological level
across micro units. In any case, the results are only ap-
proximations. In the economic reform in China, labour income has
increasingly been linked to the economic performance of the en-
terprises. The relationship between labour cost and output has
changed fundamentally; more than ever before, wage has been
determined by market forces. At present, the distortion of labour
price lies mainly in income egalitarianism between the material
and non-material production departments, and among the labour
force in various sectors and enterprises. To some extent, income
differentials among sectors reflect the dispersion of labour output
elasticities in these sectors. Although the price system is distorted
and incomplete, it has been used for accounting purposes and as
the standard for the value of goods and services. The price system
(though distorted) determines objectively the behaviour of the
people as well as the substitution relationship between capital and
labour. In fact, empirical studies show that many sectors’ output
elasticities tend to be negative when they are more disaggregated.
This phenomenon does not show up in estimates derived by the
income-share method.

We should point out that the practical experience in comput-
ing productivity shows that the results are very much affected by
the selection of price indexes for deflating the time series of input
and output data. The results are not very sensitive to estimates of
output elasticities; this is particularly true for the trends of the
results. The discussion of what method to adopt only solve the
problems with respect to coefficient estimation. If there is no ad-
justment or correction of the defective data, the results will not be
reliable, regardless of the method.
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11. Data and Estimates of Coefficients

Our model assumes a production function with three inputs. We
focus on the whole manufacturing sector. The period analysed is
from 1980 to 1990. Since 1985, China has adopted a new industrial
classification which is consistent with the international standard.
As a result, we can compile a complete data set for the manufac-
turing sector after 1985. Since the classification adopted before
1985 is rather crude, it is difficult to reclassify data from the old
system according to the new standard, at least according to the
data available. The manufacturing sector is divided into 37 sub-
sectors. It is impossible to adjust data before 1985. Data from the
1985 industrial survey are used. In this survey, many variables
have 1980 and 1984 data according to the new classification. Thus
we have data for 1980, 1984, 1985-1990.

To render our analysis more accurate, we make some neces-
sary adjustments to the existing data:

Gross output: Gross output value is in 1980 constant prices.

Capital input: Adjusted productive gross fixed capital stock is
used. Since we focus on growth and productivity, only the part of
factor input which is related to production is incorporated. Be-
cause the intermediate input is a separate production factor here,
capital input should not include working capital. Why do we use
gross capital stock? In order to compute change in productivity,
we need a quantitative index of fixed capital stock. According to
the definition of the production model, capital input is the flow of
service from capital used in the production process. Assuming
that the flow of service is proportional to capital stock, we use
capital stock as a proxy for capital input. The amount of capital
input should reflect its instantaneous production capacity; as a
proxy, capital stock also should have the same property. Since
fixed assets often exhibit constant efficiency or production capac-
ity over the lifetime of the capital goods — and so the quantitative
measure of capital stock with this characteristic corresponds to the
gross capital stock — thus gross capital stock approximates capital
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input more closely than using net capital stock according to the
requirement of the neoclassical growth theory.

However, data of gross fixed assets are their book values. We
use the following equation to compute the value of gross capital
stock at 1980 constant prices:

DKFOP{(T) = KFOP;(1980)
— ¥ [KFOP(T) - KFOP{T-1)}/Pu(T)
(T=1981,..1990;i=1,2,..,37),

where DKFOP;(T) represents the value of gross capital stock at
1980 constant prices in sector i at year T, KFOP|(T) represents the
book value of gross capital stock in sector i at year T, Pui(T)
represents the price index of the newly added capital stock in
sector i at year T (the value for 1980 is 1). The price of capital goods
was quite stable before 1980, so only the data for newly added
capital stock after 1980 are deflated. The capital stocks of different
sectors have different compositions of capital goods, and the price
movements of different capital goods are not the same, therefore
different sectors have different price indexes for newly added
capital stocks. We construct capital deflators sector by sector. In
this way, we may avoid the distortions induced by using a unique
deflator for all sectors.

Labour input: We use the number of productive employees.
The average number of employees is the only variable available.
We assume that the share of productive employees in the total
number of employees is the same as the share of productive gross
capital stock in total gross capital stock, and compute the number
of productive employees using the share of the latter. Labour
input does not take into account changes in the quality of labour.
Similar to our treatment of capital, the change in the quality of
labour is reflected in the change in overall productivity.

Intermediate input: Data on intermediate input are not avail-
able. The following equation is used to compute intermediate
input at 1980 constant prices,

X{T) =[GV(T) - NV{T) — DEP(T))/Px.AT)
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where GV, NV, and DEP; represent gross value of output, net
value of output, and depreciation value at current price in sector i
respectively. P, represents price index in sector i, X; represents
intermediate input of the ith sector at 1980 constant prices. P, is
derived using price indexes of sectoral output and the input-out-
put table. Since 1985, the urban household survey conducted by
the State Statistical Bureau (S5B) has been publishing price in-
dexes of raw materials, fuel and power each year. Though our
price index of intermediate input constructed is lower than that
published by SSB, we believe it is more reliable. The price index
published by SSB is derived from sample surveys. The sample is
not large enough, and there is a tendency for enterprises to exag-
gerate their costs. In addition, our indexes are consistent with the
price indexes of gross output value, thereby minimizing the com-
putational error.

As mentioned above, the income-share method is adopted to
estimate output elasticities of inputs. Data on capital compensa-
tion are more difficult to find than that on labour compensation.
Postulating constant returns of scale, the share of labour compen-
sation is first estimated; shares of value of the intermediate input
and labour compensation are then subtracted from 1 to arrive at
the share of capital compensation. Hence, the main task is to
estimate the labour compensation.

Data on the “sum of wage and salary” are the only figures
available. According to the regulation of SSB, the sum of wage and
salary includes all incomes that an employee receives directly,
e.g., basic wage and salary, various bonuses and subsidies. How-
ever, the sum of wage and salary is not the total labour income. In
China, two major adjustments have to be made, i.e., adding the
welfare fund retained by the enterprise and bonus and welfare
funds from retained profit to the sum of wage and salary. An
amount equal to a given percentage of the total wage and salary is
set aside as the enterprise welfare fund to pay for health care
services and collective welfare programmes. Figures on the total
wage and salary by sectors are available; data on sectoral welfare
funds do not exist on a yearly basis. The only figures on the
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sectoral welfare fund are those from the 1985 industrial survey.
Assuming that the ratio of the welfare fund to total wage and
salary remains constant over the years, the 1985 ratio is used to
estimate the welfare fund of each sector in other years. The bonus
and welfare funds from retained profit are not included into the
labour cost. Only state-owned enterprises (SOE) compile statistics
on these special funds. The ratio of the value of these funds to
retained profit for the SOEs is used in estimating these funds for
all enterprises.

The output elasticities of labour, capital and intermediate
input of 1980 and 1990 from the method of income share are
reported in Table 1.

As a result of the economic reforms, enterprises have been
granted more and more autonomy, and the degree of marketiza-
tion has increased constantly. The economic environment of
China is getting closer to those conditions prevailing in a market
equilibrium, at least at the margin. In Table 1, the results are
reasonable. The output elasticity of labour goes up and output
elasticity of capital goes down over time, consistent with the pre-
vious results based on time series data of state-owned enterprises
using the translog production function (Chen et al. 1988a).

II1. Growth of the Manufacturing Sector and the
Sources of Growth in the 1980s

Growth and Change in Structure

The years 1984 and 1988 are the two years in 1980s critical to the
economic development of China. In 1984, urban economic re-
forms were introduced on all fronts, and the dual pricing system
was put into operation, invigorating the national economy. In
1988, the government implemented contractionary economic poli-
cies, and the national economy sharply declined. The average
growth rate of the Chinese manufacturing sector was 11.11 per
cent for the whole of the 1980s, 9.83 per cent for 1980-1984, 15.03
per cent for 1984-1988 and 6.09 per cent for 1988-1990.
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As shown in Table 2, there exist large differences in growth
rates between sectors, with five sectors [animal feed (42 per cent),
home electrical appliances (31 per cent), home electronic appli-
ances (27 per cent), chemical fibres (22 per cent), and electronics
and communications equipment (except home electronic appli-
ances, 20 per cent)] whose growth rates are over 20 per cent. Six
sectors having the lowest growth rates of less than 8 per cent are
food, petroleum products, cotton textile, ferrous metallurgy, the
supply of electricity, non-ferrous metallurgy. The growth rates of
the remaining sectors are very close to each other. The differential
growth rates lead to a change in the output structure. Figure 1
reports the shares of 37 subsectors in manufacturing in 1980 and
1990. Sectors whose shares experience the largest increases are
home electrical appliances, home electronic appliances, textiles
(except cotton textile), chemical fibres, tobacco, electronics and
communications equipment, and beverages. The sectors whose
shares decline the most are petroleum products, machinery (ex-
cept machinery for daily use), the supply of electricity, machinery
for daily use, rubber, cotton textile, and instruments. But these
sectors whose shares increase the most are the main growth poles
in the 1980s. During the 1980s, the four sectors whose shares grow
continuously are: tobacco, animal feed, chemical fibres, and elec-
tronics and communications equipments. Only three sectors grow
continuously: food, printing and consumer durables (subsectors
30, 33, 35 etc. in Table 2). The shares of the other 30 sectors do not
exhibit a discernible trends suggesting that the Chinese economic
development in 1980s is not very stable.

Many economists have explored the laws governing the evo-
lution of the industrial structure. What is the relationship between
the change in productivity and industrial structure? In the 1980s,
growth rates differ significantly across sectors. What are the rea-
sons? Owing to data limitations, it is hard to give a quantitative
analysis. But we may give some qualitative explanations based on
such forces as technological push and demand pull. Generally
speaking, relative rates of growth for some sectors depend simul-
taneously on technical push and demand pull. The technological
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levels in different sectors are not equal and are related to the
characteristics of the products of different sectors. The rise in
technological level mainly affects demand in two directions: (a) by
creating new consumer goods, and (b) by increasing demand by
raising efficiency and lowering cost. Demand also acts indepen-
dently as a constraint on production in a given sector. It is the
interaction of technology and demand that determines the scale
and level of production of a product.

Those sectors that grow fast (such as, home electrical and
electronic appliances) have easy access to technologies and have
huge demand. The technologies of these sectors are all relatively
mature in the world market, the cost of technology transfer is thus
relatively low. The growth of these sectors is induced by a techni-
cal push in the early 1980s, followed by rapid expansion as a result
of demand pull. The weakening of demand ushers in a period of
slow growth at the end of the 1980s.

The sluggish sectors, such as, electricity, non-ferrous metal-
lurgy and ferrous metallurgy also experience a strong demand
pull, but their technologies are capital-intensive and the cost of
acquiring advanced technology is higher. In addition, technical
progress in these sectors is slow relative to that of the rising
industries due to the nature of their products. Technical push is
thus comparatively weak. Furthermore, problems associated with
the system governing the allocation of investment funds also ad-
versely affect the development of these sectors.

Though no discernible relationship seems to exist between
sectoral growth rates and the productivity levels, a close link
between sectoral growth rates and the changes in productivity is
detectable. From Table 2, the three sectors that have the highest
productivity growth rates are electronics and communications
equipment (6.6 per cent), home electronic appliances (5.7 per
cent), home electrical appliances (5.3 per cent). Their output
growth rates are all over 20 per cent. The seven sectors with
negative productivity growth are ferrous metallurgy, non-ferrous
metallurgy, petroleum products, coke and coal products, electric-
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ity, beverages and tobacco. The growth rates of most of these
sectors are lower than the average.

The correlation may be due to the high growth rates resulting
in the fuller utilization of capacity in the short run, and economies
of scale in the long run exerting a favourable impact on productiv-
ity.

Table 3 depicts an obvious correlation between output growth
and productivity growth, but it seems that there are no economies
of scale at the sectoral level. For example, the growth rates of
output in the seven subsectors with negative productivity growth
rates are all positive and not too low.

Table3  Joint distribution of productivity and output growth rates
for subsectors of manufacturing {number of subsectors),

1980-1990
Average Average growth rate of output (%)
growth rate of
productivity (%) 6-8 8-10 10-12 12-14 14-16 16-18 18-20 >20 Total
<0 4 | 2 7
0-1 1 3
1-2 3 4 2 1 10
2-3 1 2 2 1 1 7
34 1 1 1 1 4
4-5 1 1 1 3
5-6 2 2
>0 I 1
Total 6 6 8 8 1 2 1 5 37

Analysis of Growth Factors

Using Equations (3) and (4), we may attribute the output growth
of manufacturing and its subsectors to the growth of productivity,
labour, capital and intermediate input. Using Equation (4), we
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may decompose the productivity growth of manufacturing into
the productivity change of subsectors, the change in output struc-
ture and the reallocation of input factors.

At the sectoral level, intermediate input is the major source of
output growth in all but one sector (see Table 2). After intermedi-
ate input, there are 22 subsectors where capital growth has the
largest contribution to output growth, and 15 subsectors with
productivity growth having the largest contribution. Even though
there are more subsectors with capital contributing more than
technological change to output growth, yet the overall picture is
that technological change is more important than capital as the
source of output growth.

For the manufacturing industry as a whole, Table 4 shows
that the growth of the intermediate input is the major source of
growth during the 1980s, and the contribution due to the realloca-
tion of intermediate input is very small, especially from 1984 to
1988. The contribution of capital input is lower than that of inter-
mediate input but higher than that of productivity and labour
from 1980 to 1984. In the same period, productivity’s contribution
exceeds that of capital; ignoring intermediate input, productiv-
ity’s contribution to the remaining part (value added) of growth is
53 per cent from 1984 to 1988.

From 1988 to 1990, capital input’s contribution to growth goes
up, and productivity’s contribution to growth goes down sharply.
The slump in productivity after 1988 reflects the abnormal growth
due to the implementation of the policy of enterprise subcon-
tracting. Here, 60-70 per cent of the productivity increase of the
manufacturing industry comes from the increase in the productiv-
ity of the sector in the normal years, but only about 10 per cent
from 1988 to 1990. The contribution of the subsectors productivity
to manufacturing growth is less than 1 per cent, and is less than
that of labour input. The slow growth of productivity in manufac-
turing is largely attributable to the slow productivity growth in
the subsectors. The tight government policy leads to equipment
being left idle, resulting in unemployment of resources and a
policy-induced depression.

18.15
11.00
362
-0.08
3352
0.10

1980-90
11.11
4.25
9.15
9.70
193
4.16
17.58
59.66

62
0.98
1.19
039
536
0.70

1988-90
6.09
1.00

10.30
0.51
213
8

29.30
5993

523

1984-88
15.03
5.11
10.84
13.11
in
4.33
14.80
21.86
14.19
3.30
-0.04
2.55
-0.14

59.01

1980-84
9.80
5.04
1.76
8.73
1.62
5.85

18.99
58.04
11.76
0.74
0.29
4.85
0.05

17.12

Growth sources of manufacturing (%)

(10} Subsectors productivity growth
{11} Change in output strugture

{12) Reallocation of labour
(14) Reallocation of intermediate input

(6} Labour input growth
(7) Capital input growth
(8) Intermediate input growth
(9}  Productivity growth

(13) Reallocation of capital

{4) Average annual growth rate of intermediate input

{5) Average annual growth rate of productivity
Contribution to output growth (output growth = 100)

{1} Average annual growth rate of output
{2) Average annual growth rate of labour input
(3) Average annual growth rate of capital input

Table 4
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The period 1984-1989 is the period when the productivity of
the manufacturing industry experiences the fastest expansion, but
its contribution to growth (value added) is only 53 per cent and is
low compared with developed countries in the 1960s and 1970s. In
most of the OECD (Organization for Economic Co-operation and
Development) countries, productivity’s contribution to growth
{value added) is more than 60 per cent in the 1960s and about 50
per cent after the oil crisis in the 1970s. With China undergoing a
period of economic reform, the rise in productivity may be partly
explained by the release of potential capacity. The contribution of
technical progress to productivity growth would be even smaller
if the effect of the release in potential capacity be taken into ac-
count.

Table 4 reports the contribution of the reallocation of inputs to
growth. The effect of the reallocation of labour and intermediate
input is less than 1 per cent. The effect of the reallocation of capital
input, though small, cannot be ignored, especially from 1988 to
1990. It is 1.5 times the contribution of labour growth to output
growth,

In the 1980s, the average contribution of the change in output
structure to growth is about the same as that of the reallocation of
capital, but the patterns of change are different. The contribution
of the change in output structure increases and then falls; the
contribution of the reallocation of capital exhibits the opposite
pattern. The change in the output structure is the result of the
reallocation of capital; however the change in the output structure
comes about with a lag.

In addition, the contribution of change in output structure
and reallocation of inputs [ie., the sum of item (11} to item (14) in
Table (4)] may be regarded as a deviation from the assumption
that the aggregate production function is the sum of the sectoral
production functions. The deviation is 5.36 per cent for 1980-1954,
7.76 per cent for 1984-1988, 7.64 per cent for 1988-1990 and 7.15 per
cent for 1980-1990. The subsectors can be further decomposed into
more disaggregated sectors. The relationship between production
functions of different aggregate levels can be depicted by Equa-
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tions (3) and (4), i.e., the change in productivity at a more aggre-
gate level can be decomposed into the weighted sum of productiv-
ity changes and the sum of input reallocation effect at a less
aggregate level. The higher the degree of aggregation, the more
the contribution of the change in the output structure and the
change in productivity is. The aggregate production function is
thus not the simple summation of subsector or enterprise produc-
tion functions. The interaction among sectors or enterprises can-
not be ignored. We may also think of the deviation as the
efficiency gain from reallocation of resources.

IV. Conclusion

There is a rapid expansion of the manufacturing industry in the
1980s. Intermediate input is the factor with the largest contribu-
tion followed by productivity, capital and labour. The rise in the
productivity accelerates before 1988 implying that the reform is
effective.

However, the reform-induced release of the productive po-
tential largely explains the increase in productivity implying that
technical progress is slow compared with developed countries.
China should thus develop formal mechanisms to promote tech-
nological change.

The output structure experiences significant transformation
in the 1980s. Though the change in and reallocation of input
factors do not have an important effect on growth in the manufac-
turing industry, the effects of the change in the output structure
and the reallocation of capital should not be overlooked.

There is a large dispersion of productivity levels and growth
rates among the subsectors. No trend of convergence is discem-
ible because of the nature of their production processes. We can-
not explain the dispersion by resorting to supply-side factor alone.
However, it is obvious that growth promotes productivity in-
crease, which in turn has a discernible effect on growth.
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The sluggishness of the basic industries suggests that the state
should allocate more resources to promote productivity growth
through technical progress in order to rectify the backwardness of
these industries.

Note

1. According to the Gorman condition, the aggregation of sub-
sector production requires that the expansion paths of all
subsectors or firms are parallel lines through their origins.
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Efficiency Loss from Resource
Misallocation in Shanghai’s Industry

Jung-chao Liu
Yao Xitang

I. Introduction

The aim of this chapter is to measure the efficiency loss resulting
from misallocation of resources, as revealed by the inequality of
the marginal rate of substitution (MRS) among factors in the eight
branches of Shanghai industry. In general, the observed situation
can be characterized by the absence of equality between the MRS
of factors in Shanghai’s industrial branches. Hence the realloca-
tion of factors so as to make the MRS equal for each industrial
branch will have less factor use for the same output. In other
word, the factor saving which could be obtained in producing a
given output is to be identified as an efficiency loss. This measure
of efficiency captures the degree to which each industrial branch
deviates from a given overall average. To check whether the devi-
ation is due to industry-specific reasons, alternative optimal capi-
tal and labour will also be calculated.

Economic reforms initiated in 1978 have resulted in decentral-
ization of resource allocation. A rigid central planning has been
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replaced by enterprise autonomy. The trend has been to rely more
on the market mechanism to allocate both inputs and outputs. It is
of interest, therefore, to evaluate the performance of Shanghai's
industry resulting from these reform measures.

The chapter is divided into four sections. First, the brief sketch
of Shanghai’s industry is presented in Section II. In Section III, the
methodology of analysis is explained. Section IV discusses the
statistical data used in the study. Section V presents the efficiency
loss calculated. The final concluding section (VI) gives the policy
implications and the limitations of our study and suggests future
research.

II. Shanghai’s Industry

The Position of Shanghai's Industry in China

Shanghai has been China’s biggest industrial centre. [t reached the
peak of its share of industrial output in the nation in 1980. By then
the value of industrial output in Shanghai was 11.6 per cent of the
national total. Shanghai’s export of industrial products was taking
up 23.3 per cent of the national total, and its sales profit was as
high as 32.9 per cent, ranking the best in China." In the 1930s and
1940s, Shanghai had been the financial and trading centre in East
Asia. Since 1949, due to the large volume of energy and raw
materials supplied through the central government planning,
Shanghai has continued its industrial development, encompass-
ing a comprehensive industrial structure with textile, metallurgy,
machinery and chemical industries forming the four pillars.

Technological Progress in Shanghai’s Industry

Before 1980, Shanghai was not only the biggest industrial centre in
China but it was also taking the lead in the nation’s technological
progress. According to the estimation (done by the Economic
Research Institute of the State Planning Commission and Beijing
Machinery Research Institute) on the rate of technological contri-
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bution of each province and municipality from 1964 to 1982,
Shanghai had a rate of 34.8 per cent, which was much higher than
the national average of 20.1 per cent.’ Fudan University in Shang-
hai did a similar calculation, and their estimation of Shanghai’s
rate of technological contribution from 1952 to 1982 was 39.1 per
cent.’ Compared with the developed countries and newly indus-
trialized countries, this rate of progress was not high, but it was
still the highest in China.

Change of Status in the 1980s

Sirce the 1980s, Shanghai’s relative position in China has changed
dramatically. On the one hand, the general reform has greatly
facilitated the economic development in all parts of China, espe-
cially in areas such as Guangdong, Jiangsu, Shandong and other
provinces and cities on China's southeast coast, where industry
has rapidly developed; on the other, due to the deep-rooted man-
agement tradition of the centrally planned economy, Shanghai’s
industrial growth has slowed down. It has no longer enjoyed its
leading position. The value of Shanghai's industrial output has
decreased from 11.6 per cent of the national total in 1980 to 6.8 per
cent in 1990; industrial exports have fallen from 23.3 per cent of
the national total to 8.6 per cent;' and the rate of technical progress
has also fallen from 34.8-39.1 per cent to 19.5 per cent.” Moreover,
with the large increase in the prices of energy and raw materials
supplied by other provinces and cities, Shanghai’s industrial cost
has risen dramatically, and its sales profits have fallen from 32.9
per cent to 14 per cent.” Such drastic changes have attracted much
attention from all spheres.

Faced with such dramatic decrease, the central and municipal
governments as well as the private and collective enterprises have
started to increase investment. From 1949 to 1980, Shanghai's total
investment in industry was only RMB 26.017 billion. But from
1981 to 1985, it reached a total of EMB 27.581 billion; and in the
period of 1986-1990, it totalled RMB 50.744 billion.” Investment in
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the last 10 years has been over three times than that of the previ-
ous 30 years.

Before 1980, Shanghai generated large volumes of industrial
output with a relatively small amount of inputs, showing high
efficiency. Now with rapidly increasing investment, efficiency
may not have necessarily improved. The purpose of this chapter is
to look at the investment in Shanghai during the period of 1981 to
1990, analyse the allocation efficiency among different industrial
sectors, and search for policies for improving Shanghai’s indus-
trial efficiency.

III. Methodology of Analysis

Inefficiency in resource allocation can be viewed from the stand-
point of the proportion of factors that can be saved in relation to
the optimal use of factors. In Desai and Martin (1983a, 1983b), the
theoretical underpinnings of the methodology they use for the
analysis of the Soviet industry are explained. In essence, it is the
discrepancy in the MRS (thus the implicit wage-rental ratio)
among different branches which results in the sub-optimal utiliza-
tion of inputs. The reallocation of resources, therefore, would
enable the economy to produce the same amount of output with
less inputs. What is needed is to find a hypothetical wage-rental
ratio which, if applied by each branch, would minimize the factor
use.
The estimation procedures are stated below:

1. The Cobb-Douglas (CD) production function is estimated for
each branch:

Y

|.I'L{L‘

Il=lnr:.+lqt+u,{%]+e, (1)
where Y, K, and L are output, capital stock, and labour respec-
tively,’ € is the error term. The subscript i refers to the ith indus-
trial branch. The parameters are represented by ¢, A and o,
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2. We calculate the marginal rate of substitution between capital
and labour, which is assumed to be the implied wage-rental ratio
for that branch in a given year.

w; = (1- o) Soy (KoL) (2)
If, for each i, w; is identical, then it means the efficiency of
factor allocation is achieved. Under this condition, the sum of

actual K and L is equal to the sum of efficient capital and labour,
denoted by K* and L*. Thus,

TKx 3K 3)
Tl XL
We shall follow the assumption made by Desai and Martin that
this condition holds even if wi's are not identical, but we try to
find the optimal w* which will make the use of both factors
reduced by the same proportion. The efficiency loss, y, therefore,
can be expressed in the following forms:

_EK:'-EK*iHELi"EL‘f

T %K%  YLw
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3. Among all the arbitrary factor-price ratios that can be used to
calculate factor saving, one can try out initially with:

wt:-j,-}J-Zw.- (N=8) ®)

and calculate the optimal capital-output ratio, k*, and the amounts
of efficient capital and labour, K* and L*, for each branch accord-
ing to the following expressions:

K*1=1m _W* {E}
Lt,:;e‘“[x*,-)'“‘ @)
Kx=KxL%, (8)
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The iteration continues until the condition, as shown in (3), of the
equality between the ratios of total capital and labour for actual
and efficient utilization is nearly satisfied.

4. In the process of iteration, the following alternative can be tried:

K, K 9
%L}mmm@(gg*; @

We repeat the process as expressed above.

The efficiency loss estimated by the above method provides
the overall measure of the amounts of capital and labour that can
be saved if all industrial branches confront the identical factor-
price ratio. In order to evaluate an industry-specific optimal usage
of capital and labour, the following procedures can be used. Let a
social utility function be of Stone-Geary type, ie, U=Z3In Y,
where 7y is the “share” parameter. The maximization of U with
respect to input allocation subject to Cobb-Douglas production
functions, is then,

MaxZ =¥ ¥ (Inc: + 0k + (1 — o) InLy)

+uK-3 K)+o(L -3 L) (10)

where u and v are Lagrange multipliers and K and L stand for
total capital and labour. The conditions for maximization are:

wm#-w*(

Ghou=o =2

!LI:_E-.J.J.&_U:G (12)

K-YK=0 (13)

L-¥ L=0 (14)

o T L (15)
Yo

s ML (16)
¥ r(l-o)

A special case for the optimal allocation of factors is that the share
parameter is equal to the output share obtained from a linear
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system, i.e., ¥ = Yi/ZY, analogous to the linear expenditure sys-
tem. Then,

Y, a
Ke=s oy, K L
b g e R s

Z {1_ l]'.,:ll Y:

IV. Statistical Data

Two sets of data are used for the estimation of the CD production
function for each of the eight branches of Shanghai industry. The
first is in current prices and the other is in deflated prices.” The
former is calculated for reference and for comparison with the
latter. The time-series dala covering eleven years from 1980 to
1990 are used as sample points. The eight branches are machine
building, textile, chemical, metallurgical, food, paper and statio-
nery, construction materials, and forestry industries. Other
branches such as petroleum, power, and coal are not included
because of the rigidity of their output per labour and capital per
labour ratios. In addition, these branches are of the energy sector,
in which product prices are strictly controlled by the government
and investments have increased very fast.

For these two sets of data, labour is based on mid-year num-
bers of workers in both cases. Output refers to the value-added of
each branch based on the current prices in the first set and on the
deflated prices in the second set; the latter are deflated by the price
index with 1980 as the base year. In the case of capital, the follow-
ing adjustments are made:

1. For both sets of data, a portion of fixed assets used for non-pro-
ductive purposes (such as nursery school, cafeteria, dormitory,
etc.) is eliminated.

2. For both sets of data, the productive fixed assets of 1980 are
used as benchmarks, and we use the following formula to extrap-
olate the values of fixed assets for the subsequent years.
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Let K' be the original value of fixed assets without eliminat-
ing the price effect; and
K", be the original value of fixed assets with price effect
being eliminated
then
Klt = {1 - dt:l KIH + Ig
K = (1—dy) Kl + 1" (100/py)
where
I; is the investment in period t
d, is the depreciation rate in period t
pt is the investment price index using 1980 as the base year.

Therefore, K" can be derived from each year's K, d,, and p
with the following formula:

K" = (1-d)K% + [Ki— (1 - d)K'a]*(100/p); t>0

K'% = Kb

d, and p; are defined as follows:
{a) d, is year t's depreciation rate of fixed assets (it also includes
funds for overhaul) (equivalent to replacement cycle of fixed as-
sets). Clearly, a shortened cycle of replacement tends to raise d..
Suppose the fixed assets bought in the 1980-1983 period have a
replacement cycle of 25 years; those bought in the 1984-1987 pe-
ried have a replacement cycle of 20 years; and those bought in
1988-1990 have a replacement cycle of 15 years, then d. values for
these three periods are (.04, 0.05 and 0.0667 respectively.
(b) pe: the investment goods price index represents the rate of price
change each year for industrial materials, fuels, power, etc., in
Shanghai's industrial enterprises. The information is taken from
the research paper, “The Effect of Price Increase in the Means of
Production on Shanghai’s Local Industry and its Budget as well as
the Possible Remedies,” published by the Shanghai Academy of
Social Sciences in Information on Price and Cost, 1988.

These price data are further adjusted to take into account the
fact that in the early 1980s the proportion of Shanghai’s produc-
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tion materials supplied by the central government was quite large,
and it was only in the late 1980s (beginning in 1985 and becoming
more of a reality in 1987) that the proportion of government-sup-
plied production materials gradually shrank. Therefore, the trans-
formation from government-supplied to self-procured materials
in Shanghai was a bit behind the nationwide schedule. To capture
the structural change in Shanghai’s industrial material supply so
as to capture the impact of price difference between government
price and market price on the calculation of Shanghai’s industrial
price index, we divide the 11-year period into two sub-periods:
the first period is from 1980 to 1986 and the second period is from
1987 to 1990.

V. Results of Estimation

The results of estimation are presented in the following four ta-
bles. Table 1 shows the parameters of CD production functions for
eight industrial branches. Tables 2 and 3 give the estimation re-
sults, using the Desai-Martin method, for data set | and II. Table 4
shows the actual and optimal capital and labour when each indus-
try tries to optimize the factor use. The overall efficiency losses are
shown in Tables 2 and 3 for 1980, 1985 and 1990. As discussed in
Section III, the Desai-Martin method is based on the hypothesis
that all industries follow the same wage-rental ratio; thus, it is the
planner’s choice for the attainment of the overall efficiency. In
contrast, the industry-specific optimization is based on the maxi-
mization of an objective function in which each industry is to find
its own optimal use of inputs according to its own technological
conditions. Thus, results in Table 4 are different from those in
Tables 2 and 3.

From these tables we can see that there have been efficiency
losses in Shanghai’s eight industrial branches. Furthermaore, both
data sets show a worsening trend in the misallocation. For the first
set, it changes from 7.7 to 11 and then to 16.7 per cent, while the
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second set reveals a more precipitous move, from 3.1 to 8.7 and
then to 10.7 per cent.

One cannot determine the precise reasons why Shanghai's
industry has been suffering from these efficiency losses. The esti-
mation itself cannot tell whether the misallocation has been due to
cost-minimizing Chinese entrepreneurs faced with differential
factor price ratios as in a competitive economy, or because plan-
ning by direction has led to such an outcome. All we can say is
that Shanghai’s industrial branches have shown a divergence in
the wage-rental ratio in utilizing capital and labour, and this di-
vergence has widened during the reform period.

Table1  Production function estimations for eight branches of
Shanghai industry

Branch ¢ a A AR() AR(2) R} D.W. Form
I. Machinery  -021 059 0 0.60 -037 090 200 CD2
(-4.76) (3.12) (1.42) (-0.86)

0 032 0 101 -037 092 265 CD2
(3.04) (4.08) (-1.42)
2. Textile 030 026 0 060 0 059 163 CDI
(-3.02) (1.46) @217

001 027 001 029 -059 056 234 CD2
(-0.10)0 (2.95) {-1.51) (0.96) (-1.78)
3. Chemical 014 038 0 070 0 081 152 CD

(1.13) (3.16) (3.18)
040 017 O 0O 0 082 225 CDO
(34.63) (6.50)

4 Metallrgy 007 016 0 0 0 054 056 CDO
(1.13) (3.22)

019 015 0 0 0 0.68 087 CDO
(5.11) (4.33)
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5. Food 0.48
{7.51)

0.69

(7.00)

6. Paper -0.07
(-2.97)

0.14

(0.99)

7. Construction -1.47
{-3.55)

=1 .06

{-2.95)

8. Forestry -(150
(=11.21)

.31

(-2.33)

042
{3.08)
(.36
(2.41)
0.34
(9.62)
0.35
(7.91)
0.49
(1.79)
0.38
(1.38)
0.25
(3.69)
0.27
(2.16)

0

0.12
(2.22)
0.14
(3.85)

0.32
(0813
033
(0.93)

0.73

(.66

0.91

0.87

(.84

0.85

0.60

0.31

1.81

1.84

221

1.98

243

2.44

1.03

0.54

col

cD1

CDO

CDo

Cho

cDo

Do

con

Notes:  For each industrial branch, the first and the third line are parameters
using Data Set I and 11 respectively. Numbers in parentheses arc the
t-value. CDO, CD1 and CD2 are the CD functions with 0, first and
second order aulo-regressive emmor terms (indicated by AR(1) and

AR(2)).
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Table 4  Industry-specific actual and optimal capital and labour

1980 1985 1990

Branch K L K L K L
Machinery IA 716 1209 1024 1424 187.7 1489
O B4S 64.3 1514 941 3100 B46
A 511 1209 GB.1 1424 101.2 1489
0 496 56.7 9l4 1216 1486 1117
Textile 1A 36 61.6 24 720 75.1 800
o 281 86.8 274 693 664 738
ma 260 61.6 18.2 720 196 0.0
o 313 70.2 iLs 53 606 584
Chemical 1A 169 20.6 355 48.4 7.6 40.4
o 221 386 458 655 1067 669
Mma 115 0.6 44,1 352 582 404
O 105 42.7 224 69.5 41,3 725
Metallurgy 1A 205 16.6 509 304 178.2 230
O 6.2 355 87 40.5 25.5 522
na 152 16.6 393 205 109.7 230
O 6.3 294 9.1 322 21.3 424
Food 1A 39 8.1 T4 100 219 122
0 7.8 11.5 140 192 474 254
A 2.7 8.1 53 10.6 12.5 12.2
o 7.1 10.4 13.1 14.8 154 22.5
Paper 1A 48 13.2 a.1 17.1 19.2 206
O 6.2 127 11.4 19.2 219 205
na 32 13.2 64 180 109 206
o 6.7 10.4 12.7 15.0 246 164
Construction 1A 6.0 11.5 99 15.1 21.7 4.7
O 3.6 4.0 9.6 8.8 19.3 1.3
A 4.7 11.5 7.2 15.1 12.4 4.7
0 29 4.0 g1 8.4 13.0 7.6
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Table 4 (Continued)

Forestry A 14 38 21 42 38 36
[¢] 09 3.0 1.4 7 1.8 2.2
HA 1.0 38 14 42 20 36
o 10 24 16 28 17 17

Notes:  Capital is in 100 million RMB. Labour is in 10 thousand people. 1A
and 1A stand for actual figures for data set 1 and Il respectively. O
stands for oplimal.

One can only speculate on the main causes of the efficiency

loss in Shanghai’s industry. They are:
(a) The investment allocation among various industrial sectors is
irrational. From Table 2 and Table 3 we can see that investment
was excessive in metallurgical and chemical industries. Table 4
confirms the actual capital investment in metallurgical industry
exceeding the optimal level by several times. However, in the
chemical industry, the capital-labour ratio may be greater than the
average of the 8 branches, its industry-specific factors (as Table 4
shows) suggest otherwise. During the period of 1980 to 1990, the
fixed assets of Shanghai’s metallurgical industry increased from
RME 2.047 billion to RMB 17.815 billion, which was 7.7 limes
higher than the 1980 level, while the net output value of that sector
only increased from RMB 1.93 billion to RMB 3.99 billion, repre-
senting a 110 per cent increase. As a result, the ratio of actual to
efficient use of capital was 400-700 per cent higher than the opti-
mal level (using the second data set, Table 3). Clearly the over-
heated investment in these sectors was not justified and did not
yield a satisfactory return.

Before 1980, metallurgical and textile industries had used to
form the backbone of Shanghai’s industry. The added values of
these two industries had not been high at all. The sustained rapid
development in these sectors had mainly been due to the cheap
energy and material supply guaranteed by the central gov-
ernment. In the 1980s, with the rising of energy and material
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prices such as those of coal, pig iron and cotton, the metal and
textile industries gradually lost their competitive advantage and
development potentials.

(b) Similar to the problems in investment, the labour force alloca-
tion among different sectors was also out of balance. Under the
centrally planned system, labour supply was not allocated based
on the demand for labour but was equally assigned to each sector.
(c) The general price increase in energy and raw materials had a
tremendous impact on Shanghai’s resource allocation. A compar-
ison between Tables 2 and 3 suggests that the price increase inten-
sified the efficiency loss. Due to the price increase, the loss in
efficiency in 1990 over 1980 shows a larger increase. It may be that,
prior to the economic reform, the price level of material and en-
ergy resources was unreasonably low. This greatly benefited
Shanghai’s industry. After the reform, the prices of energy and
raw materials all went up, drastically reducing the profits of
Shanghai’s industrial products.

V1. Conclusion and Future Research

Before we draw any definitive conclusion, it is important to state
the limitations and shortcomings of our estimation methods. The
Desai-Martin method is based on the assumptions that productive
factors are freely mobile and mutually substitutable. To what
extent these assumptions are valid in the Chinese economy re-
quires further testing, In addition, the analysis ignores the possi-
bility that capital and labour are branch-specific rather than
homogeneous.

It may also be useful to test the validity of the Desai-Martin
method by applying it to U.S. data to show whether it would
indeed produce smaller efficient losses due to the presumably
more competitive and mobile productive factors in a market econ-
omy.
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These limitations notwithstanding, it may be true that the
evidence of divergence in resource utilization among industrial
branches cannot be completely denied.

MNotes

1. Data are from Shanghai’s Statistical Yearbook, 1981.

See Research Institute of State Economic Commission, Me-

chanical Science Research Institute (1984},

See School of Management, Fudan University (1984).

Date are from Shanghai's Statistical Yearbook, 1991.

See Shanghai's Statistical Bureau (1991).

The same as Note 4.

The same as Note 4.

Alternatively, the CES or other production functions may be

tried. Unfortunately, the choice of functional forms is not free.

For example, the translog production function cannot be used

because of the complex expression of its MRS. Desai and

Martin (1983b) use both CD and CES functions.

9. It can be argued that the production function, so far as it is
meant to track the physical and technological frontier, ought
to be based on real variables in which price changes are de-
flated. To the extent that we are interested in the decision of
enterprise managers in choosing inputs, a comparison be-
tween un-deflated and deflated variables may show the effect
of possible money illusion.

b3

it BB
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Evaluation of Technological Progress
by the DEA Method

Wei Quanling

The DEA (Data Envelopment Analysis) method initially proposed
by Profs. A. Charnes, W. W. Cooper and others in the United
States made its first debut in 1978. The DEA method can be re-
garded as a kind of non-parameter statistical estimation method,
the essence of which is the determination of the frontier of produc-
tion surface. Making use of the changes in the production surface,
one can study the state of technological progress from the initial
time at I=0 to time /=t. From Wei, Sun and Xiao (1991); Wei, Li and
Xiao (1991) and Xiao (1991), we obtain the rate of technological
progress for industry and the rate of technological progress as
well as the relative performance in technological progress for
various enterprises in regard to neutral technological progress
and factors-growth-type technological progress.

Based on the foundations of these three papers, this chapter
studies the most recent theory on the estimation of technological
progress and provides an integral method to estimate the rate of
technological progress in the case of multiple factor inputs for
industry.
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1. DEA Model and Its Method

Suppose that there are n enterprises (called decision making units,
DMU). They have m factor inputs and s outputs; these data ap-

pear as follows:

I: 2 ol
1 =
: X X . X
m b 4
- 1
¥i Yaouo Ya i
-3 5

where
X; = the input vector of DMU j, j=1, .., n

¥| = the output vector of DMU j, j=1, ..., n.
The linear programming (Py) for the evaluation of DMU j, is

max Z

[ n
Y XX<Xo

f=1

Py st 1 S Y A22ZYa

f=1

L]
T ASLA20,j=1,2,..,n

L =1

Definition 1: If (Z°, Af, j=1, ..., n) is the optimal solution of (P,),
which satisfies Z°=1, the DMU ji is then called DEA efficient.

Let
T={(X, Y)Y be produced by input X).

We know that
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(X, Y) €T, j=1,2, .., n. Assuming that (referring to Fare et al.
1989)

T={(x,nlix,?qu,

i=1

S YA2Y,$hS1,420,j1,2, .., 1)
j=1

j=1
the linear programming (P;) can be rewritten as

{ max £
{ch'r ZYF'} eT.
From Figure 1, the DMU at (X,, Y3), is DEA efficient, whereas

the DMU at (X, Y>) is regarded as DEA inefficient.

Figure 1
&
i £ ) TR .. et )
(X1, Y0) el
Yif--m- :"
.X:.. 5

Let
ReXn $=22Yp,

where Z' is the optimal value of (P,). We call {i, 9) the projection
of DMU j, onto the frontier of production surface. Apparently,

(X, ¥ is DEA efficient.
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IL. The Neutral Technological Progress

Consider the production function y; = Agf(x) in which I is a real
number, x = (x, ..., Xs)'. From time I=t-1 to time I=t, the rate of
technological progress is

Az A

Al-i _A!-I
S0
A=A (l+a)=... =A(l+a).
Thus
_ A
a= N7, 1. (1)

Let us consider n numbers of DMU at time =0 and [=t; their
input and output data are presented respectively in the following
two tables:

I 2 A
1 =
: Xi X3 .. Xa
m =
Y] Y.L XD st 53
B 1.2 .oonm
1 —=
- Xi X . X
m — _
— e
| Nt A - 1
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Estimating the Rate of Technological Progress by
Industrial Sectors

The linear programming of (P;) is to determine the projection onto
the frontier of the production surface (k=1, 2, ..., n) for each DMU
at time =0

max &
[ n

5 X NS X

i=1

(Ps) s.t. i‘r}?hazﬁ*

j=1

)
2X4<1,420,j=12,..,n

L f=1

Suppose the optimal solution of (P;) is Z*, A, j=1, ..., n. The
projection is
Re=z 300
=1
V=3 V%
=1

A A
Then (Xs, Y)) is on the frontier of the production surface.
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Consider the linear programming of (P5) (k=1,2, .., )

max £

| s X n+Rtes i

j=1

Py st | T+ Haezzd

I=1

¥ 4S1,420,j=0,1,2,.m

L =1

Let the optimal value of (Ps) be Zj, then {Rb Zz, ?t} is on the
frontier of the production surface at time I=t; thus

)
7D A,ﬁf&; _A
Y AgflXs) Ag

From equation (1)
Iy = :‘qrz_i— 1,k=1.?., —

Finally, the rate of technological progress by sectors obtained is

a =

==

1
%
k=1

Estimating the Relative Performance in Technological
Progress for Each DMU

Let (X%, Y5) locate on the frontier of the production surface at time
I= = AL ; (X}, Y}) is on the frontier of the production surface at time
1= t— A, where AL 20, A; 2 0 (see Figure 2).
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Figure 2

Considering the linear programming of (Py)

max &
¥ %<
i=1

(P st { TYiA22ZYi

f=1

T 4s1,420,j=1,2,..,n
j=1

let Zj, be the optimal value for (Py), then

sy B

e l
Ai_,ﬁi_z't
S0

oo logZL
log(l+a")’

319

(2)
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Considering further the linear programming of (I’s)

max £

n

(Ps) st. { SY/N=22ZY

I=1

T h<$1,420,j=1,2,..n

L j=1

let Zi be the optimal value for (Ps), then

i _ Ao _ o
(1"‘!1] —H-‘Zt
50
,__ logZi 3)
log(1+a")’

Thus, the relative number of years for technological progress
of DMU kis

E+ A - AL
There are five situations illustrated as follows:

(1) If Ai — Ax > O, then Af - A; is the number of years the kth DMU
is relatively more advanced in terms of technological progress;

(2) If Ai—A; = 0, then the kth DMU is neither relatively more
advanced nor is it falling behind;

(3) If =t < Ay = A; < 0, then A; = Ay is the number of years the kih
DMU is lagging behind in terms of technological progress;

(4) If t + Ai— A = 0, then the technological progress of the kth
DMU is relatively stagnant (i.e., t years lagging behind);
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(5) If t + Ay=A; < 0, then Ay = A; = t is the number of years of
relative retrogression in technological progress of the kth
DML

Estimating the Rate of Technological Progress for Each
DMU

Assuming that A; and Ai are given by Equations (2) and (3),
respectively, and a* is the rate of technological progress of the kth
DMU in year t, then we have

(A+a) = +a) Ha-4

. ‘_-_l'!-.ﬂ:‘.ﬂ;
ap=(l+a’) + ~

3
=(1+a") ‘il-zj -1.
Z

1

IIL. Integral Approximation Method

In this section, we are going to estimate the factor-expansion-
induced technological progress. Different from Wei, Sun and Xiao
(1991); Wei, Li and Xiao (1991) and Xiao (1991), the number of
factor inputs can be arbitrarily large here. Moreover, it does not
require that the production function is homogeneous of the first
degree. Assuming that

(a) The production function fi(X;, ..., Xn) is a continuous con-
cave function which is partially differentiable, I=0, t;

(b) For any X=(Xi, ..., Xa)' >0 and any i(i=1, 2, ..., m),

%) >0,1=0,¢.
ox;
With no loss in generality, let us consider

Yo= Solxn, Xz, oo Xm) = flAp, Xz, ...p Xm)
}rl o .flfxb Ky wenp xl‘n] = f{ﬁtxlr X2y ving Xm}
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in which
A= Aa>0
then the rate of technological progress is

[}
o _ A
Q= % 1.

Now we are going to estimate Z'=(A./ A,). For any i; >0 (i=1,
2, ..., m) since

j:i.l-::"' Jn;‘f{A! X1p Xy vosp Xom) 2y, A% oo Xy

Ao
A —=Tlp12 am
=I?I:° J-ﬂ '"'I'n flAox1, X3, ooy X dxy, dX .. A

thus
_ ,fjﬂ J 7 IR ot x0) 1, i
S=Yi:am . =
Iﬂ Jﬂ "'Ia fi(xy, %2, .., Xu) dxy, d; ... dXs
Let
.I-um J?..,I:ﬂﬁ. (X1, Xz, ooy X) diy, dxz .. dXy
WZ)=

Z)= TR ¥
i o TS g

then @(Z) possesses the following properties:
(1) ¢(Z) is a strictly convex function on Z € [0, =]

>0,ifZe (0, Z%
<0, ifZe (Z', =)

(3) ForZ>0, Z' is the only fixed point for p(Z), i.e., ®(Z) = Z (see
Figure 3).

2) Z- 9lZ)= {
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Figure 3

To calculate the fixed point g(Z) at time Z', multiple integra-
tion is needed. In general, we use the numerical method to ap-
proximate the integrals, e.g., the lattice point method:

,[:IJrun'" .l-ﬂmﬁ (xlf Xzy enp X diey, dxy ... Xy

m k _ _
= (n Xt fK]' Z _f! {I] 2 xl-'(k.i I:' X xlxkr sang !- . Emlxk]
=1 filyynln=l
However, the value of fi{x,, xa, ..., X=) i5 unknown, we can use the
DEA method to calculate the value of the function. Taking the
corresponding input and output data, the DMU is at [=t as fol-
lows:

1 2 .. n
1 =
- X XL X
m =
YT Yio i —
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Solving the linear programming problem of (Ps) (and assuming
that f R =1
max Z = 2
i Xih+ RieeX
I=1

P st | SY A+ 02Z 1
1

F:

l Z"'.?-,-Sl_.l,-l_‘v*ﬂ,j:ﬂ, 1,2...n

i=1

we have
fl(i] =.fr{ﬂ!, i‘t. i ﬂm} = E
referring to Figure 4.
Figure 4
&
T S
] x :
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When we use the data at time =0, we can apply a similar
method to calculate the multiple integrals:

J‘:hj:l"* I:’ﬁ' (X1, X2, ovvp Xeu) A1, A ... AXm

Remark: It is very simple to use the integral method to calcu-
late the rate of neutral technological progress. In effect, we obtain

Il Tm
. A:...jn "'jo A*f{xlr'"rxm}dxlu.dxm
z A h g
' I“ I Aﬂf[xh-u;l'm}d:ﬁ,”dxm
Q

I:I J-:‘ﬁ (X1 ooes Xm) dxy ... dxm

- _I-:I... J:mfp {x;, ...,Im}d]ﬁ TuE d:r. ‘

IV. An Empirical Example

In what follows, an attempt is made to evaluate the state of tech-
nological progress of the agricultural sector in 29 provinces, mu-
nicipalities directly under the Central Government and
autonomous regions (PMAR) (excluding Hainan and Taiwan)
during the period 1986-1990. The factor inputs for the study are:
(1) the total sown area for agricultural products; (2) the labour
force (farming, forestry, animal husbandry, side-line production
and fishing); (3) the material consumption of the agricultural sec-
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tor. The production indicator is total output value of the agricul-
tural sector. By using the data of 1986 and of 1990 which are
provided by the Ministry of Agriculture, we are able to proceed.
According to the actual state of China’s agricultural sector, we
adopt the neutral technological progress model to conduct an
evaluation of the state of technological progress (referring to Sec-
tion I1 of this chapter).

In 1986 (I=0), there are 11 PMARs which are DEA efficient; the
serial numbers are: 1, 6, 8,9, 10, 11, 15, 17, 19, 24, 29; in 1990 (I=t=5),
there are also 11 PMARs which are DMU efficient; the serial
numbers are: 1, 6, 8,9, 15,17, 19, 21, 23, 24, 29,

The rate of technological progress in China’s agricultural sec-
tor, a, is 0.026807. The distribution of the relative number of years
of technological progress in each PMAR is as follows: eight of
them are more advanced; nine in total keep constant; nine of them
are lagging behind; one is stagnant; and two are retrogressive.
According to the order of the rate of technological progress, the
state of each PMAR is presented below:
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Serial number Rate of technological MNo. of years of relative
of PMAR progress, aj advance and lag, Ay — A
4 0.05326 481
5 0.05038 4.29
16 0.03626 1.73
13 0.03283 1.11
21 0.03212 0.98
7 0.03045 0.67
26 0.02942 0.48
23 0.026590 0.01
1 0.02681 0.00
6 0.02681 0.00
8 0.02681 0.00
9 0.02681 0.00
15 002681 0.00
17 002681 0.00
19 0.02681 0.00
24 0.02681 0.00
29 0.02681 0.00
20 0.02452 -0.42
25 0.02217 -0.86
11 0.01845 -1.54
12 0.01710 -1.80
18 0.01619 -1.96
27 0.01553 -2.09
3 0.01333 -2.50
10 0.00429 -4.19
28 0.00330 -4.38
2 0.00025 -5.00
2 -0.00599 -6.14

14 -0.00724 -6.37
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What can be seen from the result of the calculation is that
comparing to other industries (industrial sectors), the rate of tech-
nological progress of the agricultural sector is not very fast. De-
spite the significant imbalance of the state of technological
progress in each PMAR, there are many inland provinces achiev-
ing high growth rates. This illustrates that “the transformation of
sown area of middle and low productivity” is required. Moreover,
the future prospect of agricultural development is going to be
impressive,

One final point to be noted is that when using this model to
conduct the evaluation, the state of technological progress of some
PMAR is not that accurate. This is due to the fact that there have
been certain changes in the boundaries of PMARs (for example,
Tianjin has incorporated the surrounding poor counties in its
jurisdiction). We have tried to exclude those PMARs in question
and have then proceeded with the evaluation. The results of the
calculation are more or less the same. From this empirical case,
one can realize that the evaluation method in this chapter is ro-
bust, and the result of the aforementioned example is reliable.
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An Estimate of the 1985 GNP of China

Wang Hongchang

An economic variable is a product of some quantity and price in
most cases. Prices in China have been administered by govern-
ment agencies for four decades. Moreover, the same commodity
may command different prices for urban and rural people. The
state-owned enterprises sell their products in part at official prices
and in part at negotiated prices. A buyer may pay additional
purchasing cost, i.e., transaction cost, in order to obtain a supply
of materials in shortage. Urban inhabitants pay nominal rents
only. An organization may buy commodities or even produce
commuodities to sell to its employees at lower prices.

The profit and loss statement reflects not only the results of
business operations, but also transactions in the consumption
sphere. It is hazardous to estimate GNP using monetary data as
such. However, China has detailed and reliable data in physical
term so [ propose to calculate the GNP using physical commodity
data at China and U.S. prices. The 1985 GNP of China is calculated
to be US$615.5 per capita. Differences in quality between com-
modities produced by the two nations will be explicitly allowed
for with several calculated or arbitrarily assigned parameters.
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Agriculture

Figures of agricultural commodity production can be found in
Chinese Statistical Yearbook, 1986, and Statistical Abstract of the
United States, 1987. Data on agricultural production of China and
the United States in 1985 are shown in Table 1.

The U.S. farm output is as given, while the Chinese farm
output is multiplied by a scale factor of 0.83. We can find export
and import prices of the same subgroup of farm products in the
Summary Surveys of China’s Customs Statistics published for 1985
by the Customs General Administration of the People’s Republic
of China. The ratio between export and import prices probably
reflects the quality differences and is thus referred to as the inter-
national quality factor. Taking the simple geometric average of all
such ratios of farm products, we obtain the international quality
factor of farm products: 0.69. However, the quality of export com-
modities is usually better than those sold mn the domestic market,
so we further assign an arbitrary intra-national quality factor: 0.80.
Adjusted farm output for China is thus equal to 75.9 x 0.69 % (.80
= $41.9 billion.

Mining

See Table 2.

Construction

In 1985, new construction amounting to 355.571 million dollars
was completed in the United States. This included both residential
and non-residential buildings and non-building construction. The
value per square foot of residential buildings was $45.2. New
construction equivalent to 7,866.6 million square feet ($355,571
million/$45.2) of residential buildings was put in place.

The value per square foot of manufacturing buildings was
$48.3. Manufacturing buildings are strong in construction but
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Agricultural production of China and the United States, 1985

Table 1

China

LUnited States

Unit price ($)

Value (m §)

Output

WValue (m $)

Crutput

6,045.2

8,8635m bu. 21,364.7 2,508.4m bu.
26,634.1

2.41/bu.

Comn

136m cwi,
2.425m bu.

3371 4m cwt.
3,149 9m bu.

1.074.4
7.663.0
24375
10,830.8

7.9 cwt,

Rice, rough

Wheat

9.953.7

3.16/bu.

2.19bu.

450.9
1,989.2
88132

2,091.1

205.9m bu,

1,113m bu.

2.09%9m bu.

Sorghum

385.5m bu,
5,341.3m lbs.

5. 16bu.

1.65/b.

Soybeans

Tobacco

24965

1,513mlbs.

512.5m cwi.

126,000 tons

1,705.9

418.5m cwi

4.08/cwL
219,000 tons

735.2ton

Potatoes

92.6
1,602.7

161.0
795.4

Walnuts

56.8m 5. ton

28.2m 5. ton

28.245. ton

Sugarcane
Sugarbeets

Cotton

3334
4.997.0

9.8m s. ton
19.0m hales
1,389.8m lbs.

7.960.2m lbs.

767.0
3,524.2

22.6m s. ton

33.9/5. 1on
263/hale

13.4m bales

3475
055.2

20

Q0.0
1,597.0

Bm 1bs.
7.861m lbs.

0.251b.
0.1241b.

Bananas

Apples

490.8

49.8m boxes

432,000 tons

162m hoxes

29,000 tons

9. 86/box
262 1/ton

Oranges

333

3724

250

Dranes
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simple in finishing, while residential buildings need not be very
strong but are well finished. So the construction costs of those two
kinds of buildings are close to each other.

In 1985, the construction value in China amounted to 163
billion yuan. The manufacturing buildings cost 299 yuan per
square meter and the residential buildings cost only 177 yuan per
square meter. The Chinese manufacturing buildings need to be no
less strong than the American ones, but Chinese residential build-
ings are simply finished. To compare the scale of Chinese con-
struction with that of the United States, we propose to divide the
total construction value of 163 billion yuan by the per square
meter value of manufacturing buildings, 299 yuan, to obtain the
total equivalent floor space of 545 million square meters or 5,868
million square feet.

Table 3  Construction in China and the United States, 1985

U.s. China
Floor space (m sq. ft.) 7.866.6 5,868
Scale factor 1.0 0.75
GNP contribution (b $) 182.2 136.7
Manufacturing
See Table 4.
Trade

The GNP generated by agriculture, mining and manufacturing in
the United States amounts to $1,010.1 billion, while the trade
sector has a GNP contribution of $652.5 billion. The ratio between
them is 652.5,/1,010.1 = 0.65. Chinese farmers consume about 20
per cent of the food they produce. So only 80 per cent of the
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adjusted agricultural output, $41.9 billion, is related to trade, i.e.,
$33.5 billion. Adding this to the combined mining and manufac-
turing output, we obtain a sum of $233.3 billion, which is equiva-
lent to 23 per cent of the corresponding U.S. sum. Hence we
estimate the Chinese trade output as 652.2 % 0.23 = 5150.6 billion.
Assuming a quality factor of 0.70, the trade output of China be-
comes $105.4 billion.

Transportation and Public Utilities

‘See Table 5.

Sheltering

In 1985, the total value of housing output in the United States was
$388.5 billion, which equals personal consumption expenditures
for housing, less such expenditures related to hotels, motels, clubs,
schools and other group housing. And the total value of housing
output less intermediate goods and services consumed ($66.7 bil-
lion) equals gross housing product, $321.9 billion. Housing output
consists of rents paid by tenants and imputed rents attributed to
occupants of owner-occupied dwellings. The United States had a
total dwelling space of 13.4 billion square meters with an average
annual rent of 388.5/13.4 = $29/square meter. The average GNP
generated per square meter was 321.9/134=5%24.

China had a total dwelling space of 12.3 billion square meters.
Assuming a quality factor of 0.33, the shelter component of GNF
was $97.4 billion.
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Services Table 6 (Continued)
: Vegetables 295.0kg 0.22/%kg 63.9
We list employment in the services sectors of China in 1985 as Fruits 22.0kg 0.25/kg 56
fol]ﬂws: Tﬂlﬂi 32]‘ i
; Total x 0,69 (international quality factor) x 177.25
Geological 1,060,000 0.8 (intra-national quality factor) =
Health, athletic, welfare 4,670,000
Culture, education 12,440,000
Science, technology 1,440,000
Banking, insurance lﬁﬂﬂﬂm Table 7 Manufactured pmdunls
Government, associations 7,950,000
1. i ;
Ot 14,190,000 S'l::gar 1.3kg 0.2%kg 53.2
Total 43,170,000 Cigareltes 122.5 packs 0.4(Vpack 49.0
Wine 15.4kg 3.10/kg 47.8
The GNP generated by the services sector could be evaluated Fabrics 23.3 meters 1.33/meter 31.0
by labour costs. As we consistently use the price data of the Waolen fabrics 0.6 meter 5.65/meter 33
United States, it may be reasonable to estimate the GNF of China's Silk 1.7 meters 3. 30/meter 5.7
services sector at U.S, wage rates. For instance, people employed Shoes 2.8 pairs 15.00/pair 423
by the retail sector in the United States eamed the lowest pay, Bicycle 0.1 unit 297.0Vunit 178
$15.76 per; annum, “;‘Fﬁ c;“]d j;? lt:e m;’ﬁ?‘mn % m“',em';? BEstou Radio 0.05 unit 29.40/unit 1.4
:gene:rated L OAUPYL G B A il on e Washing machine 0.01 unit 453.00/unit 52
it would be inconsistent with lower labour productivity in other s B i Bl A e
sectors. Or, we could list the consumption basket of an average o heunit ot :
employee’s family (one employee and one dependent on average) T""l"""“'”“ 0.023 o lm'm"f‘ 42
and evaluate its contents at U.S. prices. Fape recorder 0.012 unit 48.50/unit 0.6
Knitted clothing 2. 70 units 0.7 unit 20
Table 6  Agricultural products Detergents 1.7kg 1.49/kg 2.5
Confectionery 1.9kg 2.90/kg 55
Grains 508.7 kg 021/kg $106.8 Blanket 0.03 unit 18.00/unit 0.5
Vegetable oils 10.2 kg 0.67/kg 6.8 Paper 1. 24%g RS o
Rk Hoks 33103 ed Kerosene 3.0kg 0.42/kg 1.3
Beef and mutton 26kg 5.12%%g 13.5
Tetal 2254
Poultry 3.1 kg 1.68/kg 52 o e S -
Eggs 10.0 kg 1.07/kg 10.7 ofal x 0.68x 0.8= 122.6
Fish products 98 kg 0.32%kg 80

Tea 0.6 kg 2.00/kg 0.7
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Table 8  Mining products

Coal 3690 kg 0.05kg 5184
Salt 16.5kg 0.02%kg 0.3
Total 18.7

Table9  Transportation and utilities

Railroads 462 passenger miles 0.05/p.m, £23.1
Bus 301 passenger miles 0.07p.m. 21.1
Airways 22 passenger miles 0.1%p.m. 26
Waterways 33.2 passenger miles 0.01/p.m. 0.33
Mass transit 49 passengers 0.40/p. 19.7
Gas 4.5 cubic meters 0.18/c.m. 0.8
LPG 1.2kg 0155k 02
Electricity 42,6 KWH 0.0672KWH 2.86
MNatural gas 3 cubic meters 0.18/c.m. 0.5
Total 71.19
Total = 0.70 {international quality factor) 49.83

Shelter 17.2 square meters x 29 x 0.33 (international quality
factor) = $164.60;

Personal consumption expenditures of an average employee
household = 177.25 + 122.6 + 18.7 + 49.83 + 164.6 = $533;

We estimate the GNP generated by the services sector as 533 x
43,170,000 = $23 billion.
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Summary of Results
GNP 1985 (b $)
China United States
Agriculture 41.9 01.5
Mineral products 13.6 122.8
Construction 136.7 182.2
Manufacturing 186.2 TY5.8
Transportation and utilities 39.2 3744
Trade 105.4 652.5
Shelter 97.4 3219
Services 23.0 14159
Total 6434 3,957.0
Population {m) 1,0453 2393
Per capita GNP 6155 16,535.7
The GNP Function

Five arbitrary parameters are introduced:

a = intra-national quality factor of agricultural products;

m = intra-national quality factor of manufacturing products;

u = international quality factor of transportation and public
utilities;

h = international quality factor of residential buildings;

t = international quality factor of the trade sector.

It is convenient to write the 1985 GNP of China as a function
of these five parameters:

GNP = 150.5 + 62a + 239.3m + 59.1u + 316.7h
+ 27.2at + 8.8t + 151.3mt (1)
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The author has assigned a set of values to these parameters: a,
m, u, h, t = 0.8, 0.8, 0.7, 0.33, 0.7 respectively. If we place these
values into (1), the GNP will be $558.34 billion. Readers who
prefer other parameter values can easily calculate alternative esti-
mates of China’s GNP.

Taking partial derivatives of the function with respect to the
parameters:

dGNP/da = 62 +27.2t
dGNP/dm = 239.3 + 151.3t
dGNP/du = 59.1

dGNFP/dh 316.7

dGNP/dt 27.2a + 8.8 + 151.3m.

The function is most sensitive to variation in the value of m,
then of h.
Suppose we keep u =(0.7, a= 0.8, t = 0.7, then (1) will become

GNP = 262.9 + 345.2m + 316.7h )

China’s 1985 GNP as declared by the State Statistical Bureau
was 788 billion yuan which was equivalent to $267.66 billion at the
official exchange rate of that year.

This implies a per capita GNP of $256.06. From (2), we obtain

267.66 = 262.9 + 345.2m + 316.7h (3)

which can be plotted as an equi-GNP curve. There is an infinite
number of combinations of h and m values which can produce the
GNP of $267.66 billion. For example,

h -053 -009 0004 0.014
m 05 01 001 0001

Both h and m must be larger than 0, because the Chinese
housing sector provides positive service and the manufactured
goods made in China have positive value. The other values taken
by h (0.004, 0.014) and m (0.01, 0.001) are implausible. In my
opinion, h cannot be smaller than 0.33 and m cannot be smaller
than 0.8. Thus, 0.33 and 0.8 are the critical values of h and m
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respectively and are given the symbols, h* and m*. We can plot a
horizontal line, h*=(0.33, and a vertical line, m*=0.8. Every point
under h*=0.33 or to the left of m*=0.8 is implausible. Equation (3)
lies entirely in the implausible region. Readers may assign other
values to h* and m®, but (3) will probably still locate in their
implausible regions.

We have estimated the 1985 GNP of China as $643.3 billion
and can thus plot another equi-GNP curve:

643.3 = 2629 + 3452m + 316.7h (4)
Taking six points on (4) as follows:

h 011 022 033 044 055 066
m 1 D9 08 07 06 05

we find that (4) lies partly in the plausible region, such as (0.33,
0.8), and partly in the implausible region, such as (0.11, 1.0). In
fact, we have selected (0.33, 0.8) as the solution to (4).

Similarly, with Equation (1) we can see there is an infinite
number of combinations of (a, m, u, h, t) values which will gener-
ate any particular level of GNP. If we set the values of the five
parameters all to unity, the per capita GNP will amount to $971.
Perhaps, it is the upper limit of estimation.

The Ratio of Value Added to Shipments

The methodology used in this study assumes implicitly that the
ratios of value added to shipments are similar in China and the
United States. My friend, Mr. Li Mingzhe, pointed out the higher
consumption of materials and energy in Chinese industry. How-
ever, factories usually employ too many people and have large
capacity but insufficient supply of materials and energy, so the
labour and depreciation costs may also be high. The United States
manufactures in 1984 had a ratio of value added to shipments of
43.7 per cent. According to the Chinese Statistical Yearbook, 1986,
large and medium-sized industrial enterprises produced 318.8
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billion yuan of products in 1984 and consumed 170.5 billion yuan
of materials, fuels and power. The ratio of value added to pro-
duction would thus be 46.5 per cent. And the United States is
well-known for its petroleum agriculture.

Concluding Remarks

The international or inter-temporal comparison of GNP is after all
a comparison of quantities. In order to avoid distortion by admin-
istered prices and exchange rates, the author proposes to work
directly on physical quantities and the prices of a large market
economy. Quality differences in products between China and the
United States are explicitly allowed for. He does not claim to have
estimated accurately China’s GNP in 1985, this study has much to
be refined and corrected.

*  Professor Thomas G. Rawski encouraged this study, made many
valuable comments and suggestions. In particular, the idea of a GNP
function belongs to him.
This study was conducted under the auspices of the Henry Luce
Foundation and the Institute of Quantitative and Technical Eco-
nomics, Chinese Academy of Social Sciences.
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Appendix1 The Price Ratios
Commuodity Export Import Px/Pm
price price
0011 Bovine species 27446 164333 0167 Live
0012 Sheep and goats 41.91 197554 0.021 Live
0013 Swine, live 6072 93598 0065 Live
0014 Live poultry 1.61 094 1714 Live
0015 Equine species 299.63 4811 6228 Live
0111 Bovine meat fresh 143 723 0198 Frzn
0112 Mutton ete. fresh 1.25 434 0285 Chid,
frzn
0113 Pork fresh, chld 1.44 322 0447 Frazn
0114 Poultry fresh chld 121 064 1891 Frzn
0116 Edible offal fresh 0.97 280 0346 Chid,
frzn
0118 Meat nes fresh, chid 1.34 241 0556 Fren
0121 Pork dried, sltd 223 296 0753 Smkd
Meats, nes, dried, sitd 222 098 2270 Smkd
0141  Meat, fish extracts 2.62 4.54 0577 Juices
0142 Sausages incl 1.66 297 0558 Tinned
0149 Other prepard, presrvd 1.44 239 0603 Meat
0223 Milk and cream 0.49 1.28 0383
0224 Milk, cream presrvd 119 136 0875 ek
0240 Cheese and curd 340 444 0766
0251 Eggs inshell, fresh 39.78 99.00 0402 Presrvd
0252 Eggs not in shell 1.721 647 0187 Fresh,
presrvd
0341 Fish fresh, chld 1.81 071 2549 Exfillets
0342 Fish frzn, exol 1.86 018 10333 Fillets
0343 Fish fillets, fresh 1.14 089 1281 Chid
0344 Fish fillets, fran 139 a7e 0367
0350 Fish sitd, dried 4.94 0.72 65936 Smkd
0360 Shell fish fresh 2.82 258 1093 Fren
0371 Fish etc. prepard 2.06 391 0527 Presrvd
nes
0372  Shell fish prepard 1.58 892 0177 Presrvd
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0410
421

0430
0440

0460

0574
0575
0577
0579

0616
0741
0751
0752
0611
1211
1212
21
2112
2114
2116

2117

Wheat etc. unmilled
Rice in husk or husked
Rice semi-milled
Barley unmilled

Maize unmilled

Other cereals unmilled
Wheat etc. meal

Potatoes fresh
Leguminous veg
Tomaloes fresh

Other fresh veg

Veg simply

Edibles veg nes fresh
Veg dried exc legumin
Oranges, mandarin
Lemons, grapefruit
Banana, plantain

Apples fresh

Grapes fresh or dried
Nuts edible, fresh

Fruit fresh/dried nes
Fruit temporarily presrvd
Natural honey

Tea

Pepper and pimento
Spices, ex pepper, pimento
Bay, fodder, green, dry
Tobacco not stripped
Tobacco stripped or part
Bovine, equine hides, raw
Calf and kip skins

Goat and kid skins, raw
Sheep skin common

with wool

Sheep skin without wool

0.1z
0.31
0.22
0.18
0.12
0.11
0.19

0.13
0.28
0.16
024
0.76
0.14
297
0.42
0.30
0.18

0.36
1.20
1.46
0.46
0.65
0.71
215
1.09
1.04
0.09
1.69
1.73
B.61

11.24

.29
4.86

272

0.16
0.29
0.17
0.13
0.14
0.27
0.18

0.96
0.43
210
1.81
147
206
3.15
0.63
0.95
0.25

(.63
0.89
0.82
0.62
112
1.02
1.50
1.38
10.37
0.52
29
250
3468
3475
1.43
217

1.69

0,750
1.069
1.2%4
1.385
0.857
0.407
1.056

0.135
0.651
0.076
0.133
0.517
0.068
0.943
0.667
0.316
0.720

0.571
1.348
1.780
0.742
0.580
0.696
1.433
0.790
0.100
0.173
0.581
0.692
0.248
0.323
230
2.240

1.609
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Milled

and
flour

Presrvd
Dry

ete.
et
Fresh,
dry
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2221

2224
2225
2226
2231

2440
2450
2460

2471
2472

2479
2482
2483

2614
2631
2681

The simple geometric mean of the above price ratios is
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Groundnuts, green

Soya beans

Sunflower seeds

Sesame seeds

Rape and colza seeds
Copra

Castor oil seeds

Oil seeds and fruit nes
Cork natural, raw, waste
Fuel wood nes charcoal
Pulpwood, chips,
woodwaste

Saw-, veneer-logs conifer
Saw-, veneer-logs
non-conifer

Pitprops, poles, piling, etc.
Lumber shaped conifer
Lumber shaped
non-conifer

Silk worm cocoons, waste
Raw cotton, excl linter
Wool greasy, fleece-wshed

approximately 0.69.

2713
273
2732
2733
2734
2741
2782
2783
2784

2785
2789

Nat calem phosphates etc.
Bldg, dimension stone
Calcareous stone

Sand, excl metalbearing
Gravel, crushed stone, etc.
Sulp, ex sulp in 52215
Refractory minerals nes
Commaon salt, ete.
Asbestoes, crde, simply
wrkd

Quartz, mica, feldspar, etc.
Minerals crude nes

Uranium, thorium ore, conc

0.658
0.24
0.31
0.65
027
0.48
0.31
0.35
034
0.11
0.38

268.71
29427

0.23
104.60
320,73

773
1.25
1.58

0.10
167.41
0.02
0.002
0.004
0.13
0.06
0.02
0.20

0.08
0.04
0.61

0.60
0.35
047
0.46
0.21
4.26
0.38
0.22
1.52
0.03
0.04

823
96.952

0.30
107.84
119.91

14.00
0.83
294

0.04
161.85
0.59
0.38
0.35
0.18
0.31
0.07
1.00

3.59
0.92
0.66

1.133
0.686
0.660
1.413
1.286
0.113
0.816
1.591
0.224
3.667
9.500

3265
3.035

0.767
0.970
2674

0.552
1.506
0.537

2.500
1.034
0.034
0.005
0.011
0722
0.194
0.286
0.183

0.022
(L043
0.924

An Estimate of the 1985 GNP of China

2873
2875
2878
2877
2879
3221

3222

3339

Mickel ores, conc
Aluminum ores, alumina
Zinc ores, conc

Tin ores, conc
Manganese ore, conc
Other non-fer ore, cong
Anthracite, not
agglomerated

Other coal, not
agglomerated
Petroleum and prod

0.31
0.08
0.13
570
0.04
2.94
0.05

0.04

0.17

8.33
0.15
0.28
248
0.07
012
0.02

0.05

0.21

0.037
0.400
0464
2298
0.571
24.500
2.500

0.800

0.810

The simple geometric mean of price ratios of minerals is
approximately 0.30,

0483
0484
0564
0565
0582
0583
0585
0589

0611
0612

1121
1122
1123
1124
1222
2331

3341
3342

Macaroni, spaghetti etc.
Bakery prod

Flour etc. of fruit, veg
Veg presrvd, prepard nes
Fruit presrvd by sugar
Fruit jams, jellies etc.
Fruit or veg juice

Fruit prepared, presrvd,
nes

Raw sugar

Refined sugar etc.

Sugar candy
non-chocolate
Chocolate and prod
Wine of fresh grapes etc.
Cider, perry, mead etc.
Beer, ale, stout, porter
Distilled alcoholic bevs
Cigarettes

Syn rubber etc.

Coke, semi-coke, rtrt crbn
Gasoline, other light oils
Kerosene, other med oils
Gas oils

0.43
1.23
0.50
0.78
1.01
0.73
0.57
1.11

0.35
0.16
1.06

2.79
1.02
1.05
033
1.20
15.21
0.95
0.09
0.24
0.25
0.22

1.26
204
.26
1.67
1.59
1.42
1.61
0.86

0.14
017
292

4.30
an
1.90
0.49
313
10.58
1.09
0.04
0.46
0.42
0.33

0.341
0.603
3.077
0.467
0.635
0.514
0.354
1.291

2.500
0.941
0.363

0.649
0.328
0.553
0.673
0.383
1.438
0.872
2.250
0.522
0.595
0.667
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3345
3351

3352

3510
4232
4233
4234
4236
42308
4241
4245
4249
4311
4312
4313
4314
5111
5112
5113

5114

5121
5122
5123

5137
5138
5139
5145
5146
5147
5148
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Fuel oils, nes

Lubs, petroleum oils nes
Petroleum, jelly, mineral
wax

Mineral tars and prod
Tar pitch, pitch coke
Petroleum bitumen, coke
Electric current

Soya bean oil

Cotton seed oil
Groundnut (peanut) oil
Sunflower seed oil

Other fixed veg oils, soft
Linseed oil

Castor oil

Fixed veg oils nes
Modified oil
Hydrogenated oil, fat
Fatty acd etc., residues
Animal, veg waxes
Acyclic hydrocarbons
Cyeclic hydrocarbons
Halog deriv of
hydrocarbons
Hydrocarbons deriv
nonhalog

Acyclic alcohols, deriv
Cyeclic alcohols, deriv
Phenols, phen alcohols,
deriv

Monoacids and deriv
Polyacids and deriv
Oxy-fnct acd, deriv
Amine-fnct empd
Oxy-fnctamino-cmpd
Amide-fnct cmpd, exc urea
Other nitrogen-fnct empd

0.17
0.34
0.43

0.20
014
0.07
0.08
115
0.56
0.82
0.61
0.65
0.78
0.50
1.11
1.22
0.59
045
248
0.36
0.40
0.48

0.95

0.26
747
1.47

0.62
0.96
(.95
237
414
3.07
1.55

0.26
1.20
1.50

0.40
0.31
0.24
0.05
0.60
1.28
115
1.13
0.84
0.71
1.59
1.04
0.59
1.67
zn
1.34
135
0.73
1.15

1.03

0.76
125
1.24

1.19
0.64
1.27
1.25
248
1.44
1.33

0.654
0.283
0.287

0.500
0.452
0292
1.600
1.917
0.438
0713
0.540
0.774
1.059
0.503
1.067
1.371
0.533
0.166
1.851
0.267
0.548
0.417

0.922

0.342
5.976
1.185

0.521
1.500
0.748
1.896
1.669
2132
1.165
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5154
5155
5156
5157
5161
5162
5163
5168
5222
5223
5224
5225
5231
5232

5233
5311
5312

5323

5332
5334
5411
5413
5414
5415

5513
5514

5621

5622

5629
5721

Organo-sulp ermpd

Other org-inorg empd
Heterocyclic cmpd etc.
Sulphonamides, ete.
Ethers, epoxidee, acetals
Aldehyde etc. fnct conpd
Inorg esters, salts, etc,

Org chemicals, nes

Inorg acd etc.

Halog, sulp empd nonmet
Zing, irn, lead efc. oxide
Inorg bases etc. nes

Metal empd of inorg acd
Other metal cmpd of
inorg acd

Metallic acd salts etc.

Syn org dyestuffs

Syn lumin, indigo, lakes
Diye, tann extracts, tannins
Syn tanning prod
Colouring material nes
Printing inks

Varnishes, dispensers etc.
Provitamins and vitamins
Antibiotics in blk

Veg alkaloids and deriv
Hormones, nat, syn

in blk

Essent] cil, resinoid, ete.
Mixed perfume substan
Washing preparations etc.
Chem nitrogenous
fertilizer

Chem phosphate
fertilizer

Fertilizers nes

Prepared explosives

3.27
0.87
1.90
7.62
2.00
2.83
1.04
335
0.37
0.98
0.76
1.37
0.24
0.29

4.01
.41
5.97
1.39
0.48
0.55
1.56
109
9.39
27.75
10.36
33322

.01
11.10
0.54
0.22

0.11

0.24
1.15

147
210
1.60
2.05
1.27
1.00
217
5.34
0.08
3.61
132
0.25
0.31
0.16

0.74
574
7.38
9.10
1.62
1.66
4.54
1.84
19.62
97.38
29.35
433.60

5.75
8.60
1.49
.19

0.16

0.22
43.77

2224
0.414
1.188
a7
1.575
2830
0.479
0.627
4.625
0.266
0.576
5.480
0.774
1.813

5.419
0.594
0.809
0.153
0.296
0.331
0.344
0.592
0.479
0.285
0.353
0.768

1.393
1.291
0.362
1.158

0.688

1.091
0.026
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5821

5982

5989
6113
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Phenoplasts
Aminoplasts

Alkyds, other polyesters
Plyamides
Polyurethanes

Epoxide resins

Silicones

Other condensation, etc.
prod

Polyethylene
Polypropylene
Polystyrene, its copolym
Polyvinyl chioride
Vinyl chloride, acet
copolym

Acrylic polymers, etc.
Polyvinyl acet

Other polymrztion etc,
prod

Cell nitrates

Other cell deriv, vule fib
Modified natl resins ete.
Other art plstic mtls nes
Insecticides, for retail
Fungicides, for retail
Herbicides, for retail
Disinfectants, etc.,

for retail

Starch, inulin, gluen
Albuminoid substan, glues
Chemicals from wood,
resin

Anti-knock preparins ete,
Org chem prod nes
Chem prod, preps nes
Calf leather

0.92
0.70
0.81
128
3.54
374
1.77
0.67

0.76
0.79
0.65
0.56
0.66

in
0.58
1.05

511
1.00
0.52

1.22
4.11
1.04
350

0.24
0.92
0.40

3.30
0.50
0.44
3%

1.96
1.39
i
1.85
2.00
275
3.93
0.98

0.64
0.75
0.82
0.79
0.89

1.01
0.65
1.37

4.18
347
225
135
8.19
347
aa
3.64

0.19
1.76
313

3.03
1.81
228
790

0.469
0.504
0.730
0.692
1.770
1.360
0450
0.684

1.188
1.053
0.793
0.709
0.742

3.871
0.892
0.766

1.222
0.288
0.231
1484
0.149
1.184
0.305
0.962

1.263
0.523
0.128

1.089
0.276
0.193
0.495
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6114

6115
6116
6118
6210

6517
6518
6519
6521
6522

Leather bovine nes,
equine

Leather sheep, lambs
Leather of other hide, skin
Leather specially finshd
Materials of rubber

Tyres new for motorcars
Tyres, new, bus or lorry
Tyres, new, aircraft
Tyres, new, cycles

Other tyres, tyre cases, efc.

Cork manufactures
Veneer sheets etc.
Plywood of wood sheets
Improved, reconstit wood
Wood-based panels nes
Wood simply shaped nes
MNewsprint

Print, writing paper nes
Kraft paper, paperboard
Paper, paperboard, nes
Fib building board
Corrugated paper etc., blk
Coated etc. paper nes blk
Converted paper nes blk
Silk yarn, silkworm gut
Wool, hair yarn, incl lops
Syn fib yarn, bik, monofil
Yarn of 6514 for retail
D’'scon syn fib yarn
monofil

Regen fib yarn monofil
Yarn of 6517 for retail
Txtl fib yarn nes

Grey woven cotton fabric
Weaven cotton bleached,
etc.

0.65

§.03
5.04
347
0.89
14.10
98.75
185.00
339
249
0.34
0.14
0.41
0.20
0.55
0.18
0.27
0.60
0.50
0.32
0.13
022
0.75
1.86
18.32
14.33
378
547
216

1.78
292
32
0.55
0.67

311

30.46
15.30
22.49
207
30.00
66.08
553.71
17.96
529
2.03
081
0.45
1.32
130
0.42
0.39
0.80
0.32
(.56
131
0.29
1.78
2.78
16.55
5.36
2.36
473
6.09

2.89
.40
6.77
0.62
1.34

0.209

0.264
0.269
0.154
0.430
0.470
1.494
0.334
0.189
0471
0.167
0.173
0.911
0.152
0.552
0.429
0692
0,750
0.820
0.571
0.099
0.759
0421
0.669
1.107
2.674
1.602
1.156
0.355

0.616
0.456
0.474
0.887
0.500
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6532  Dise syn txtl fabric nes 0.54 050 1080 Appendix 2
6534 Disc syn blend fabric nes 0.48 078 0.615
6536 Discregen ixtl fabric nes 0.35 081 0432

6581 Bags, sacks of txtl 0.29 020 1450 Zhang Zhongli estimated the per capita GNP of China in the 1880s
6592 Carpets etc. knotted 667 3077 0217 as $9.40 (Chang 1962, Appendix) and Wu Baosan estimated per
6612 Cement 0.04 0.04  1.000 capita GNP in 1933 as $12 (The National Income of China, 1933) both
6712 Pig irn, spiegeleisen etc. 0.13 014 0929 at current prices. For 1952 and 1957, we have the estimates by K.
6725 Irn, stl blooms, slabs, etc. 023 021 109 C. Yeh (1983). The State Statistical Bureau has estimated the GNP
6731 Irn, stl wire rod 0.38 026 1462 of China for every year since 1978. We could convert their results
6732 Irn, stl bars etc. 023 026 0885 in yuan into dollars by the official exchange rates:
6733 Irn, stl profiles etc. 0.31 0.26 1192
6744 I, stl, hvy plate, rolled 0.5 026  0.962 GNP Population Exchange rale Per capita GNP
o malsdpmntd o7 i s o gty _ vy ot
6783  Irn, stl tubes, pipes nes 0.3 039 0923 1952 74.5 0.57482 330 129.67 39.29
6842  Aluminum, alloys wrkd 1.94 133 1.459 1957 112.7 0.64653 336 174.28 51.87
6931 Wire cables, ropes etc. 109 092 118 1978 3482 096259 1.72 36173 21031
7611 Colour TV receivers 14418 19660 0733 1979 300 8 0.97542 1.55 409 87 264.44
The simple geometric mean of price ratios of manufactured goods is 1980 4470 098705 1,49 45286 30393
opeuERbely G5 1981 4773 1.00072 167 47696  285.60
1982 519.3 1.01590 1.85 511.17 276.31
1983 5809 1.02764 1.97 565.28 286.94
1984 696.2 1.03876 224 670.22 29921
1985 855.8 1.05044 297 814.71 274.31
1986 969.6 1.06529 349 91017 260.80
1987 1,130.1 1.08073 373 1,045.68 280.34
1988 1.398.4 109614 372 1,275.75 34294
1989 1,578.9 11119 in 141999 381.72
1990 1.740.0 1.14333 5.20 1.521.87 292,67

The Statistical History of the United States has a series of U.S. per
capita GNP in 1958 dollars since 1869-1878. Using the U.5. GNP
deflator, we could connect the Chinese data to this series for

COmparison:
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Per capita GNP in 1958 dollars

LS. China U.S/China

1869-79 531

1879-88 774 3547 21.8
1933 1.126 30.53 369
1952 2,517 44.90 56.1
1957 2,642 53.20 49.7
1978 4,789 9067 48.0
1979 4,866 11548 421
1980 4,798 121.57 39.5
1981 4,840 104.23 46.4
1982 4,694 05.28 49.3
1983 4,815 95.33 50.5
1984 5076 95.59 53.1
1985 5,166 8493 60,8
1986 5,300 79.03 67.2

Although both the U.S. and Chinese results are rough esti-
mates with many problems in data and methodology, we can still
make two observations: a wide gap already existed between the
U.S. and Chinese per capita GNP in the 1870s, and its size has
grown further in the last 120 years.

The industrial revolution made steam engines work for man.
In 1850, the United States had 2,121,000 HP of steam engines.
Foreign steamships called frequently at Chinese ports beginning
in the 1830s, but China herself had no steam engine in 1850. Before
the industrial revolution, man domesticated animals, water and
wind power to help him work. In 1867, the United States had
28,636,000 heads of cattle, 6,820,000 horses and 1,000,000 mules.
With a population of 37,376,000, everybody had one large animal
on average. In contrast, the average Chinese had only 0.11 large
animal in 1949. The French geographer Pierre Gourou noticed in
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1948: “What is more, they make little use of work animals; the
essential farm tasks are done by hand. Indeed, some villages in the
Yangtse delta do not have a single draft animal” (Gourou 1948).
Per capita energy consumption may serve as an indicator of
industrialization. The per capita energy consumption of the
United States was 9,577 kilograms of standard coal in 1984, while
that of China was 683 kilograms. The total area of the United
States is 97.6 per cent of China’s. But both arable and forest lands
in the United States are twice as large as those in China. The
Americans practise mixed farming. In 1982, the value of farm
products sold was $131.6 billion, of which $61.9 billion were crops
and $69.4 billion were livestock, poultry and their products. Crops
included hay, fruits, nuts, nursery products and forest products in
addition to grains, oil-bearing crops, vegetables, sugar crops, fi-
bres, tobacco, etc. Farms were classified in accordance with their
principal products, such as grain farms, fruit and nut farms, cattle,
hog and sheep farms, dairy farms, poultry farms, etc. Oranges are
the principal commodity of Florida. Cattle is the principal com-
modity of eight mountain states. Connecticut is a producer of eggs
and dairy products. Georgia, Alabama, Delaware and Maryland
specialize in poultry. The United States has 986.8 million acres of
farmland, of which only 383 million acres were used for crops in
1982, Lands not used or not suitable for crops can be shifted to
pasture, tree or other uses. Since the New Stone Age China had
developed an intensive agriculture. People grew grains and vege-
tables on the best lands, to the neglect of hills, mountains, forests,
pastures and cattle-raising. The United States had more than 105
million heads of cattle in 1986 and produced more than 10 million
tons of beef and veal. China had 91.7 million heads of cattle but
produced only 589,000 tons of beef. China has not made full use of
the land resources to produce more feed for cattle and plant more
trees for fruits, nuts and lumber. Between 1886 and 1985, the
average annual growth rate of per capita GNP in 1985 dollars was
1.92 per cent for the United States and 1.70 per cent for China,
using the 1985 per capita GNP estimated by this study, $615.5, or
190.56 in 1958 dollars. There have been several major wars and
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disasters in the period; in all, 20 years may have been wasted by
those events. If there had been no waste of time, the average
annual growth rate would have been 2.12 per cent, and the 1985
per capita GNP of China would have been 290.12 (1958 dollars) or
937.08 (1985 dollars).
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Appendix3 A Reply to the Comments by Messrs. T.
T. Hsueh and K. Y. Tsui

[ contributed the paper, “An Estimate of the 1985 GNP of China”
to the Conference on “Productivity, Efficiency and Reform in
China's Economy.” Messrs. Hsueh and Tsui have kindly read the
paper and made valuable comments and suggestions on it. I
would like to elucidate a few points thereof.

To make international comparisons between the per capita
GNP of China and another nation, we have two problems: to
evaluate the GNF of China and express it in terms of some inter-
national monetary units, for example, the U.S. dollar. The concept
of purchasing power parity (PPP) as by Irving Fisher and Profes-
sor Kravis could be useful in theory for the second problem and
irrelevant to the first. However, the PPP methodology applied to
the case of China encounters many obstacles and proves to be not
very helpful.

In October 1979, Professor Kravis visited China and gathered
prices in five cities and rural areas adjacent to three of them. For
grain products, the retail prices were reduced by 7 per cent and for
most other foods by 15 per cent to approximate national average
prices.

The urban inhabitants in China paid a part of the food price,
the residual part was paid by the government. To prevent the very
cheap grains in the city from returning to rural area, grain cou-
pons were issued to city dwellers. In 1979, farmers sold grains to
the state at a price 30.5 per cent higher than that in 1978, but the
state sold it to city dwellers at a price even (1.5 per cent lower than
that in the previous year. Ninety-three price ratios were calcu-
lated, of which 20 ratios were those of transportation, communica-
tions, recreation, education, medical care, ete. The services prices
for most urban inhabitants were very cheap, because the state
paid a large part of them.

If one evaluate the purchasing power of the Renminbi on the
basis of the cheap prices paid by urban inhabitants, the result will
be over-valuation.
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As China had not published her 1975 GNP but had published
the 1976 per capita national income as $139, Professor Kravis
converted it to 270 yuan using an exchange rate of 1.94 yuan per
dollar and treated it as the starting point of 1975 GNP estimation.
As most prices of products and material inputs were admin-
istered, the income calculated for each sector was rather arbitrary.
At that time, many consumers’ and producers’ goods were in
short supply. People spent much time and energy and even paid
additional transaction costs in order to obtain the desired goods.
On the other hand, there were also a large quantity of unsalable
goods, but no enterprise had the competence or motivation to
lower their prices.

As Professor Kravis explained, his approach was to make
comparisons of prices in order to derive quantity ratios. For any
one item,

Qc/Qus = PeQce/PusQus/Pc/Pus (1)

FPP was but a means to obtain the end, quantity ratio. The inter-
national comparison of GNP is a comparison of quantities after
all. And the Chinese statistical data are strong in quantities but
weak in prices and financial accounting. Why not make quantity
comparisons directly?

Multiply both sides of (1) by Pus/Pus, we have

QcPus/QusPus = PcQc/Qus/Pc = Qc/Qus (2)

I use Equation (2) instead of (1) to base the calculation on a
firmer bedrock. Equation (2) has at least two advantages. The
evaluation of China’s GNP is made in terms of market prices
instead of administered prices. I use the vast resources of physical
quantity data instead of a few administered prices as the basis of
international comparison.

I assume that differences between export and import prices
reflect quality differences. Messrs. Commentators called my atten-
tion to the possible distortion of export prices by subsidies. [
assume export prices were determined by the international mar-
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ket. The government could make the exporters more profitable
but the latter are price-takers in the world market.

Messrs. Commentators are right in pointing out the arbitrari-
ness of the intra-national quality factors. To enhance the quality of
export goods may be the practice of many countries. They are at
least better packaged. Perhaps, I could rather give up the intra-na-
tional price factors. In that case, the 1985 GNF of China will be
$687.42 billion, and the per capita GNP will be $657.6.
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Overview of Productivity Performance
in Taiwan’s Industrial Sector

Chi-yuan Liang

I. Introduction

In the past three decades, Taiwan has become one of the most
dynamic economies in the world. Its gross national product grew
at 9.2 per cent per annum between 1961 and 1988. Discovering the
causes of Taiwan's fast economic growth is quite an interesting
topic, since it not only provides clues for Taiwan’s continuous
economic growth in the future, but the lessons of the “Taiwan
Experiénce” might also be useful to other developing countries.
There have been numerous attempts made to analyse the
sources of Taiwan’s economic growth and the results have also
been fruitful.' Basically, the relevant studies, whether at the sec-
- toral or aggregate level, may be classified into either a demand-
side approach or a supply-side approach. The studies adopting a
demand-side analysis attribute Taiwan’s economic growth to the
expansion of domestic demand and foreign demand. The studies
following the supply-side approach with the use of production
functions commonly allocate the growth of the economy or an
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industry to the growth of factor inputs and total factor productiv-
ity (TFP), or technical change.

Most of the supply-side research has mainly covered the man-
ufacturing and agricultural sectors. The other sectors, such as
services, utilities, mining, construction and transportation are ig-
nored. Moreover, most of these papers discuss only the rela-
tionship between value added and factor inputs, such as labour
and capital. In fact, the intermediate input makes up a larger share
of total cost than capital and labour. The substitutability and com-
plementarity between intermediate input and capital, and be-
tween intermediate input and labour are so important that it is
inappropriate simply to ignore them. In addition, since the 1973
Oil Shock, the effect of changes in energy prices and quantities on
output growth and the relationship between energy input and
other factor inputs have become a world-wide concern. Conse-
quently, the conventional value added model should be replaced
by a model in which the change in output is explained by the
change in factor inputs, including capital, labour, energy and
other intermediate input, and change in total factor productivity
or technical change.

Furthermore, in previous studies, the heterogeneity within a
specific category of input is not taken into account. For example,
the nature of labour input is different according to working status
such as manager, clerk, engineer, skilled labour and unskilled
labour. Within the capital input, the nature of such inputs as
construction, machinery, transportation equipment, land and in-
ventories also varies. To measure accurately the contribution of
factor inputs to the growth of output and the changes in produc-
tivity, every factor input should be further decomposed before
being summed up, using appropriate weights.

By improving the conventional research framework men-
tioned above, the objective of this chapter is to measure the
growth of output, inputs and productivity change by different
industries and to analyse the sources of growth in output and total
factor productivity with respect to Taiwan's 25 industries during
1961-1981. In addition, an international comparison among the
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United States, Japan and Taiwan is conducted. Finally, policy
implications are drawn from the findings.

For this purpose, a translog or Torngvist index, which theoret-
ically approximates Irving Fisher’s ideal index, is employed. The
translog index is derived from the translog production function,
which is a much more general functional form than the conven-
tional Cobb-Douglas and CES (Constant Elasticity of Substitution)
functions.

The outline of the rest of this chapter is as follows: Section II,
Methodology; Section II1, Data Compilation; Section IV, Results;
Section V, Conclusion and Suggestions.

I1. Methodology

Following Gollop and Jorgenson (1980), we measure sectoral pro-
ductivity by using a translog production function:®

InQ = Inoty + oy T + oK + ouInL + ceInE + oglnM
+% BrcInK)? + BrolnK InL + BrelnK InE
+ BrodlnK InM + BT InK + 3 Bu(inL )’
+ BeelnL InE + Brelnl InM + BT InL

+% Bee(IMEY: + BewdnE InM + BerT InE

+: % Bram(InM)* + PaerT InM + % Brr T (1)

OQutput (Q) is a function of the logarithms of capital (K),
labour (L), energy (E), intermediate input (M) and time (T) which
is a proxy for the level of technology. The production function is
assumed to exhibit constant returns to scale, so that a propor-
tionate change in all inputs results in a proportionate change in
output. The translog production function is characterized by con-
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stant returns to scale if and only if the parameters satisfy the
following conditions:’

Otk + O, + Ot + Oy = 1 @)
Bux + B + Pre + Prn =0 (3)
Bux+ Prr+ Pee+ P =0 (4)
Bex + Pee + Pee + P =0 (5)
Bave + Paac + Buee + Prne =0 (6)
Bir + Ber + Per + Par=0. (7

Differentiating Equation (1) with respect to capital (K), labour
(L), energy (E) and intermediate input (M) respectively, we can
derive the value share equations of capital, labour, energy and
intermediate inputs as in the following equations:

5;; =0+ ﬁxxh’lx + Bm,h’lL + ﬂxsjﬂE + BKMII"IM + Ilrr? {ﬁ}
S, = oty + PudnK + Pudnl + PieinE + PuddnM + BT (9)
St = oig + PexdnK + Pecdnl + PeelnE + PesdnM + BesT (10)

Su = tias + PraInK + BradnL + PuelnE + BroadnM + Pan T, (11)

Similarly, differentiating Equation (1) with respect to time (T),
we can derive the rate of technical change or total factor pro-
ductivity change as:

Ry = ctr + PirinK + Proinl + PerdnE + PralnM + By T. (12)

If we consider data at any two discrete points of time, say T
and T-1, the average rate of technical change can be expressed as
the difference between successive logarithms of capital, labour,
energy and intermediate input with weights given by average
value shares:*
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= InQ(T) = InQ(T-1) - Sg [InK(T) - InK(T-1)]
=5, [InL(T) — InL{T-1)] = S¢ [InE(T) — InE(T-1)]

= S [InM(T) = InM(T-1)] (13)

where
Sx=3 [T + SK(T-1)] (14)
5= [SuT) + ST-1)) 1s)
e % [Se(T) + S(T-1)] (16)
5= 2 [Su(D) + SulT-D)] (7)
(18)

Rr= % [RH(T) + Re(T=1)].

We refer to this expression as the average rate of technical
change, and Rras the translog index of the rate of technical change
or the translog index of the rate total factor productivity change.
The translog index is sometimes called the discrete version of the
Divisia index or the Tornqvist index.”

Similarly, we can consider specific forms for the functions
defining industry aggregate capital (K), labour (L), energy (E) and
intermediate input (M). For example, the intermediate input ag-
gregate can be expressed as a translog function of m individual
intermediate inputs:

InM = o InM, + czlnMs + ...+ cinM, + % Bu(inM,)

+ PualnM 1My + .. +% B (1M, (19)
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The translog intermediate input is characterized by constant
returns to scale, if and only if,

g+t +ig=1 (zﬂ:l
B;]+ﬁ12+...+ﬁm=0 [21}
Pim+ Bam + oo+ Pram = 0. (22)

The value share of individual intermediate inputs can be ex-
pressed as

S =06+ PulaM; + BadnM: + ... + PodnM, 1=1,2, ., m. (23)

Considering the data at discrete points in time, the difference
between successive logarithms of intermediate input is a
weighted average of differences between successive logarithms of
individual intermediate inputs with weights given by average
value shares:

InM(T) ~ InM(T-1) = 3. Sy [InM(T) - InM(T-1)},

i=1

(i=1,2,..m) (24)

where
Swi= [SD) + Su(T-D), (=1,2,...m), 25)

Similarly, if aggregate capital, labour and energy input are
translog functions of their components, we can express the dif-
ference between successive logarithms as follows:

k
InK(T) - InK(T-1) = ¥, S; [InK{(T) — InK(T-1)],

(i=1,2 ..k (26)
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!
InL(T) - InL(T-1) = ¥, 5u: [InL{T) - InL{T-1)],

i=1

(i=1,2,..1) (27)

INE(T) - IE(T=1) = 3. S&: [INE(T) = InE{T-1)],

iml

(i=1,2,..6) (28)
where
Sk =n1; [Skd(T) + Sk(T=1)), (i=1,2, ...K) (29)
EF% [Su(T) +Su(T-1)], (i=1,2,...1) (30)
Bx =% [Se(D) + Se(T=1)], (i=1,2, ....e). (31)

We refer to these expressions for aggregate intermediate
input, capital input, labour input and energy input as translog
indexes of intermediate input, capital input, labour input and
energy input.

It is also noted that, although we are not going to estimate the
parameters of the translog production function specified in Equa-
tion (1), defining indexes appropriate for discrete points of time is
needed according to Nelson (1973) and Usher (1974). Further-
more, Diewert (1976) has shown that if the translog production
function is a homogeneous translog, then the translog quantity
index will be exact. This provides a theoretical foundation for
using the translog index in productivity analyses.

ITI. Data Compilation

The observation period of analysis runs from 1961 to 1981. The
industries covered are the following 25 sectors: agriculture, min-
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ing, utilities, construction, transportation and communications,
services and 19 manufacturing sectors. Owing to space limitation,
we select the manufacturing sector as an example to demonstrate
how the data are compiled.

Capital Input

Capital input is decomposed into five classes: (1) construction
(K:), (2) machinery (K3), (3) transportation equipment (Ks), (4)
land (K4}, and (5) inventories (Ks). Data on quantities and value
shares in total capital input of various kinds of capital are needed
to calculate the translog index of capital input. The quantity of
machinery, transportation equipment and construction is mea-
sured by the following equation:

K(T)=K{(T) - D(T), i=1,2,3 (32)
and

K{(T)=K{T-1)+ (), i=1,2,3 (33)
where

K{(T): gross capital stock of type i (at 1976 prices) in year t;
Ki(T): capital stock of type i (at 1976 prices) in year t;

L(T): gross investment type i (at 1976 prices) in year t;
Dy(T): capital allowance of type i (at 1976 prices) in year t.

Data on K/ comes from the 1975 Survey of Industrywide Fixed
Capital Stock in Tajwan Area, published by the Council on Eco-
nomic Planning and Development and from the Industry and Com-
merce Survey of 1971. I(T) and its deflator Py are obtained from the
Directorate General of Budget, Accounting and Statistics
(DGBAS) of the Executive Yuan.

Since it is well-known that the capital allowance figures from
the National Income Account are often overestimated, we adjust the
depreciation data from the National Income Account by multiplying
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it by (.64, a figure obtained from the Council on Economic Plan-
ning and Development to estimate the actual capital allowances.

The data on the quantity and the value of land are estimated
by interpolating and extrapolating the data from the Census Reporf
of Industry and Commerce in Taiwan Area in various years. Similarly,
we interpolate and extrapolate the data from the same census data
to obtain the data on the value of inventories. We then deflate the
value of inventories by an output price index to estimate the
quantity of inventories or the value of inventories at constant
prices. The output price index is derived from the National Income
Account and the Production Index of Industry in Taiwan compiled by
the Ministry of Economic Affairs,

For calculating the translog index of capital input, the data on
shares of individual capital input S; are also needed. S, is obtained
by multiplying the quantity of capital input K; with the rental
price capital input Py; and dividing by the sum of Py*K;, i.e., total
property compensation. According to Gollop and Jorgenson
(1980), the rental price of the ith type of capital input takes the
following form:

Py = 1—:1"—_‘%%‘—7-1 [PY(T-1) (1 -~ (T)) R(T) +8P«(T)

—(PT) = P(T-1))] + P w(T), i=1,2,3,4,5 (34)

where

W(T):  the enterprise income tax rate;

Z(T): the present value of capital allowance of type i;
Py(T): the price index of gross investment of type i;
R(T): the nominal rate of return;

& the depreciation rate;

Ti: the property tax rate of capital of type i.

By Equation (34), the rental price of capital input of type i is
the sum of the nominal return to capital Py(T-1)" - R(T) and depre-
ciation &Py(T), less capital gain Pu(T) — Pe(T=1), multiplied by the
adjustment factor of business income tax and present value of
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capital allowance l—jlﬂ_%{—%gl to be added to the property tax on

capital of type i Py(T) w(T).

Enterprise income tax rate u(T) comes from the National In-
come Account. The property tax rate of capital of type i, 7, is
compiled from the Fiscal Statistical Yearbook published by the Min-
istry of Finance. Based on the straight-line depreciation method,
the depreciation rate 8 equals the reciprocal of the years of asset
life n;, which is obtained from the DGBAS. The present value of a
dollar of capital allowance of type i, Z(T), can be derived using the
following equation:

241 =D, (35)

The present value of a dollar of investment goods of type i may be
estimated as follows:

z!l""?‘!"r—l 36
D Hl+n"=1 oo

where n; is the number of years of asset life.
r is the interest rate.

The interest rate r employed is the weighted average of inter-
est rates of different terms obtained from the Monetary Statistical
Monthly. The price indexes of machinery, transportation equip-
ment and construction are compiled from the 1375 Survey of Fixed
Capital Stock in Taiwan, published by the Council on Economic
Planning and Development. The output price indexes of ma-
chinery, transportation equipment and construction sectors are
derived from the National Income Account and the Production Index
of Industry in Taiwan published by the Ministry of Economic Af-
fairs. Finally, the rate of return R(T} is calculated using the follow-
ing equation:
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5 —
PC-3 I+ T u{f;m (BPHT) - P THIK, (37)
R{T} = 15= 1

¥ (1 -w(T) Z(T)) Pi(T-1) K{T)

imi

The property compensation (PC), which is comprised of rent,
interest, profit and capital allowance should by definition be equal
to the total sum of the values of individual capital inputs. Data on
the property compensation is available from the National Income
Account, The data of P(T) and R(T) are obtained by solving Equa-
tion (34) and Equation (37) simultaneously.

The time-series data on the value share of capital in total
output are compiled from the National Income Account and are
adjusted using the 1976 Input-Output Table. The adjustment is
undertaken to subtract the wage compensation of self-employed
workers from the property compensation, National Income Ac-
count. The 1976 Input-Output Table is used for the adjustment
because it was the most up-to-date Table when this study was
undertaken.

Labour Input

According to the Census Report of Industry and Commerce in Taiwan
Area, the labour is classified into four groups: (1) managers and
clerks; (2) engineers and technicians; (3) skilled labour; and (4)
non-skilled labour. The data for the aggregate quantity of labour
input is provided by DGBAS. The structure of labour input, classi-
fied by the above four types of labour, is derived by interpolating
the Census data for the years 1961, 1966, 1971 and 1976; the 1981
data are from the Labor Statistics Monthly, published by DGBAS.
The data pertaining to the breakdown of labour compensation
are compiled by the following procedures: (1) interpolating the
Census data of 1961, 1966, 1971 and 1976, and the 1981 data from
Labor Statistics Monthly, to arrive at preliminary estimates of four
types of wage Py; (2) adjusting Pu with the Adjustment of the
Manufacturing Wage Statistics in Taiwan Area to obtain Pu'; (3)
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multiplying L, with P/’ to get the labour compensation; (4) adjust-
ing the labour compensation Li:Py’ with the National Income Ac-
count to get the adjusted labour compensation; and (5) using the
adjusted labour compensation and L, to get the wage rate Py,

Similarly, the value share of labour compensation in total
output is derived from the National Income Account, it is then
adjusted by adding the compensation of self-employed works to
labour compensation.

Intermediate Inputs

There are five categories of intermediate inputs: agricultural inter-
mediate input, industrial intermediate input, transportation’s in-
termediate input, service intermediate input and imported
intermediate input.

The data on value shares of each intermediate input during
1961-1981 are then obtained by interpolating and extrapolating
relevant data from the Input-Output Table in 1961, 1966, 1969, 1971
and 1976.

Similarly, the value and value share of the intermediate input
as a whole come from the National Income Account and are ad-
justed using the 1976 Input-Output Table. Since the data on inter-
mediate input in the National Income Account include energy input,
we subtract the value of energy input (see next section) from the
value of intermediate input.

The value of each detailed intermediate input (at current
prices) is the product of the value share of the intermediate input
Sy and the value of total intermediate input M. Finally, the value
of each intermediate input at constant prices is produced by de-
flating the value of each intermediate input with the corre-
sponding deflator.

The sources for those deflators are as follows: (1) agricultural
intermediate input: Statistical Yearbook, DGBAS; (2) industrial in-
termediate input: Commodity Price Statistics Monthly, DGBAS; (3)
service intermediate input: 1981 National Income Account; (4)
transportation’s intermediate input: 1981 National Income Account;
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(5) import intermediate input: Monthly Statistics of Exports and
Imports, the Ministry of Finance.

Energy Input

The translog index of energy input consists of coal, oil products,
natural gas and electricity. The quantities of various types of
energy consumed are available in Energy Balance in Taiwan, R.O.C.
published by the Energy Committee. The price for each type of
energy is mainly compiled from the Taiwan Energy Statistics, En-
ergy Committee and the Commodity Price Statistics Monthly,
DGBAS.

Again, for consistency, the value shares of various types of
energy are adjusted using the 1976 Input-Output Table.

Real Total Output and Value Added

The index of real total output comes from the Statistics of Industrial
Production. The deflator of total output is derived from the Na-
tional Income Account and the Statistics of Industrial Production. The
real value added is the product of the value of real total output
and the sum of value shares of capital input and labour input.

IV. Results

The Growth of Real Output and Value Added

The Growth in Sectoral Real Output

The estimated growth rate of sectoral real output during 1961-
1981 is presented in column 1, Table 1. The following conclusions
emerge:

(1) The manufacturing sectors had relatively higher growth
rates in real output than the non-manufacturing sectors. The man-
ufacturing sector as a whole grew by 14.2 per cent per annum in
terms of real output during 1961-1981. The output growth rates of
the non-manufacturing sectors were as follows: construction (12.5
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Table1  The growth of real total output and value added,

per cent), transportation (11.2 per cent), public utilities (10.9 per 1961-1981 (%)

cent), services (9.3 per cent), agriculture (3.2 per cent) and mining
(2.2 per cent).

(2) The relatively outstanding performers in manufacturing Industey b i Value added growth
were as follows: electrical machinery (27.1 per cent), miscella- 1961-81 1961-73 1973-81 1961-81 1961-73 1973-81
neous manu.fachn‘ingl {(22.0 per cent), transportation equipment Agriculture 115 372 298 332 370 275
(21.0 per cent), chemicals (18.7 per cent), .cluthing and apparels Mining 215 180 267 130 225 -012
(18.5 per cent), rubber (16.9 per cent), textiles (14.8 per cent) and Manofactoring 1424 1693 1022 278 1511 9.28
metal (14.7 per cent). On the end, the relative poor growth per- 5B IEI i 144;5 EI‘?{} SiE e T
formers were wood and bamboo (7.7 per cent), printing (8.8 per : ' e ' : :
cent) and beverages 9.3 per cent). Beverages 9.34 12.33 4,86 875 10.47 6.17

(3) Except for mining, construction, leather and furniture, all Textiles MEs 1035 747 42 1sdy 903
of the sectors’ growth rates decelerated after the 1973 Qil Shock. Clothing 1848  22.64 12.26 1491 1650  12.54
For instance, the growth rate of manufacturing as a whole Leather 1284 1168 14.57 13,18 1266 1396
dropped from 16.93 per cent before the Oil-Shock period (1961- Wood 768 1537  -3.86 573 1356 -6.02
1973} to 10.22 per cent of the Post-Oil-Shock period (1973-1981). Firnitiize 9.35 9.4 9.37 8.51 8.44 8.62

Paper 1095 1166 O88 10,11 1102 8.75
Printing .77 11.88 411 9. 10.94 6.21
Chemicals 1873 23.08 12.20 16.41 22.49 7.29
Rubber 1689 2223 8.89 1670 22.64 7.77
Pet. and coal 12.42 17.97 4.10 7.16 15.58 -5.48
Nom-metallic 1170 11.99 11.26 980 1141 7.38
Basic metal 14,22 15.40 12.45 1240 1283 11.75
Metal prod. 14.73 16.87 11.53 13.29 17.00 1.71
Machinery 14.20 17.14 9.7% 12,15 14.22 9.04
Elec. mach. 2112 37.36 1.77 2539 3485 11.19
Trsp. eqpt. 2103 2620 13.27 19.60 2527 1133
Misc. mfg, 2204 2432 18.63 2098 2252 18.68
Utilities 10,93 13.35 7.31 897 10.08 7.30
Construction 12.49 12.06 13.14 12.07 10,10 15.01
Trsp. comm. 11,24 1265 9.12 11.84 1404 8.54

Services 930 1064 7.28 9.75 1L57 7.02
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The Growth in Sectoral Real Value Added

Table 1 reports the estimated growth rate of sectoral real value
added during 1961-1981. From this we conclude:

(1) In most cases, the sectors with high growth rates of real
output were also the sectors of high growth rates in real value
added. The manufacturing sector as a whole, which registered a
12.8 per cent annual growth rate in real value added during 1961-
1981, outpaced all of the non-manufacturing sectors. Among the
non-manufacturing sectors, the ranking in terms of growth rates
of real value added was as follows: construction (12.1 per cent),
transportation (11.8 per cent), services (9.8 per cent), public utili-
ties (9.0 per cent), agriculture (3.3 per cent) and mining (1.3 per
cent).

(2) The relatively outstanding growth performers in the man-
ufacturing sector were the electrical machinery (25.4 per cent),
miscellaneous manufacturing (21.0 per cent), transportation
equipment (19.7 per cent), rubber (16.7 per cent), chemicals (16.4
per cent), textiles (15.0 per cent), clothing and apparels (14.9 per
cent), metal (13.3 per cent) and leather (13.2 per cent). The rela-
tively slower growth sectors were as follows: petroleum and coal
(7.2 per cent), furniture (8.5 per cent), food (8.7 per cent) and
beverages (8.8 per cent).

(3) Compared with the growth rates of real output (see col-
umn 1, Table 1), the growth rates of real value added were smaller
in most of the manufacturing sectors. For instance, the manufac-
turing sector as a whole grew by 12.78 per cent per annum in
terms of real value added during 1961-1981, while it increased by
14.24 per cent yearly in terms of real output.

(4) After the 1973 Qil Shock, the growth in real value added
decelerated in most sectors, when the growth rate of the Post-Qil-
Shock period (1973-1981) and that of the Pre-Oil-Shock period
(1961-1973) were compared. The exceptions to this were the con-
struction, food, leather and furniture sectors.
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The Growth of Factor Inputs

The growth of factor inputs by sector during 1961-1981 is tabu-
lated in Table 2. From Table 2 we arrive at the following conclu-
sions:

(1) Among the 25 sectors, basic metal had the highest rate of
growth in capital input — 2927 per cent increase per annum
during 1961-1981. It was followed by petroleum and coal products
(22.57 per cent), mining (21.05 per cent), transportation equipment
(19.75 per cent), furniture (16.90 per cent), utilities (16.55 per cent)
and transportation and communications (14.24 per cent).

(2) With respect to labour input, the electrical machinery in-
dustry registered a growth rate of 14.25 per cent per annum, the
highest of all sectors. Next came chemicals (9.79 per cent), metal
products (9.26 per cent), construction (8.70 per cent), rubber prod-
ucts (8.29 per cent), miscellaneous manufacturing (8.02 per cent),
machinery (7.69 per cent) and basic metal (7.47 per cent).

(3) As for the growth of energy input, leather (24.78 per cent),
electrical machinery (19.67 per cent), rubber (18.83 per cent), metal
products (15.68 per cent), wood and bamboo (14.83 per cent),
furniture (14.83 per cent), transportation and communications
(14.37 per cent) were among the highest growth sectors.

{4) For intermediate input, with the exception of construction
{13.45 per cent), all of the sectors with two-digit growth rates were
in manufacturing. Among the high growth sectors were miscel-
laneous manufacturing (37.54 per cent}), chemicals (30.75 per cent),
electrical machinery (23.99 per cent), clothing and apparels (23.76
per cent), printing (20.12 per cent) and wood products (20.06 per
cent).

{5) In most sectors, capital and intermediate inputs took the
lead in growth rate, while the labour and energy inputs were the
laggards.

(6) Compared with the Pre-Oil-Shock period (1961-1973), the
growth rates of energy, labour and intermediate inputs generally
dropped during the Post-Oil-Shock period (1973-1981). Con-
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versely, the growth rate of capital sped up in most of the sectors Table2 (Continued)
between the two periods.

Industry Intermediate input growth Encrgy input growth
1961-81 1961-73 1973-81 1961-81 1961-73 1973-81

Table2  The growth of factor input by sector, 1961-1981 (%)

Industry Capital input growth Labour input growth Agriculture 3,98 4 88 2.61 8.05 1006 502
1961-81 1961-73 1973-81  1961-81 196173 1973-81 Mining 677 711 626 534 581 449
590 — Manufacturing 14.69 19.21 7.91 10,03 12,35 65.56
Agriculture 247 20 212 il W s Food 10,10 1504 269 828 1194 279
Mining 2105 2421 1631 L17 285 136 e % BW SN S fisL 4w
Manufacturing 879 752 1070 692 801 527 i ol gk T Gk Be e
';md :‘?;' i‘i :;i :';i i:: {:'E; Clothing 2376 3436 784 1317 1884 467
i s 1 : ; : ' ' Leather 856 1954 790 2478 2970 1739
Textiles 12906 1453 1059 642 1095 -0.38 i Sl em ERE R mer  uE
Clathing 510 0 248 641 1760 :':: Furniture 577 1411 674 1483 2061  6.16
Leathes b T ks 3'22 :’:: : ; A Paper 14.18 14.04  14.39 B85 1049 6390
Wood ]::; I:;; z?;? :'46 T e Printing 2002 2407 1419 781 805 745
ik : : o Ve i e Chemicals 3075 2546 3869 1001 1257 617
P“P’f 3'5'; :‘: : s.:a 4'95 4' % 5’ s Rubber 659 1712 9 1883 2427 1067
Reeas :'zl 5 ok o wr PeLandcoal 1489 2145 505 1107 1121 1087
Chemitals 2’ 5 e & 0;3? 8‘19 E.m E: 4 Non-metallic 1467 1042 21.04 935 1015 816
:::bbe; I ;2157 zz‘-.u 2201 5:59 1121 115 Basicmetal 1814 2434 884 353 852 396
ND;IM = :'.93 3'“ Wik 5:31 5133 1‘52 Metal prod. 1652  17.81  14.59 1568 1724 1333
swisssioralliuingiinnll v “E ok e Machinery 1724 2286 881 1381 1394 1363
Mul:l rod 713 45‘33 758 9‘26 ';Iza 9.4 Elec. mach, 2399 3581 626 1967 2658 930
Mmi:w' Ve Ge Suk 7i59 E: i p = Trsp. eqpt. 1973 2322 1449 1410 1883 701
P “'m ”' t m'm 435 1732 964 Misc. mfg. 37.54  51.85 1607 123 526 -4.81
Trsp.capt, 1975 2180 1669 Ei0. A éns Utilities 1292 1685 703 1298 1929 35l
Mi:__' ?rgl 017 ﬁisa s Boo: <B4D  Ewd Construction 1345 1524 1076 1288 1015 1697
Utilities 1655 1250 2250 453 421 49 TiSp. comp, f3%  Jab: adl a3 Wah A8
Construction 1283 9.00 1857 870 793 984 ;i Al A CHOE: ¥ X S
Trsp. comm. 1424 1473 1352 693 974 272

Services 430 3.01 6.23 5.18 5.72 4.38
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The Growth of the Total Factor Productivity (TFP)

Based on Equation (13), the average rate of technical change (or of
TFP change) during 1961-1981 is presented in column 1, Table 3.
The following important conclusions emerge:

(1) The rubber product sector enjoyed the highest TFP growth
— 8.84 per cent per annum during 1961-1981. Next to it was
electrical machinery (7.26 per cent). This was followed by miscel-
laneous manufacturing (6.64 per cent), leather (5.10 per cent),
textiles (3.73 per cent), transportation equipment (3.69 per cent).
All of these were in manufacturing. Outside manufacturing, the
best performer was the service sector (3.12 per cent).

(2) The lagging sectors in terms of TFP growth included min-
ing (-1.90 per cent), utilities (-1.60 per cent) and some manufactur-
ing such as, wood (-7.75 per cent), printing (-6.53 per cent),
chemicals (-3.81 per cent), petroleum and coal products (-2.07 per
cent), basic metal (-1.43 per cent), paper (-0.91 per cent) and bever-
ages (-0.51 per cent). Most of them were either energy industries
or energy-intensive industries.

(3) Compared with the Pre-Oil-Shock period (1961-1973), the
TFP growth rate fell in 12 sectors, while it rose in 13 sectors. The
notable drop in the TFP growth rate of chemicals and wood after
the 1973-0il-Shock could be attributed to the price hike of their
intermediate inputs.
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Table3  The growth of total factor productivity by industry,
1961-1981 (%)

Industry Output TFP growth Value added TFP growth

1961-81 1961-73 1973.81  1961-81 1961-73 1973-81

Agriculture 1.19 0.87 1L.67 334 2.82 4.4
Mining 190 <177 -2.10 0,98 1.24 -4.31
Manufacturing 1.70 1.21 2.44 4.83 137 1.03
Food 3.38 1.65 5.97 4.47 0.78 1.00
Beverages 051 -049 054 467  7.05 1.10
Textiles 3713 255 5.50 6,88 6.96 6.76
Clothing 2.28 0.08 558 9,09 9.31 £.76
Leather 5.10 -3.19 17.53 812 9.22 6.47
Wood -71.75 382 -25.09 0.67 7.67 =082
Furniture .76  -2.83 B.64 -1.81 -0.82 -3.29
Paper -0.491 000 -2.29 327 5.16 0.42
Printing -6.53 -6.35 -6.80 e 5.81 0.73
Chemicals -3.81 455 -1636 8.23 13.95 -0.35
Rubber £.84 680 1190 685 1246 -1.58

Pet. and coal -2.07 -2.03 -2.14 937 -3.03 -19.87
Non-metallic  1.26 3.01 -1.26 265 445 -0.05
Basic metal 143 490 176 -2.61 2.66 -10.54

Metalprod. 090 238 -132 482 876  -1.07
Machinery 020 -039 108 362 589 0.22
Elec.mach. 7.26 914 445 1286 20,68 1.13

Trsp.eqpt. 369 627 018 766 1244 0.50
Misc. mfg. 664 764 515 1192 1437 8.23

Utilities -1.61 -2.31 -0.57 470 084 -10.49
Construction 046  -044 1.81 222 1.84 280
Trsp. comm. 1.62 1.61 1.65 1.51 192 0.89

Services 312 5.17 004 5.10 T.48 1.54
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Growth of TFP of Value Added

Similar to the measurement of the growth of TFP of real total
output, the total factor productivity of value added can be calcu-
lated using the following equations:

RY = [InV(T) — InV(T-1)] - 8§ [InK(T) - InK(T-1)]

— &} [InL(T) = InL(T-1)] (38)

where
Ry =% [R¥(T) + R¥(T-1)] (39)
S¥ =2 [SKD + SKT-D)] (0
S¢=21sHD+ SUT-D)) (1)

Equation (38) implies that the average growth rate of TFP of
value added of time T and time T-1 can be measured as the
difference between successive logarithms of real value added less
a weighted average of the differences between the successive loga-
rithms of capital and labour inputs with weights given by average
value shares.

Based on Equation (38), the sectoral growth rate of TFP of real
total value added during 1961-1981 is tabulated in Table 3. From
Table 3, we conclude:

(1) With an annual growth rate of 12.8 per cent, electrical
machinery was the fastest growth sector in the TFP growth in
terms of real value added during 1961-1981. It was followed by
miscellaneous manufacturing (11.92 per cent), clothing and ap-
parels (9.09 per cent), chemicals (8.23 per cent), leather (8.12 per
cent), transportation equipment (7.66 per cent), textiles (6.88 per
cent), rubber (6.85 per cent) and services (5.10 per cent).
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(2) The laggards were the following: petroleum and coal (-9.77
per cent), utilities (-4.70 per cent), basic metal (-2.61 per cent),
furniture (-1.81 per cent) and mining (-0.98 per cent).

(3) After the 1973-0il-Shock, except for agriculture and the
food manufacturing sectors, the growth rates of TFI' of value
added dropped in all sectors when the Pre-Oil-Shock period and
the Post-Oil-Shock periods were compared. In contrast, the ten-
dency of the sectoral growth rates of TFP by total value was
inconclusive, since the sectoral growth rate of TFP of total output
decreased in 12 sectors, while it increased in 13 sectors.

In addition, the growth rates of sectoral TFP of value added
were generally greater than the growth rates of sectoral TFP of
total output in most of the sectors, with the exception of furniture
and such energy-intensive industries as petroleum and coal prod-
ucts, basic metal, rubber, utilities and transportation.

Sources of Growth in Real Output and Value Added

From the supply side, contributions to the growth of sectoral real
output and value added include the increase of capital, labour,
energy, and intermediate inputs and technical change, or change
of total factor productivity.

Sources of Growth in Real Output

Dividing all items in Equation (13) by the growth rate of real total
output (InQ(T) — InQ(T-1)), we can measure the relative factor
contribution ratios which attribute the contribution of total output
growth to the growth in factor inputs and total factor productiv-
ity.

The relative factor contribution ratios during 1961-1981 are
tabulated in Table 4. From Table 4, the following important con-
clusions can be drawn:

(1) The greatest relative contribution ratios of TFP can be
found in the following sectors: rubber (52.31 per cent), leather
(39.7 per cent), agriculture (37.8 per cent), services (33.5 per cent),
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miscellaneous Lmanufar:t?.mng (30.15 per cent), food (27.77 per Tabled The relative contribution ratio of inputs by industry,
cent) and electrical machinery (26.77 per cent). 1961-1981 (%)
(2) Compared with the Pre-Oil-Shock period, the relative con-
tribution ratios of TFP increased in most of the sectors (15 out of 25 Industry Capital fabbiie

cases) during the Post-Oil-Shock period.

(3) During 1961 to 1981, the intermediate inputs had the great- ol e SO s et

est relative contribution ratio (71.6 per cent) toward the real out- Agriculture 1808 1849 17.06 1831 -6.79  -46.56

put growth in the manufacturing sector as a whole. It was Mining 7960 10524 53.90 2678 7300 19.87

followed by TFP (11.9 per cent), capital input (6.98 per cent), Mamifsctting 6.98 557 1047 638 6.37 6.41

labour input (6.38 per cent) and energy input (3.10 per cent). Food 307 278 3T 187 239 059

(4) It is to be noted that the relative contribution ratio of Beverages 575 411 12.00 6.18 106 1462

fﬂPiTﬂl Sminates Tunt ot avout ot Dﬂl}" RLuE maﬂuf&cmrmg Textiles 397 155 5.65 5.51 716 010

sector as a whole but also in all of the non-manufacturing sectors S S ik i g s
except construction. g - " : ; : -

(5) Again, compared with the Pre-Oil-Shock period (1961- Leather 7.04 733 646 4.57 1.39 841

1973) the relative contribution ratios of capital and labour toward Wood 11.39 507 -26.39 1093 871 -2.38

real output growth rose, while energy and intermediate inputs Furniture 3366 22.62  50.18 1095 17.36 1.34

dropped in most of the sectors during the Post-Oil-Shock period Paper 10.74 849 1473 519 461 6.22

(1973-1981). Printing 604 410 1449 1346 916 3216

Chemicals .66 5.81 9.07 6.31 6.15 6,77

Rubber 6.59 547 10.77 B.62 620 17.70

Pet. and coal  21.15 2043 2592 2,60 223 505

MNon-metallic 8.59 8.81 8.25 1.3 1141 1126

Basic metal .77 386 1503 3.67 386 332

Metal prod. 6.37 6.03 T7.10 11.86 11.05 13.64

Machinery 10,04 831 1442 9.03 BO9 11.49

Elec. mach. 6.00 485 11.49 7.66 6,91 11.24

Trsp. eqpt. 1249 1259 1219 416 304 750

Misc. mfg. 6.97 396 1284 9.60 10.38 5.06

Utilities 3372 26,00 5483 2.94 2.42 4.36

Construction LRI 505 1452 1488 18.71 19.11

Trsp. comm. 34.83 3103 4274 19.001 2315 1039

Services 18.04 11.41 3256 1497 1376 17.61
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Tabled  (Continued) Tabled (Continved)
Industry Encrgy Intermediate inputs Industry Total factor productivity
1961-81 1961-73 1973-81  1961-81 1961-73 197381 1961-81 1961-73 1973-81
Agriculture 475 485 451 57.73  60.14  51.85 Agriculture 37.75 23.32 73.14
Mining 4295 6585 1983 9278 10060 84.89 Mining -88.64 -98.70 -78.49
Manufacturing 310 334 251 7162 7157 56.74 Manufacturing 11.92 7.15 23.87
Food 067 084 025 6662 8262 2683 Food nmn 11.37 68.56
Beverages 249 280 131 91.13 9315 83 Beverages -3.33 -4.02 -11.27
Textiles 192 174 264 63.44 7462  19.16 Textiles 25.16 12,93 72.45
Clothing 1.45 164 092 76.84 8851  44.51 Clothing 12.34 0.35 4557
Leather 194  2.58 1.16 4675 11582 .3632 Leather 39.70 -21.32 120.28
Wood 418 260 470 17438 5870 -516.75 Wood -100.88 24.84 650.23
Furniture L1207 1.20 3543 8918 -45.00 Furniture 18.84 -30.24 92.28
Paper 6,63 736 534 8579  79.55  96.83 Paper -8.35 0.00 2312
Printing 081 040 262 154.14 13978 21647 Printing -74.46 -53.44 -165.73
Chemicals 438 481 315 10299 63.50 21509 Chemicals -26.34 19.73 -134.00
Rubber 263 206 477 2985 5569 -67.08 Rubber 52.31 30,58 133.85
Pet. and coal 768 686 13.01 B5.26 81,79 108.10 Pet. and coal -16.69 -11.30 -52.08
Non-metallic  20.29 21.90 17.70 4897 3279  74.83 Non-metallic 10.80 25.09 -12.04
Basic metal 681 1304 475 5193 11L16 5625 Basic metal -10.18 -31.92 30.15
Metal prod. 499 420 674 7070 6459 84,06 Metal prod. 6.08 14.13 -11.54
Machinery 201 .53  3.27 7757 8435 5974 Machinery 1.39 2,29 11.07
Elee. mach, 1.03 1.02 1.06 5854 6276 3841 Elec, mach, 26,77 24.46 37.80
Trsp. eqpt. 209 248 095 6372 5796  80.81 Trsp. eqpt. 17.54 23.93 -1.45
Misc. mfg. .64 266 -037 51.65 5156 5183 Misc. mfg. 30.15 3143 27.63
Utilities 4704 5523 24.55 315 3368 2417 Utilities -14.85 -17.33 -191
Construction LO6 085 1.36 67.38 7900 5121 Construction 364 -3.71 13.80
Trsp. comm, 12.34 9,61 1802 1938 2350 1080 Trsp. comm. 14.44 12.71 18.05

Services 0.69 0.69 0.71 3279 2558 48.60 Services 33.51 48.35 0.52
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Sources of Growth in Real Value Added Growth

Similarly, dividing all items in Equation (38) with the growth rate
of real value added (InV(T) — InV(T-1)), we can measure the
relative factor contribution ratios which allocate the contribution
of real value added growth to the growth in factor inputs and TFP
of real value added.

Table 5 gives the estimated results of the relative factor con-
tribution ratio toward the growth of real value added during the
period of 1961 to 1981. From Table 5, the following conclusions
emerge:

(1) The greatest relative contribution ratio of TFP was found
in agriculture (10042 per cent), construction (67.96 per cent),
leather (61.64 per cent), clothing and apparels (60.97 per cent),
miscellaneous manufacturing (56.82 per cent), beverages (53.39
per cent), services (52.34 per cent), food (51.62 per cent), electrical
machinery (50.67 per cent) and chemicals (50.16 per cent).

(2) The laggards of the relative contribution ratio of TFP in-
cluded furniture and the following energy-intensive industries:
petroleum and coal products, utilities, mining and basic metal.

(3) In most of the sectors (16 out of 25 cases), capital led labour
in the relative contribution ratio during 1961 to 1951.

(4) Compared with the Pre-Oil-Shock period (1961-1973), the
relative contribution ratio of TFP (value added) declined in most
of the sectors (17 out of 25 cases) during the Post-Oil-Shock period
(1973-1981), while the relative contribution ratio of capital rose in
most of the sectors (18 out of 25 sectors). The trend of the relative
contribution ratio of labour (with increase in 13 sectors and de-
crease in 12 sectors) was inconclusive.

(5) In the manufacturing sector as a whole, the largest contri-
bution toward the growth of the real value added came from the
growth of TFP, 38.53 per cent. It was then followed by capital
(32.35 per cent) and labour (28.12 per cent),
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Table 5  The relative factor contribution ratio toward value added
growth, 1961-1981 (%)

Industry Capital input Labour input

1961-81 1961-73 1973-81  1961-81 1961-73 1973-81

Agriculture 32.82 35.66 2708 3324 -13.11 -73.93
Mining 251.89 151,97 -2668.33 -76.57 0 -106.99 96561
Manufacturing 3235 23.72 54.49 29.12 27.52 33.31
Food 302 4300 21.88 18.36 42.68 3.52
Beverages 2180 1588 36.85 24.81 16,75 4531
Textiles 2296  20.85 29.49 3l.14 42.32 -3.54
Clothing 7.39 9.00 420 314 3454 2593
Leather 2297 23.31 22.51 15.39 .84 311
Wood 46.46 1599  -56.34 41.81 27.4% -6.63
Furniture 90.70  61.68 13332 30.56 48.05 4.87
Paper 4570 3445 66.95 22.02 18.72 28.26
Printing 1791 14.49 26.95 40.35 24 61.35
Chemicals 25.83 18.34 60.50 24.02 19.63 44.31
Rubber 2570  21.20 45.40 33.30 2376 7496

Per. and coal  213.60 10785 -237.34 22.89 1162 -23.14
MNon-metallic 3178 2665 43.67 41.20 3440 5697
Basic metal 82.71 39.14 15406 3839 40.05 35.68
Metal prod. 21.89 17.11 37.68 41.78 334 7627
Machinery 3708 2928 55.47 3310 29.31 42.04
Elec. mach. 21.96 16.96 4529 21.37 23.69 4454
Trsp. egpt. 4470 4074 57.93 16.37 1002 37.61

Misc. mfg. 18.53 9.71 34.49 24.65 2647 2137
Utilities 14077 9997 22560 11.68 8.64 17.97
Construction 26.54 17.90 35.27 550 63.86 46,03
Trsp. comm. 5539 4856 72.26 31.88 31.77 17.35

Services 25.83 15.85 50.50 21.84 19.51 27.60
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Table 5 ({Continued)

Industry Tatal factor productivity
1961-81 1961-73 1973-81
Agriculure 100.42 77.45 146.85
Mining -75.32 55,02 373394
Manufacturing 38,53 48.76 11.%0
Food 51.62 14.32 74.60
Beverages 53.39 67.37 17.84
Textiles 4590 36.83 7405
Clothing 60.97 56.46 69.87
Leather 61.64 T285 46.38
Wood 11.73 56.53 163.17
Furniture -21.26 073 -38.19
Paper 32.29 46.83 4.79
Printing 41.74 33.10 11.70
Chemicals 50.16 62.03 -4.81
Rubber 41.00 55.04 -20.35
Pet. and coal -136.49 -19.47 36248
Non-metallic 27.02 38.95 064
Basic metal -21.10 20,81 -89.74
Metal prod. 36.33 51.55 -13.95
Machinery 29.83 41,42 2.48
Elec. mach, 50.67 59.35 10.17
Trsp. eqpL. 38.93 49.24 4.46
Misc. mig. 56.82 63.82 44,14
Unilities -52.45 -B.41 -143.57
Construction 67.96 18.24 18.70
Trsp. comm, 12.73 13.67 10.39
Services 52.34 64.65 21.90
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Sources of Growth in Total Factor Productivity

To analyse the sources of growth in TFP (total output), we rear-
range Equation (13) as follows:

Rr =S [In(Q(D/K(T) = In(Q(T-1)/K(T-1))]
+ 51 [In(Q(T)/L(T) - In(Q(T-1)/L(T-1))}
+ 55 [(IN(QT)/E(T) - In(Q(T-1)/E(T-1))]
+ S [In(QUT)/M(T) ~ In(QUT-1)/M(T-1))]. 2)

Equation (42) implies that the average growth rate of total
factor productivity of total output Rr is the weighted average of
the growth rate of capital productivity In(Q(T)/K(T)) = In(Q(T-
1)/K(T-1)), the growth rate of labour productivity In(Q(T)/L({T}))
= In(Q(T-1)/1(T-1)), the growth rate of energy productivity
In(Q(T)/E(T)) - In(Q(T-1)/E(T-1)) and intermediate input pro-
duetivity In(Q(T)/M(T)) - In(Q(T-1)/M(T-1)). Since S, S, 5¢ and
Sw, are non-negative, the greater the growth of the factor produc-
tivities, the greater will be the growth of total factor productivity.

During 1961 to 1981, the serial correlation between the growth
rates of various factor productivities and total factor productivity
in the 25 sectors is as follows: capital productivity, 0.49; labour
productivity, 0.57; energy productivity, 0.19; intermediate input
productivity, 0.66. Except for energy productivity, all of the serial
correlation coefficients between various factor productivities and
TFP are significantly different from 0 at a 0.05 significance level.
This implies that the increase of the intermediate input productiv-
ity was the number one contributor of the TFP growth in Taiwan's
average industry. It was followed by the growth in productivity of
labour and capital. In contrast, the growth of energy was the least
relevant factor toward the TFP growth in average industry.

It is worth noting that, if we decompose the whole period into
two subperiods, the serial correlation coefficient between the
growth of energy productivity and the growth of TFP, yer, in the
Pre-Oil-Shock period (1961-1973) is estimated to be 0.41, and its Z
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T . R Table 6  The growth of partial factor productivity by industry,
value is significantly differently from zero at 0.05 significant level. 19615-133'31 {%}p oy A RN
MNonetheless, the yer in the Post-Oil-Shock period (1973-1981) is
0.21 and is still insignificantly different from zero. Industry Capital productivity growth  Labour productivity growlh

1961-81 1961-73 1973-B1  1961-81 1961-73 1973-81

Growth of Partial Factor Productivity

Partial factor productivity is defined as the output/input ratio. Agriculture 067 102 0I5 486 462 520

The productivity growth of capital, labour, energy and intermedi- Mining -1890  -22.41  -13.64 3.31 4.65 1.31

ate inpuls by sector during 1961 to 1981 is presented in Table 6. Manufacturing 5.46 942 -D49 7.33 892 4,94

- A Food 5.30 218 0.97 9.74 10.98 7.89

Growth of Capiltal Productivity Beverages 421 747 067 598 969 043

Table 6 gives the capital productivity by sector during 1961 to Textiles 1.88 5.21 312 B.d47 879 7.86

1981. The following conclusions can be drawn: Clothing 1337 1557 1007 1208 1504  7.63

(1) The electrical machinery, with a 16.1 per cent an!m:ml ¥ i 455 422 5.05 981 1082 8,30

growth rate led all sectors in the growth of r:apftal productivity Wood {9 1600 liods a2 960  <AOR

during 1961 to 1981. It was then followed by clothing and apparels ) ] ] i 0 e 8.94
(13.4 per cent), miscellaneous manufacturing (11.9 per cent), Fohy = s i : : i

chemicals (10.8 per cent), metal product (7.6 per cent) and food Fapee AL &5 A0 Gl 36 Al

(5.3 per cent). All of the sectors mentioned above are in the manu- Printing 239 4% -3 3.82 128 -1

facturing sector. As to non-manufacturing sectors, the ranking of Chemicals 1082 1622 272 854 1192 447

the growth of capital productivity is as follows: services (2.9 per Rubber 464  B72 148 861 1420 023

cent), agriculture (0.7 per cent), construction (-0.3 per cent), trans- Pet. and coal  -10.14  -497 -17.91 684 10,76 0.95

portation and communications (-3.0 per cent), utilities (-5.6 per Nor-metallic  3.77 3.61 4.00 4,89 5.66 3.73

cent) and mining (-18.9 per cent). Basic metal  -1505  -231 -34.16 675 812 471

Metal prod. 761 10004 395 547 T.59 2.29

Machinery 435 B.6l -2.30 6.51 R.68 325

Elec. mach. 16,12 2589 1.47 12.88 20004 2.14

Trsp. eqpt. 1.28 4.41 -341 14,93 20.63 6.39

Misc, mfg. 1.7 1744 353 1402 1543 11,89

Utilitics -5.62 076 -15.19 6.41 9,08 2.40

Construction 134 3.06 -5.43 1,80 413 3,30

Trsp. comm. -3.01 -2.08 -4.40 4,30 291 6.39

Services 291 3.00 277 0.04 276 -4.04
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Table6 (Continued) The Growth of Labour Productivity
The estimated results of sectoral growth in labour productivity
Industry Energy productivity Intermediate productivity during 1961 to 1981 are shown in Table 6, which can be summa-
e s rized as follows:
1961-81 1961-73 197381 1961-81 1961-73 1973.81 (1) The labour productivity of transportation equipment man-

ufacturing grew at a pace of 14.9 per cent per annum in outpacing
the other sectors during 1961 to 1981. It was followed by miscella-
neous manufacturing (14.0 per cent), electrical machinery (12.9
per cent), clothing and apparels (12.1 per cent), leather (9.8 per

Agriculture -L90 634 274 (L83 -1.16 -0.33
Mining 3200 -4 -1.82 -4.62 -5.31 -3.59
Manufacturing 421 4,58 3.66 (.45 -2.28 211

o0 57 252 391 &0 038 G2 cent), food (9.7 per cent), chemicals (8.9 per cent), rubber (8.6 per

Beverages 1.05 0.38 2.06 -3l42 505 098 cent) and textiles (8.4 per cent).

Textiles 0.37 022 0.60 3.17 150 3.66 (2) After the 1973 Oil Shock, the growth rate of labour produc-

Clothing 532 380 759 -5.27 -1172 44l tivity fell in all of the sectors except agriculture, furniture and

Leather -11.94 1801  -282 428 785 2247 transportation. However, labour productivity continued to grow

Wood 715 -524  -1002  -1239 033 -31.46 in all except the service sector and wood products, printing man-

Furniture 548 -11.26 320 358 477 1610 ufacturing even after the 1973 Oil Shock.

Paper 210 117 349 323 238 4.5

Printing 096 384 -334  -1135 -1219 -10.08 The Growth of Energy Productivity

Chemicals 872 1051 603  -1202 238 2649 The growth of sectoral energy productivity is presented in Table 6,

Rubber -1.94 204 -1.78 10.31 511 1811 from which we conclude as follows:

Pet. and coal 135 676 677 -247 348 095 (1) The miscellaneous manufacturing industry, with a 20.8 per

Non-metallic 234  1.84  3.10 297 157 978 cent annual rate took the lead in the growth of energy productiv-

Basic metal 10,70 688 1642 302 -804 3.61 ity among all of the sectors. It was followed by the following

Metal prod. 0.95 0,38 1RO 179 094 .3.06 manufacturings: basic metal (10.7 per cent), chemicals (8.7 per

Machiziery 039 321 384 204 -571 0.98 cent), electrical machinery (7.5 per cent), transportation equip-

Elec. mach. 746 1078 247 314 155 551 ment (6.9 per cent), clothing and apparels (5.3 per cent). The

——— 6.93 738 6.26 1.30 208 .1.22 service sector whose energy productivity grew by 5.0 per :Fnt per

: annum outperformed other non-manufacturing sectors. It is wor-

Misc. mfg. 2081 1905 23.44 -15.50  -27.54 2.56 & i

o thy of note that the growth rates of energy productivity in other
RMGlatiey ol wiabgy sl e non-manufacturing sectors were all negative during 1961 to 1981,
Construction 039 190 -383 0.9 318 238 implying that energy productivity declined in all of the non-man-
Trsp. comm. -313 408 170 465 515 390 ufacturing sectors except the service sector. These sectors included
Services 500 764 105 4.11 492 290 construction (-0.4 per cent), public utilities (-2.0 per cent), trans-

portation and communications (-3.1 per cent), mining (-3.2 per
cent) and agriculture (-1.9 per cent).
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(2) We found that energy productivity not only increased but
also accelerated in the public utilities and the following manufac-
turing industries: food, beverages, textiles, clothing and apparels,
furniture, paper, non-metallic mineral products, basic metal and
miscellaneous manufacturing. However, the number of sectors
characterized by negative growth rate in energy productivity in-
creased from nine in the Pre-0il-Shock period (1961-1973) to 11 in
the Post-Oil-Shock period (1973-1981). We conclude that the im-
provement of energy productivity has not successfully taken
place in Taiwan’s average industries during 1973 to 1981. This
could be attributed to the cheap energy pricing policy adopted by
the government during the Post-Oil-Shock period of 1973 to 1981
and the implementation of the “Ten Big Projects” at the same time.

The Growth of Intermediate Input Productivity

The estimated growth rates of intermediate input productivity are
tabulated in Table 6. From Table 6, the following conclusions
emerge:

(1) The growth rate of intermediate input productivity was
negative in 16 out of 25 sectors from 1961 to 1981. The sectors with
positive growth rates of intermediate input productivity included
(in a descending order): rubber products (10.3 per cent), transpor-
tation and communications (4.65 per cent), leather (4.28 per cent),
services (4.1 per cent), furniture (3.6 per cent), textiles (3.2 per
cent), electrical machinery (3.1 per cent), food (2.1 per cent) and
transportation equipment (1.3 per cent).

(2) However, the number of industries characterized by posi-
tive growth rates of intermediate input productivity increased
from eight in the period during 1961-1973 to 14 in the period 1973
to 1981, implying that the intermediate input productivity signifi-
cantly improved in Taiwan's industry after the 1973 Oil Shock.
The major contributor to this change was the general price hike in
intermediate inputs and the material-saving technology de-
veloped after 1973.

(3) Compared with the Pre-Oil-Shock period (1961-1973), the
industries characterized by accelerating positive intermediate
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input productivity growth during the Post-Oil-Shock period
(1973-1981) included utilities, construction, and the following
manufacturing sectors: food, textiles, clothing and apparels,
leather, fumniture, rubber, basic metal, machinery, electrical ma-
chinery and miscellaneous manufacturing.

International Comparison among Taiwan, U.5. and Japan

We employ the results of the Jorgenson, Kuroda and Nishimizu
{1986) to conduct an international comparison among Taiwan,
U.S. and Japan during 1961-1981. The international comparison of
growth in output, inputs and total factor productivity is tabulated

in Table 7. From Table 7, the following important conclusions can

be drawn:

(1) Except for the mining sector, Taiwan had the greatest
growth rate among the three countries in industry real output
growth. This could be attributed to Taiwan’s higher growth rates
of inputs and total factor productivity in average industries than
that of the U.S. and Japan.

(2) Taiwan outpaced the US. and Japan in the growth of
labour input in 19 out of 22 industries. In the growth of intermedi-
ate inputs, Taiwan surpassed the other two countries in 20 sectors;
while, it occupied a leveling position in the growth of capital input
in 10 sectors, compared to 12 sectors of Japan and one sector of the
L5

{3) On the average, the relative contribution of all inputs to-
ward the growth of real output was greater than that of the total
factor productivity in Taiwan. For instance, the relative contribu-
tion rates of factor inputs and TFP toward the growth of real total
output were 88 per cent and 12 per cent respectively in Taiwan's
manufacturing sectors as a whole.

(4) As to the growth of TFP, the U.S. merely led Japan and
Taiwan in two sectors, namely, the agriculture and printing sec-
tors. Japan led in eight sectors, i.e., mining, utilities, transporta-
tion, and the following manufacturing sectors: wood, paper,
chemicals, basic metal and machinery. Taiwan took the lead in the
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following 12 sectors: food, textiles, leather, furniture, rubber, pe-
troleurn and coal, non-metallic product, electrical machinery,
transportation equipment, miscellaneous manufacturing, con-

Productivity, Efficiency and Reform in China’s Economy

struction and services.
Table7  Industry-level international comparison of growth in total
output, input and TFP, 1961-1981 (%)
Industry Total outpul growth Output TFP growth
Taiwan US.  Japan Taiwan U.S. Japan
Agriculture 315 221 1.31 119 .32 -0.78
Mining 215 2n 343 -1.90 302 217
Food 1216 258 5.80 338 005 -1.23
Textiles 1484 393 344 373 212 0.29
Leather 1284 053 7.30 510 <015 0.67
Waod 7.68 327 5.78 775 -0.51 1.88
Furniture 9.35 3.94 8.67 1.76 0.35 1.0
Paper 1095  3.30 7.61 -0.91 047 0.88
Printing 877 275 6.56 -6.53 098  -0.08
Chemicals 18.73 535  10.16 -3.81 0.91 249
Rubber 16.89 532 T.02 B34 0.36 0.59
Pet. and coal 12.42 363 1053 207 <300 <306
Non-metallic 11.70 283 0.30 1.26 0.22 1.20
Basic metal 14,22 248 9.07 -1.43 -0.44 0.90
Machinery 14.20 5.19 10.16 0.20 0.72 1.29
Elec. mach. 2712 5.75 13.28 7.26 1.99 328
Trsp. eqpt. 21.03 34 9.36 369 044 i
Misc, mig. 22.04 263 12M 664 025 289
Utilities 10,93 4.51 H.86 -1.61 011 091
Construction 12,49 1.48 8.09 046 074 139
Trsp. comm, 11.24 M 8.54 1.62 1.03 2.64
Services 930 358 846 312 0.93 0.33
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Table 7  (Continued)
Industry Capital input growth Labour input growth
Taiwan US. Japan Taiwan  U.S. Japan
Agriculture 247 331 5.54 -1 <293 <333
Mining 2105 39 3.58 -1.17 250 147
Food 686 306 10.61 242 0.00 3.67
Textiles 1296 281 5.28 642 003 -1.68
Leather 829 1.29 .13 02 -1.97 225
Wood 375 .01 ) | 4.46 1.14 0.10
Furniture 16.90 4.61 9.25 4,46 144 312
Paper 855 264 10.16 495 1.1 1.83
Printing 638  2.51 8.67 4.95 1.34 2,80
Chemicals 79 4.73 10.09 9.79 1.93 1.60
Rubber 12.25 6.09 13.02 8.20 366 1.43
Pet. and coal 2257 203 12.44 5.59 0.84 3.44
Mon-metallic 793 266 12.17 6.81 1.15 279
Basic metal 29.27 1.45 11.62 747 0.76 0.68
Machinery 995 476 13.16 7.69 3 273
Elec. mach. 11.00 5.76 1237 14.25 2.13 4.90
Trsp. egpt. 19.75 333 11.00 6.10 0.92 0,21
Misc. mfg. 10,17 280 1455 8.02 0.61 393
Utilities 16.55 541 10.88 4.53 1.73 221
Construction 1283 3n 13.46 B.70 270 6.70
Trsp. comm. 1424 579 7.18 6.93 1.48 3.28
Services 4.30 432 10.07 5.18 1.74 593
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Table 7  (Continued) (5) Compared the growth rate of TFP industry by industry
among the three countries, the laggards of the TFP growth in the
Industry Intermediate input growth U.S. were mining, transportation, leather, furniture, non-metallic
Taiwan USs. Japan mineral products, electrical machinery, transportation equipment
P, 398 o o and miscellaneous manufacturing. The laggards in Japan were
3 : g : agriculture, construction, services, food, textiles, rubber, and pe-
SRy 6 659 468 troleum and coal. In Taiwan, the industries included wood, paper,
Food 10.10 3.03 G printing, chemicals, basic metal, machinery and utility industries.
Textiles 11.67 2.44 3.18
Leather 8.56 0.37 1.22
Wood 20.06 576 477 V. Conclusion and Suggestions
Furniture 3.1 4.77 9.34
Paper 14.18 438 6.73 The objective of tl'fis chapter has beer_t to measure the growth of
Printing 20.12 197 8.57 industrial output, inputs and productivity change and to analyse
Chiiicals 30.75 524 $.08 the causes of growth in output and total factor productivity dur-
' ing 1961 to 1981. For this, a translog index, which is theoretically
S niad 48 Sl more general than the conventional Cobb-Douglas and CES fune-
ek and o) il i Mot tions, has been employed in the calculation. In addition, an inter-
Non-metallic 14.67 36l 8.66 national comparison among the United States, Japan and Taiwan
Basic metal 18.14 3.86 8.20 has been conducted. Finally, policy implications are drawn from
Machinery 17.24 5.59 9.70 the findings.
Elec, mach. 23.99 4.67 10.67 The main findings and implications are as follows:
Trsp. eqpt. 19.73 T 7.46 (1) Comparing the growth rates of the U.S., Japan and Taiwan,
Misc. mfg. 17.54 411 10.86 we found that Taiwan had the fastest growth rate in all of the 22
Utilities 12.92 5.16 932 industries except mining during 1961-1981. This could be at-
Construction 13.45 1.82 0.66 tributed to Taiwan's higher growth rates of inputs and total factor
Trsp. comm. 6.58 554 874 pmn_:iuctivity acmss_industries than that of the U.S. and Japan
Services 9.26 339 7.16 diring the same period.

(2) Compared with the Pre-Oil-Shock period (1961-1973), the
growth rates of capital and energy productivities dropped, while
the growth rates of labour and intermediate input productivities
increased in most of the sectors during the Post-Oil-Shock period
(1973-1981).

(3) On the average, the relative contribution of all inputs to-
ward the growth of real output was greater than that of the total
factor productivity in Taiwan. For instance, the relative contribu-
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tion rates of factor inputs and TFP toward the growth of real total
output were 88 per cent and 12 per cent respectively in Taiwan's
manufacturing sector as a whole during 1961 to 1981.

(4) The relative contribution ratios of capital and labour to-
ward output growth rose, while that of energy and intermediate
inputs declined in most of the sectors during the Post-Qil-Shock
period, compared with the Pre-Oil-Shock period.

(5) The growth rates of sectoral TFP of value added were
generally greater than the growth rate of sectoral TFP of total
output in most of the sectors during 1961 to 1981. For instance, in
the manufacturing sector as a whole, the TFP of value added
increased by 4.8 per cent per annum during 1961 to 1981, while the
TFP of total output grew with a 1.7 per cent clip per annum during
the same period. In addition, as compared with the Pre-Oil-Shock
period, the relative contribution ratio of TFP toward the output
growth increased in most sectors (15 out of 25 cases) during the
Post-0il-Shock period; while, the relative contribution ratio of
TFP toward the real value added growth declined in most sectors
(17 out of 25 cases) at the same time. Since, theoretically, to mea-
sure the TFP with total output is better than with value added, we
are convinced that the conventional way of measuring TFP with
value added might be misleading.

(6) Compared with the Pre-Oil-Shock period (1961-1973), the
growth rates of energy, labour and intermediate inputs generally
dropped during the Post-Oil-Shock period (1973-1981). Converse-
ly, the growth rate of capital speeded up in most of the sectors
during the same period.

(7) Consequently, capital led labour in the relative contribu-
tion ratio toward the growth of both the real total output and real
value added during 1961 to 1981 in 16 out of 25 industries. This
implies that, in addition to total factor productivity growth, the
marked capital growth was one of the key elements which led to
the fast economic growth of Taiwan.
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Notes

1. According to the Classified Index of Empirical Research on
Taiwan's Economy, published by the Chinese Economists As-
sociation in 1984, papers under items of “productivity” and
“technical changes” had exceeded 60.

2. Christensen, Jorgenson and Lau (1971) introduced the trans-

log function which is a much more generalized functional

form than the Cobb-Douglas and CES. It is a second order
approximation constant elasticity of substitution like the

Cobb-Douglas and CES.

See Gollop and Jorgenson (1980).

4. See Gollop and Jorgenson (1980). For proof, see Diewert
(1976).

5. See Berndt (1980) and Diewert (1976).

i
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Aggregate Productivity Trends
of Taiwan

Chin-sheun Ho

I. Introduction

The Republic of China in Taiwan has achieved a very high eco-
nomic growth rate over the past four decades. In the same period,
it has attained price stability, full employment, a surplus of gen-
eral government budget and trade, and a very equitable income
distribution. The per capita GNP in terms of US dollars increased
more than 45 times from US$196 in 1952 to US$8,815 in 1991. The
compound annual growth rates of both per capita GNP in US
dollars and the real GNP were 10.25 per cent and 8.71 per cent.
The amount of foreign exchange reserve of the Central Bank
reached US$82.405 billion at the end of 1991.

This chapter discusses the factors contributing to the growth
of aggregate productivity in Taiwan and the measurement of
productivity. In Section II, the one-factor and the two-factor pro-
duction functions are introduced; both are popular and useful in
empirical studies. In Section III, I will discuss the data collection
which is very important in my research. Here, I talk a little bit
about the sources of data and methods of data compilation in my
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model. It is easy to get the complete data of national income
statistics of Taiwan because the national accounting system has
been well established during the last 40 years.

In Section IV, because the empirical results of Taiwan are not
all appropriate for the different production function models, the
necessary evaluation will help us to explain the productivity per-
formance of Taiwan in the past 40 years. Some policy implications
will be presented.

Meanwhile, I will discuss the important factors that improve
productivity growth and the unfavourable ones that cause pro-
ductivity to decline. These unfavourable factors are obstacles that
we must overcome in the future. Section V gives some concluding
remarks.

I1. The Production Function Model
The one-factor aggregate production function is defined as:

Y, = F(X), (2.1)

where tis year, X; and Y, are the “efficiency-equivalent quantities”
of output and input respectively of a given time period, t. The
productivity of a factor is the ratio of output divided by its input:

APy =Yi/ X (2.2)

Actually, we cannot find the “efficiency-equivalent” quanti-
ties. Fortunately, in national income statistics, it is convenient for
us to deflate the current values of different years into “constant
price values” or “constant values.” These data may be in place of
the “efficiency-equivalent” quantity.

The input/output ratio is a technical coefficient which is ex-
actly equal to the inverse of average productivity:
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Xip = X/ X
=1/AP, (2.3)

where X, corresponds to Y, and X; to X..

The input/output coefficient is assumed to be fixed at a given
time. Any changes of relative factor price are not considered in the
situation of resource allocation.

MNext, I define the two-factor production function model as:

Y, = f(Xaw Xa) (2.4)

where X;, X» and Y, are the “efficiency-equivalent quantities” of
inputs and output respectively. | continue to use the constant
price value instead of the "efficient-equivalent quantities.” In this
model, the average productivity of both factors has the same form
as the one-factor model:

AP =Y,/ Xu... for the factor of Xy
th| = Y“'Fx.]g ass fﬂl‘ th.f fﬂﬂﬂr Dfxm* [2::5}

The total factor productivity is defined as:

TFP, = Y/ TX,
=Y/ (PuXn + PaXa) (2.6)

where
Py is the factor price of X,
P2 is the factor price of Xa.

The growth of total factor productivity is defined as:
TFP =Y\ = SuXar' — SaXar' (2.7)
where TFP,", Y\", Xi, Xz are growth rates of TFP, Y, X Xu re-

spectively; Sy, and Sy are factor shares of X;, and Xz All these data
could be changed into the Tornqvist index for empirical research.
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The two-factor model could be represented by unrestricted
and restricted Cobb-Douglas production functions:

LIN(Yy) = A + oLN(Xy) + BLN(Xx) + 8¢, (2.8)

o+f=1... constant returns to scale
o + P > 1 ...... increasing constant returns to scale
o + B <1 ...... decreasing constant returns to scale

d is the rate of technological progress.

In the case of constant returns to scale, f = 1 — o is the factor
share of Xz, and o is the factor share of X, respectively.
The average productivity of each factor is defined as:

ﬁPXH = Y]I:.u'fxlt

= A(Xa/X1)" exp(8y) ... for the factor Xu (2.9)
APXz =Y/ Xy

= A(Xu/Xz)" exp(By) ... for the factor Xa. (2.10)

The growth of total factor productivity is defined as:

TFP, =Y, = SuXe —SaXal
=Y, —oXy = (1- o)Xar'. (2.11)

Another form of the two-factor production model is the tran-
scendental logarithmic (translog) functional form. It was intro-
duced by Christensen, Jorgenson and Lau (1973). The translog
production function with capital (K) and labour (L) as inputs,
assumes the following form:

LN(Ye,) = LN(Y,) + oyLN(Ley) + BLN(Key)
+ ou(LN(Le)l /2 + Pra LN(Ked))' /2
+ Pu(LN(Le))(LN{Key)). (2.12)
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All the "efficiency-equivalent” output and input can be ex-
pressed in terms of time and measured quantities of output and
inputs:

Ye, = A, explcat)Y: (2.13)
Le: = Ay exp(at)Ls (2.14)
Ke = Ay exp(at)K; (2.15)

where A, Aj, Ay, o, and ¢, are constants. A, A, A, are argumen-
tation level parameters and ¢, ¢ and ¢, are argumentation rate
parameters. By substituting Equations (2.13), (2.14) and (2.15) into
(2.12), we obtain the following translog function:

LMN{Y:) = LN(Y,) — LN{AL) + coLIN{A)) + BLN(AL)
+ Pu(LN(AL) /2 + c(LN(A))) /2
+ Bu(LN(A))(LN(A))
+ (Br + Pu(LIN(AL))) + Pr(LN{ADNLN(KL))
+ (o0 + ou(LN(A))) + Bu(LN(AQNLN(L))
+ Pre( LN(K))Y /2 + ou(LN(L)Y /2
+ Br(LN(A)NLN(LL))
+ (-co + oucy + Prcy + Pra(LN(AL) e + PulLN(A) ek
+ o LN(AD e + Bra((LN(Aw))en)t
+ (Bt + Bue)(LN(K)) + (Buck + cuc) (LN(L)t
+ (Brslcy) + 2Puckar + ou(c))’t /2. (2.16)

It can be simplified as:

LIMN(Y:) = LN(Y.) + LN{AL)
+ oy LN(Ly) + Pu(LN(K)
+ B LN(K)) /2 + ou(LN(LJ))* /2
+ Pra(LN(L))LN(K))
+ cot + (Prack + Puc)LN(Et
+ (Buck + oue)LN(L)t
+ (Bucia + 2Pucicy + otuca)t’ /2. (2.17)
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We can test if Taiwan's different sectors are identical in oy and

P
In addition to the aggregate production function of Taiwan,
we also build the cost share of labour and capital as follows:

= ot + PuLN(K) + cpLN(Ly) + ot (2.18)
_nk

TPQ
= P + PuLN(Ly) + P LN(KL) + Puat (2.19)

Sit

where w, and , are factor price of labour and capital in Taiwan, P:
is the price deflator and Q: is the real output, respectively.

o+ Pe=1 (2.20)
ot + P =0 (2.21)
Bua = Pu (222)
ot + Oy = P + fii = 0. (2.23)

Under the assumption of profit maximization, the estimated
parameters in Equations (2.20-2.23) are identical to the corre-
sponding ones in Equation (2.17). These two equations constitute
the estimating equations for this study.

III. The Data

In Taiwan, the National Income Statistics in Taiwan Area and Labour
Force Survey Statistics in Taiwan Area both cover the data period
from 1951 to 1991, and the National Wealth Survey in Taiwan, first
published in 1989, gives us very complete and detailed data for
empirical study.
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Before the detailed data are discussed, I first give a brief
summary of the average annual growth rate of real GDP, capital
and labour in Table 1.

Table 1  Average annual growth rate of real GDP, real fixed capital
stock, investment and employment of labour in Taiwan

1952-60 1961-70 1971-80 1981-89 1952-89

Real GDP 7.56 5.66 9.83 B.64 9.00
Real fixed
Capital stock 0.27 0.98 3.58 4.88 2.48
Capital formation 14.68 17.52 14.76 5.40 EX1|
Labour employment 215 2,81 3.66 2.62 2.85

The data of Taiwan comprise:

1. Real output

The aggregate output of Taiwan's economy is measured by real
gross domestic product (GDP) at the 1986 constant prices in Na-
tional Income Statistics in Taiwan Area, published by the Directorate
General of Budget, Accounting and Statistics, Executive Yuan,
ROC, in 1991,

2. Labour employment

The total labour employment data are taken from the Labour Force
Survey Statistics in Taiwan Area, published by the Directorate Gen-
eral of Budget, Accounting and Statistics, Executive Yuan, ROC, in
1982 and 1992.

3. Fixed capital stock

The fixed capital stock in 1988 is from the General Report of Wealth
Survey in Taiwan Area, published by the Directorate General of
Budget, Accounting and Statistics, Executive Yuan, ROC, in 1989,
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The fixed capital stock of 1952-1989 is estimated by adding or
subtracting the real net fixed capital formation (investment) from
the fixed capital stock of 1988.

Real net fixed capital formation is obtained from the gross
domestic fixed capital formation and depreciation, taken from the
National Income Statistics in Taiwan Area,

Ki=Ku+L-D (3.1)

where
Ke fixed capital stock of time t, 1986 prices
K:x fixed capital stock of time t-1, 1986 prices
I,- Dy the real net fixed capital formation (investment).

4. Factor income shares

Both labour and capital income shares are taken from the National
Income Statistics in Taiwan Area.

The aggregate output, labour input, capital input and factor
income shares may be found in the Appendix.

IV. The Empirical Results

Before using the time series data prepared in the Appendix, I list
the different assumptions of the production models:

1. One-factor production function model
The following production functions are estimated:

{a) GDPt=o+ PNE:

(a’) GDP = o + BNE; + STIME

(b) GDPi=o+ PKy

(b) GDPy= o+ pK; + §TIME

(c) LN(GDPy) = o+ BLN(NE)

(¢) LN(GDPt) = o + BLN(NE) + 6TIME
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(d) LN(GDPy) = o + BLN(Ky)
(d’) LN(GDPy) = ot + BLN(Ky) + STIME.

The corresponding formulae for average productivity (ie.,
Total Factor Productivity) in this case are as follows:

{a) APy = GDPt/NE; = o/ NE; + p

(@) APi=GDPt/NE; = o/NE + B+ 6TIME/NE;

(b) APt=GDPi/Ki=o/K +f

(b") AP¢=GDP/Ky = o/Ky + P + STIME/Kq

(c) AP;=GDPi/NE; = EXP(o + LN(NE)( - 1))

(c') APt=GDPy/NE;= EXP(ct + LN(NE)(B - 1) + STIME)
(d) APy=GDP{/K; = EXP(ax + LN(K)(B - 1))

(d') APt=GDP/Kj = EXP{o + LN(Ki)(B — 1) + STIME).

Models (a), (b), (c) and (d) assume no technical progress.
Models (a"), (b’), (¢’) and (d’) postulate that the rate of technical
progress is d.

The empirical results of the one-factor production function of
Taiwan are reported in Table 2.
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Table 2  Estimated parameters of the aggregate production. function,
one-factor model

Model r? Constant Labour  Capital  Time

{a) 0.94 -17820, 582829 - =
(-14.5) (25.3)

(a') 0.96 -25701. 98.1039 - -627.90
(-11.7) (9.8) (=41}

(b} 0.9%8 -20524, - 0.6050 -
{-31.4) (51.8)

(k') 099 -18420. - 0.5001 178.23
(-32.6) (26.0) {6.3)

(c) 0.99 -R.588 2.8417 - -
{-51.5) (71.8)

(c") 0.99 -1.5379 0.8886 - 0.06

(-2.6) (5.3) {12.00)

(@) 0.86 -9.7702 - 3.1540 -
(-11.6) (15.5)

(d") 0.99 1.5506 - 0.0117 0.08

(5.3 0.1y  (42.8)

2. Two-factor production function model
Production functions with the following forms are estimated:

(a)
(@)
(b)
(')
(c)
()

GDP: = ot + PiNEt + P2k

GDP; = o + JiNE; +szt + &TIME

LN(GDPy) = ot + BILN(NE;) + P2LIN(Kx)
LN(GDPy) = @ + B1LN(NE) + f2LN(Ky) + 8TIME
GDPt/NE; = o + B(Kt/NE)

GDPt/NEt = o + B(Ki/NE) + STIME
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(d) LN(GDPy/NE) = o + BLN(Ki/NEy)
(d') LN(GDP{/NE) = o + BLN(Ki/NEy) + STIME.

The formulae for average productivity are:

() APy=GDPi/NE
= o/ NE: + P1 + Pa(Ki/NEy)
(a’) AP¢=GDP/NE;
= o/ NEy + P1 + P2(Ki/NEy) + STIME/NE;
{(b) APt=GDPi/NE
= EXP(ot + PILN(NEy) + Pa(Ki/NE)
(b") APt= GDP/NEy
= EXP(ot + fiLN(NE) + Pa(Ki/NEy) + STIME)
() AP¢=GDP/NE
= ot + fi(NEt/Ky)
(¢) APi=GDP/NE
= ot + P1(NEy/Ky) + 8TIME
(d) AP:=GDP/NE
= EXP(o + P1LN(Ki/NEy))
(d'} APi=GDPy/NE;
= EXP(ct + PILN(K¢/NEy) + STIME).

Total factor productivity is defined as:
TFP, = GDP, /TX, (4.1)

where
TX;: Total input, total cost.

Because the quantity of labour and capital cannot be added
together, the total input must be measured in money value, all the
factor prices are values of marginal product computed by using
the estimates of the production function, i.e.,

TX, = wxINE, + rixK, (4.2)
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where

Wi the factor price of labour

I the factor price of capital.

The growth of total factor productivity is defined as:

TFP* = GDP* — (SI*NE* + Skt*xK*)
GDP* = 100*(GDF,/ GDP. — 1)
¢ = 100%(NE,/NE.; — 1)
K¢t = 100K, /Ks — 1) (4.3)

where
TFP*: the growth of total factor productivity
GDP*: the growth of real GDP:
NE®* the growth of labour input
K*:  the growth of capital input
Sl:  the labour income share
Ske  the capital income share.

Models (a), (b), (c) and (d) assume no technical progress. Models
(a”), (b"), (¢’) and (d’) assume that the rate of technical progress is
8.
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Table3 Estimated parameters of the aggregate production function,

two-factor model
Model R? Constant Labour Capital Capitallabour  Time
(a) 0.99 -20370, 16,4033 04462 - -
(-43.2) (5.9) {15.9)
{a") 0.99 -188RS. 42873 (04838 - 135432
{-18.0) (0.5) (13.4) (1.5)
k) 0.99 SB000 31367 03714 - -
(-43.3) (28.6) (-2.8)
{b’) 1.00 -1.780 1.1562  -0.1934 - 0.0564
(-3.4) (6.7 (-3.2) (12.5)
(<) 0.9] 62.051 - - -0,3988 -
(4.3) {-3.00
(c') 0,98 -32.611 - - 0.2666 1.1949
{-12.3) (12.3) (48.6)
(d} 0.9 18.878 - - 1.4493 -
(5.9) (5.1)
(d") 0.99 2.608 - - A.1959 0.0053
(8.9) (-3.2) (86.8)
3. Two-factor translog production function model
The function form is:
LN(GDP,) = o + §TIME + BILN(L) + BLN(K)
+(1/2) 8, TIME® + PyLN(L)TIME
+ BuLN(K)TIME + (1/2){Bu (LN(L))*
+ PulN(LILN(K:) + PulN(LJLN(K)
+ BulLN(K))'} + U.. (4.4)
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Factor income share for labour is:

Se= fi+ BeTIME + BuLN(L) + PuLN(K:) + U (4.5)
and the share for capital is:
Su= P+ PuTIME + PulN(L) + PulN(K) + U (4.6)

The following restrictions are imposed on the parameters:

B+ Pe=1 4.7)
B+ Pue=0 (4.8)
Bu+ Pu=0 (4.9)
Prc + Pu=0 (4.10)
B = Pu (4.11)

where U,, Uy and Uy, are disturbances, statistical discrepancies.

By the assumption of the joint normality of the stochastic
disturbance terms, we can estimate the two-equation system, con-
sisting of the production function and the factor-share equation.
In this chapter, we use the seemingly unrelated regression equa-
tion (SURE) method of estimation.
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Tabled4 Two-factor translog production function

Parameter  Ordinal least square regression  Seemingly unrelated regression

Coefficient t-ratio Coefficient t-ratio
o -2.16732 -14.1 -2, 14596 -139.5
B 1.02046 24 042882 68.6
P -0.02046 24 0.57118 GR.6
By 0.07897 54 007878 444
Bu 6.80912 39 0.04708 1.8
P 680912 39 0.04708 1.8
Bt -0.0009% -1.7 -(.00095 -11.0
i1 -6.80919 -39 -0.04708 -1.8
B -0.01550 -1.8 0.00578 214
Bia 0.01550 1.8 -0.00578 -21.4
Dw - 0.352
System R 0,999 0.995
Share function
B 0.42811 684 0.42882 68.6
Bt 0.00580 214 0.00578 214
Bu 0.04219 1.6 0.04708 1.8
B -0.04219 -1.6 -0.04708 1.8
Dw - 1.003
Test of Hypotheses

In the simultaneous equation models of Taiwan, each time the
series variable has 39 observations, five constrained parameters in
the production function, and two constrained parameters in the
factor share function. The degree of freedom is equal to 34 (df=39-
5) in the factor share function. The probability of rejecting the null
hypotheses (zero value) is as following:



426 Productivity, Efficiency and Reform in China's Economy

Table 5 The t distribution

Degrees of Probability of rejecting null hypotheses
freedom
.25 010 0.05 0,025 0.010 0.005
an (.683 1.310 1.697 2042 2457 2.750
t-ratio |
40 0.681 1.303 1.684 2021 2423 2704

Mote:  Two-tailed test,

From the critical values, we find that, under the probability of
2.50 per cent, only the parameters of Py, Prx and P cannot be
rejected (accept the null hypotheses). And all the other parameters
are rejected (reject the null hypotheses, accept the non-zero
hypotheses).

Technical progress

The technical progress grew very rapidly in Taiwan before
1980, but it began to slow down afterwards. The computed
growth rate in 1952-1960 was 7.30 per cent, which was very high;
in 1981 to 1989, the growth rate in Taiwan decreased to 4.65 per
cent.

Table 6  Technical progress and total factor productivity of Taiwan
computed from translog production function

Period Technical progress Total factor productivity progress
1952-60 7.30 7.65
1961-70 6.50 6.87
1971-80 5.63 6.05
1981-89 4.65 4,99
1952-89 6.02 6,36
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Total factor productivity progress was also higher in Taiwan
before 1980, but these growth rates slowed down steadily after
1952, For the period 1952-1960, average total factor productivity
grew at a rate of 7.65 per cent; between 1981 and 1989, the growth
rate was only 4.99 per cent.

Average labour and capital productivity progress

In the period of 1952 to 1989, the average labour productivity
growth rate in Taiwan was 5.91 per cent. Comparing growth rates
in different periods, we find that the growth rate was slowing
down over time.

Table 7  Average labour and capital productivity progress of Taiwan,
from translog production function

Period Labour Capital
1952-60 6,49 B.48
1961-70 5.84 7.74
1971-80 5.80 588
1981-89 5.68 142
1952-89 591 6.35

During the 1952-1989 period, the average growth rate of the
labour and capital productivity in Taiwan were 5.91 per cent and
6.35 per cent respectively. These growth rates both showed a
decreasing trend in the four successive periods.

Sources of computed real GDP growth in Taiwan (Table 8)

First, from the translog production function we compute the con-
tribution from labour, capital, total factor productivity and techni-
cal progress to the growth of GDP in Taiwan. During the period
1952 to 1989, the average growth rate of real GDP, labour, capital,
total factor productivity, technical progress and unexplained re-
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sidual are 8.95, 1.57, 1.01, 6.36, 5.98 and 0.34 per cent respectively.
We find that the total factor productivity progress was explained
entirely by technological progress.

Next, the relative contributions of labour employment, capi-
tal, total factor productivity, technical progress and the residual
are 16.94 per cent, 11.27 per cent, 71.06 per cent, 67.26 percent and
3.80 per cent respectively. The most important source of growth is
attributable to either total factor productivity or technical prog-
ress.
Finally, in these four periods, we find that the importance of
total factor productivity is decreasing, while the relative import-
ance of capital is increasing.

Table 8  Relative contributions of the sources of growth computed
from translog production function

Period Growth rate of

GDP  Employment Capital TFP Technical Residual

1952-60 B8 097 0.14 7.65 7.30 0.35
1961-700  B.80 1.46 0.47 6.87 6.50 0.37
1971-80  9.65 2.10 1.50 6.05 5.63 0.42
1981-89  B.45 1.64 1.83 4.98 4.65 (.33
1952-80 895 1.57 1.01 6.36 6.02 0.34
Period Relative contribution of

GDP  Employment Capital TFP Technical Residual

1952-60 100 11.03 .71 8712 8314 3.98
1961-70 100 15.95 516 T78.06 73.86 4.20
1971-80 100 20.89 1586  62.69 58.34 435
1981-39 100 18.91 2147 5893 55.03 3.90
1952-80 100 16.94 11.27  71.06 67.26 3.80
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V. Concluding Remarks

In this chapter, two models of production are analysed. In the
one-factor model, aggregate productivity is determined by only
one-factor input. The production functions are divided into a
linear function and a log-linear function. From the estimated re-
sults, we find that both models have high values for R* (coefficient
of determination); the parameters are significant in terms of the
t-ratio test.

When technical progress is introduced, all the one-factor
models improve in terms of R". With the exception of the log-lin-
ear form, the coefficients of labour, capital and technical are very
significant.

In the case of the two-factor model, R* improves. The excep-
tion is the log-linear form. In some cases, the coefficients of capital
or labour are negative. The fact that the technical progress in each
two-factor model shows a positive sign and is statistically signifi-
cant proves that the source of aggregate productivity growth is
attributable to the technical progress.

The two-factor translog production function model of Taiwan
involves very complicated estimation. We make use of ordinary
least square regression as well as seemingly unrelated regression
applied to the simultaneous equation system of translog produc-
tion function and the factor share function. We find that the result
derived from the seemingly unrelated method is more reasonable
than the ordinary least square method.

The growth rates of computed aggregate productivity, per-ca-
pita labour and capital productivity, total factor productivity and
technical progress are higher initially but slow down over time.
These results suggest that it will be more difficult to continue its
past good performance as Taiwan's economy become more devel-
oped.

*  The author is grakeful to Professor Yu Tzong-shian, Dr. Hsueh
Tien-tung and Dr. Duan Wei, Director of the Bureau of Statistics,
for their invaluable assistance and also to Mr. Liu Tien-syh, Section
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Chief of Productivity Statistics of DGBAS and Mr. Mau Kuen-ling,
Research Fellow of DGBAS, for their necessary data, computation
and model estimation. Responsibility for errors is solely the author’s.
The “Aggregate Productivity Trends of Taiwan" is revised from the
original paper “Comparison of Aggregate Productivity Trends be-
tween Taiwan and the Chinese Mainland,” I am very grateful to Dr.
Hsueh for the suggestion.
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Appenﬂ ix Table A.1 {Continued)
1978 159217 6228 5742713 27 5953 4047
Table A.1 The aggregate real output (GDP), employment (NE), 1979 172231 6424 598419 28 60,69 39.3)
fixed capital stock (K), income share of capital (Sk) 1980 184806 6547 627156 29 60.90  39.10
and labour (SI), Taiwan area, Republic of China 1981 196195 6672 662138 30 62.59 3741
1982 203162 6811 696587 31 63.60 3640
a8 GOP s i MWE S| ok 1983 220323 7067 7151 32 6273 37.27
1952 16209 2929  39179.0 1 4294 5706 1984 234308 7308 758579 33 63.03 3697
1953 17722 2964 392533 2 4078 592 1985 247379 7428 787612 34 6337  36.63
1954 19412 3026 393557 3 4654 5346 1986 285518 7731 811155 35 61.06  38.94
1955 20986 3108 394702 4 4626 5374 1987 322299 8020 878364 36 60.54 3946
1956 22141 3149 395569 5 4747 5253 1988 34969.5 8105 911956 37 6229 3771
1957 23771 3229 396627 6 4663 5337 1989 387855 8262 961797 38 63.74  36.26
1958 25366 3340 397582 7 4718 5282 1990 422200 8283 1015530 39 65.76  34.24
1959 27306 422 398848 8 4610 5390
1960 20(2 9 347.3 40046.7 g 46,57 53.43 Motes:  GDP and K (at 1986 constant prices, 100 million NTS);
1961 31026 3505 402398 10 4542 5458 kit ;T‘:"r:m“';’;ﬁ?wh
1962 33478 3541 404472 11 4852 5148
1963 36609 3592 406542 12 4783 5217
1964 41076 3658 409041 13 4814 51.86
1965 45649 3763 411562 14 49.16 50,84
1966 4978 3856 415048 15 5054  49.47
1967 55043 4050 419744 16 5132 48.68
1968 6009.1 4225 425738 17 5295  47.05
1969 65468 4390 433162 18 5374 46.26
1970 72013 4576 441332 19 5397  46.03
1971 $231.5 4738 450472 20 5504  44.06
1972 93277 4948 461913 21 5500 4500
1973 105247 5327 475176 22 5349  46.5)
1974 10647.0 5486 490268 23 5639  43.61
1975 111717 5521 508613 24 5900 4099
1976 127202 5669 531101 25 5832 41.68
1977 140163 5980 552735 26 5891  41.09
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