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Abstract

Congdered as the key to the success of economic reform in China, the restructuring of
Chinese state-owned enterprises (SOES) has encountered many difficulties and
setbacks. There are two competing approaches to enterprise reform.  The market
competition gpproach assumes thet if the market for products, factors of production,
and corporate control are created and function well, competitive force will compel
SOEsto improve ther efficiency. The ownership approach argues thet private
ownership is necessary for enterprise efficiency because it matches resdud interests
more closdly with contral rights. Exploring anew, firmleve data set, this paper
presents some preliminary findings about the effect of ownership and market
competition on the efficiency of Chineseindudtrid firms. Empirical resultsreved a
strong ownership impact on the level of enterprise efficiency, with foreign-owned
enterprises exhibiting the highest, and SOEs exhibiting the lowest, efficiency scores.
While competition in export markets is postively associated with enterprise
efficiency, no such assodiation is found between competition in domestic markets and
productive efficiency. However, a change andysis shows that SOEs have a grester
efficiency growth rate, driven more by improvement in technica efficiency rather
than technologica progress, than callectively-owned and Hong Kong, Macao and
Taiwanowned enterprises.

Key words. Chinese enterprises, Data envelopment andysis(DEA), Efficiency,
Ownership, Competition



The Impact of Owner ship and Competition
on the Productivity of Chinese Enterprises

1. Introduction

As Chinamoves from a centrdly planned to a more open and mixed economy, many
sectors have witnessed, for the last two decades, ether policy liberdization or a shift of
decision-making power from centrd to loca government. By 1993 Chinds economy
had become essentiadly amarket economy in the sense that some two-thirds or more of
nationa output was produced by profit-seeking economic units. However, dthough

rurd reforms turned out to be very successful, the indudtria reform proved to be much
moredifficult. Industry isthe largest sector of the Chinese economy, accounting for 50
percent of total output and 80 percent of exports, and employing more than 100 million
workersin 1992. The core of the indudtrid reform was to transform thousands of large-
and medium-size SOEs into profit-seeking economic units cgpable of operating under a
market economy. An officid dogan a the launch of the campaign in 1980s d was thet
"the god of SOE reform is to make the enterprise independent, autonomous and
respongble for profitsand losses." As such, the SOE reform has been characterized
largely as an evolutionary process of re-assgning decison rights and residud cdlams
from the state to the ingde members of the enterprise (i.e., managers and workers). The
argument for delegating decison rights to the management was based on the
asumption that manageriad decisons are more efficiently made at the firm level than at
the centrd planner’ s level owing to informeation/communication problems.

An evauation of the progress of Chind sindudtrid reform naturaly focuses on the
performance of SOES. The dominant view among Chinese economidsis thet the SOE
reform has not been very successful, at least in terms of profitability measures (Zhang,
1996). The number of lossmaking SOES has been rigng, leading to an increese in the
total amount of losses. 1n 1993, for instance, the totd 1osses by SOEswere 45.3 billion
yuan (RMB), about 14 timesthelossesin 1985. Due to the wide scope and huge
amount of lossesin the state sector, the government's subsidy to SOEs dso swelled,
teking a 37 percent jump from 1986 to 1992. Furthermore, SOES contribution to
government's revenue has been declining. Theratio of profit plus tax over sdes
revenue for the SOEs dropped from 26 percent in 1980 to 12 percent in 1992 (Lin,
1996). Studies by economigts outdde of China, on the other hand, are mainly centered
on the effects of reform on totd factor productivity (TFP) growth in SOEs. The results
have been mixed. Woo et d (1994), for example, found that TFP growth in SOEs was
zero a best in the 1984-1988 period. Thisisin contrast to severd other sudies (Chen
et al, 1988; Jfferson et d., 1992, World Bank, 1992), that reported sgnificant
improvementsin SOES productivity. Their estimates of annud TFP growth in the
1980s ranged from 2 to 4 percent, compared with dmost zero percent growth prior to
the reform.

From the socid perspective, the increase in the SOES THP indicates the success of the
SOE reform.  But the government, as the owner of the SOES, does not seem to directly
benefit from the reform in terms of profit. The productivity improvement and the
decline of profit rate may be reconciled, however. As the SOE reform is a process of
delegating decison rights and residud claims from the Sate to the members of the
enterprise, it improves the incentive of managers and workers to increase efficiency and
pursue profits. However, on the other hand, managerid discretion brought by the



delegation may be abused such that managers become actua residud claimants,
athough the dateisthe legd resdud clamant of the enterprise (Zhang, 1996). More
specificdly, SOEs are owned by the state but operated by the managers and workers.
Due to information asymmetry and high monitoring cost, managers might reduce the
profits submitted to the state by overstaing costs and/or under-reporting revenues.
Although they cannot easily pocket the profits, managers have many opportunitiesto
gpend enterprisg's money for non-productive purposes. For example, the average
annud output growth rate was 7.6 percent during the period of 1978-1996, the SOE
wage fund increased by 16 percent per year (Lin, 1998). Asaresult, we seean
improvement in SOES efficiency on the one hand but a dedline in profits reported in
officid gatigtics on the other.

The above discussons suggest two approaches to degpen Chinds SOE reform. Firg,
given the current tructure of public ownership, if the markets for products, factors of
production and corporate control are creeted and function well, competitive forces
will compd SOEsto improve their efficiency for surviva. An enterprisg's profit level
will be asufficient information indicator of management performancein afair and
competitive market. Second, amore fundamenta gpproach cals for the privatization
of SOEs. The ownership approach argues that change in property rights is necessary
for matching residud interests more closdly with control rights. Private ownership
will improve enterprise efficiency by providing a better incentive and reward system.
In abroad sense, the two gpproaches are not mutudly exclusive. In effect, the Chinese
indugtrid reform has moved aong both lines since 1990s. In this paper, we use anew,
firm-leve data st to address the issue of how ownership and market competition
impact on the efficiency of Chineseindudtrid firms.

Our sample congsts of apand of some 2,000 firmsin 26 indudtries for the period of
1996-1998. We gpply data enveopment andyss (DEA) to compute the leve of firm
eficiency by industry. We then run regressons to examine the effects of ownership
and market comptition on the leve and changein firms' productive efficiency.
Empirica results reved a strong ownership impact on enterprise efficiency leve, with
foreign-owned enterprises exhibiting the highest, and SOEsexhibiting the lowes,
efficiency scores. While competition in export markets is positively associated with
enterprise efficiency, no such asociation is found between competition in domestic
markets and productive efficiency. The ownership effect on efficiency leve is robust
to market competition and industry factors. We aso use Marmauist index to measure
the change in firm efficiency, which can be decomposed into technologica progress
and technical efficiency. Results show that the efficiency of SOEs grew at afaster
rate than collectively-owned and Hong Kong, Macao and Taiwan-owned enterprises,
and the growth was mostly driven by improvement in SOES technicd efficiency.

Therest of the paper is organized as follows. Sections 2 and 3 describe, respectively,
the methodology and data. Section 4 discusses multiple enterprise ownership
Sructures. Section 5 reports efficient leve tests, and section 6 examines efficiency
change results. Condluding remarks are contained in section 7.

2. Methodology
The productive efficiency of anindudtrid firm is reflected by the rdaionship between

the outputs the firm produces and the inputs the firm uses in agiven period of time.



The efficiency measurement of one firm should be based on a comparison between
the firm and other firmsin the sameindudtry. In the Smple case wherefirmsinan
indugtry produce a sngle output with a single input, the most efficient firm in the
indugtry is the one with the highest output/input ratio. Defining this highest rtio as
the potentia output per unit of input for dl the firmsin the indudry, theratio of a
firm'sactud output to the potentid output (per unit of input) can be used as amessure
of efficiency for the firm.

Alternatively, efficiency may be messured in terms of potentia input per unit of
output. The mogt efficient firm in an industry can be used to define the potentid
input/output ratio. The efficiency measure for any firm in the indudtry is then defined
astheratio of the potentid input to the actud input the firm is using to produce one
unit of output. 1n the more complicated case where firms use multiple inputs and
produce multiple outputs, Smilar measurement can il be obtained by comparing the
actud outputs (inputs) retio of any firm to the potentiad outputs (inputs) ratio
established by the most efficient firmsin theindustry. In the multiple input/output
cae, the mogt efficient firms form the efficient frontier.

Empirica gpplications of such efficiency measures are feasble by a non-parametric
technique known as data envelopment andyss (DEA). Useful references on DEA
include, anong others, Farrell (1957), Banker et d. (1984), Banker et d. (1989),
Charnes et . (1978, 1981), Saiford and Thral (1990), and Lovdl (1993). We usethe
DEA gpproach to assess the productive efficiency of industrid firmsin China. An
edimate of theratio of red output to red inputs provides an efficiency measure that is
independent of the priceleve. We redtrict our modd to the “ multiple-input and

sngle output” case in terms of totd factor productivity (TFP) which istheretio of
output to tota input.

A DEA modd gives an efficiency score for each firm in agiven industry. For the
input oriented modd, the efficiency score has a vaue between zero and one. Firms
with an efficiency score of unity (100%) are located in the efficient frontier in the
sense that thelr inputs cannot be reduced without a corresponding decrease in output.
Frms with an efficiency score below 100% are inefficient. The DEA modd defines
the efficiency score of any firm as the fraction of the firm'sinputs thet is necessary for
afirm in the efficient frontier to produce the same levd of output.

A graphicillugtration of this concept is given in Figure 1. With two inputs (X; ad
X2) and one output (Y), firms B and C define the efficient frontier as represented by
the piecewise linear curve ABCD. The efficiency scores of B and C are both 100%.
Frm E isinefficient in the sense that alinear combination of B ard C can form F that
can produce the same levd of output as E but with only afraction of theinputs. In
other words, F represents the potentid inputs that firm E need to produce the actud
output. Thefraction OF/OE istherefore defined as the efficiency score for firm E.

[Insert Figure 1 here]
In practice, the efficiency score for any firm can be obtained by solving for the

following linear programming problem (input oriented, condant returnsto scale
modd):
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In the above problem, & isthe efficiency score, Y is the output and X is the input
(vector) of the firm being evauated. N is the number of firmsin the industry. The
linear programming is solved N times to estimate efficiency scores for dl firmsin the
indudtry.

To invedtigate the effect of ownership and market competition on the productivity of
the firms, we use atwo-stage gpproach (see, for example, Ali and Hinn 1989,
Kdirgan 1990, for the gpplicaion of twostage andysis). Inthefirst stage, we
cdculate the efficiency scoresfor each firm by industry. In the second stage, we run
regressons to examine effects of ownership and market competition on the productive
efficency of firms.

3. Data

The data st used in this sudy indudes dl medium and large Szed indugtrid
enterprisesin Shangha. Shanghai, with a population of 13 million, is the most
important business and indudtria center in China. It accounts for 4.5 percent of
nationd GDP and nearly one-fifth of China s externd trade (by vaue). A sample
from Shangha would present a comprehensive panorama of enterprise performance
while controlling for impact of regiond factors on productivity in China (Chen,
1996).

Previous researchon the Chinese economy was mostly based on macroeconomic
gatigtics from publications such as China Satistics Y earbooks. Chow (1993)
discussed the qudlity of officid Chinese gtatigtics and concluded on its overdl vdidity
for macroeconomic research depite potentid problems, including pressure for
reporting units to falsfy dataand limited government resources for data processing.
The datafor this study were provided by the State Statistic Bureau of China (SSBC)
from its computerized microeconomic database. This nationa database gores firm-
level gatistics from the mandatory annud reports of dl qudified government and
business organizationsin China. Being one of the firg gudies basad on this hitherto
unreleasad database, the empirica findings reported in the paper dso reflect on the
internal accuracy and congstency of officid Chinese microeconomic gatigtics.

Our data set covers a three-year period of 1996-1998. This data period was
determined because of the Sgnificant revison of classfication criteriaand Satistic
presentation categories that took placein 1996. The revison made pre- and post-1996
data incomparable. The reporting format has, however, remained unchanged since
1996. Three mgor changes made in the 1996 revison are worth noting. First, cost of
direct materid input became available for the firg time in 1996, without which

materid input efficiency cannot be estimated. Second, revenue, which had not been
adjudted for vaue-added tax (VAT) before 1996, was to be adjusted afterwards.
Findly, SSBC publicized its definitions of different ownershipsin that year (China
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Satidics Yearbook, 1996). A clear ownership dassfication is of prime importance
for investigating ownership effect on firm performance.

Based on the SSBC' s categorization scheme, we divide Chinese enterprisesinto Sx
groups. state-owned, collectively-owned, privady -owned, foreign-owned, Hong
Kong-Macao Taiwan-owned enterprises and domegtic joint ventures. Their
definitions are as follows (see SSBC, 199%6):

B State-owned enterprises (SOES): enterprises, inditutions, government
adminigrative organizations a various levels and socid organizations with date
ownership of production means,

B Collettivdy-owned enterprises (COES): enterprises andingditutionswith
collective ownership of production means, including rurd economic
organizetions, enterprises run by township and villages (TVES), collective
enterprises and indtitutions run by cities, counties, town and street committees;

B Privady-owned enterprises (POES): economic units owned by private
individuas, induding individualy owned private enterprises, jointly owned
private enterprises, and privately owned limited liability companies,

B Foreignowned enterprises (FOES): enterprises established by foreignersin the
Chinese mainland according to related economic laws and regulations, induding
equiity joint ventures, cooperative joint ventures and soldy -owned subsdiaries,

B Hong Kong-Macao Taiwarrowned enterprises (HMTS): enterprises established by
oversea Chinese from Hong Kong, Maceao, and Taiwan in the Chinese mainland
according to related economic laws and regulaions, incduding equity joint
ventures, cooperdtive joint ventures, and solely -owned subsdiaries,

B Domedtic joint ventures (DJV's): economic entitiesjointly invested by enterprises
of different ownership or by enterprises and inditutions, and the joint ownership
can be of closed, semi-closed, or open partnership.

Note that DJVs are modtly joint ventures among severd SOESs, COEs or between
SOEs and COEs, s0 they are different from Chinese-foreign joint ventures, which are
cdssfied as FOEsand/or HMTs. Section 4 below contains amore detailed discussion
on the evolution of enterprise ownership structure in the context of Chind sindudtrid
reform.

A firm's nomind saesrevenueis used as measure for its output in agiven year.
Three inputs are assessed to determine the firm's efficiency: [abor, capitd, and
materids. Labor is measured by the number of employees, capitd is measured by
nomind value of net productive assats, and materiasis messured by nomind vaue of
direct materiasinput of each firm in agiven year. After ddeting firmswith missng
vaues for the variables described above and industries that have fewer then 20 firms,
our data sample conggts of apand of 1,989 firmsin 26 indudtries for the period of
1996-1998. Descriptive gatidtics of the sample are given in Table 1.

[Insert Table 1 here]

Asindicated by Table 1, SOEs form the largest group with a totd of 937 firms. There
ae 213 COEsand 105 POEs. 276 and 407 firms are respectively dassified as FOES
and HMTs. Thesmadlest group isDJVs, which contains 51 firms. Both by year and
three-year average efficiency scores are estimated for each firm While the nomind



vaues may be subject to biases from accounting practices and imperfect markets, the
DEA efficiency score gives an estimate of the deviation of each firm's productivity
from the efficiency frontier for a given industry as long as these biases are not
systematic. Only regression results based on three year average efficiency scores are
reported for andys's, which are smilar to results based on by year efficiency scores.

4. Industrial Reform and Multiple Enter prise Owner ship Structures

SOEs have been the backbone of the Chinese economy before the economic reform.
For along period from early 1950s to late 1980s, the Chinese economy was entirdy
under the control of the state, which owned dl factors of production other than labor.
Operating under either central or loca government, SOESs acted as cost centersto
fulfil nationd production quotas and provide socid servicesto employees. The
management of SOES hed little control over input, output, investment and
technologica change.

The SOE reform isacritica part of Chinds overdl reform package. The economic
reform policy was determined at the Third Plenary Session of the 11th Centrdl
Committee of the Communigt Party of Chinain December 1978. A "gradud" reform
Srategy was adopted (as opposed to the "big-bang” gpproach gpplied in some East
European countries). Agriculture was the first areain which Chinaimplemented
reforms. The results were clear: agricultura output increased by 67% between 1978
and 1985, and productivity (measured as the amount of output for a given amount of
inputs) increased by nearly 50%, compared with no increase in productivity over the
previous two and haf decades (Lin, 1992, McMillan et d., 1989). Theincreasein
agricultural productivity in turn spurred the growth of rurd enterprises, or TVES, by
generating apool of savings and excesslabour (Byrd and Lin, 1990). Beginning from
agmdl base, TVEswere dlowed to grow with few of the restrictions that hobbled
SOEs and TVEs expanded rapidly. A number of studies have made to explain the
success of TVEs (eg., Weitzman and Xu, 1994; Chang and Wang, 1994; Li, 1996).

Industrid reform was cdled for in 1979 and officidly launched a the Third Plenary
Sesson of the 12th Centrd Committee of the Communigt Party of Chinalin 1984.
The core of this reform program was to transform thousands of medium and large-size
SOEs to profit-seeking economic units conforming to amearket economy. Asindicated
ealier, one particular objective was to transform SOES from cost centersinto profit
centersto be responsble for a profit target. Over the past two decades, the
government has delegated an increasing degree of decison-meking authority to SOE
management to boodt their performance. However, many SOES have remained
money losers and relied on “soft loans’ from state banks for surviva. Known for
overgaffing, low productivity and declining profitability, SOES are neverthdess the
mgor providers of basic industrid output for the economy, largest employer of urban
workers (SOEs employed 65% of 173.5 million urban workersin 1995), and main
source of government revenues (SOEs contributed RMB444.1 billion, i.e., 71% of
government revenuein 1995). They till dominate the heavy industries sectorsin
China, induding sed making, machine building, automobile manufacturing,

petroleum production, and cod mining.

Organized by the locd authorities, COES used to be smilar to SOEs in the sense that
they were dso under government control and were encouraged to provide Sable



employment to their employees. SOEs and COEs have provided socid security to the
urban and rurd workforce of Chinafor severa decades. Asaresult of economic
reform, the management of COES has been under increasing pressure efficiency
improvement and they have had to lay off employeesto achieve the objective. Many
of the COEs are the “township and village® based enterprises (TVES). TVEs sarted
in labor-intensive indudtries, ther totd asset level has remained rdaivey low, and
expart conditutes alarge part of their revenues. TVES have reported the highest
growth rate and represent the most dynamic sector of the Chinese economy in early
1990s (Weitzman and Xu, 1994). In 1994, there were 24,945,000 TVEs, with atotd
industrid output of RMB2,588,000 million, which was 17.78 times thet in 1978,
recording an annud growth of 21% sincethat year. Theincrease in the export volume
of TVES has exceeded that in their output. In 1993, TVES exported RMB235,000
million, which was 45% of China stotd export. Dueto datalimitation, TVES are not
separated from COEs in this study. However, it gopears reasonable to assume that the
overdl performance of COEsis subgtantidly driven by TVEs.

The trangtion from a centraly planned economy to a market economy isa
marketization process. A market economy prerequisites the coexisience of multiple
ownership structure and economic entities. By definition, there can be no free market
economy under a monopoaligic Sate ownership. The diversfication of ownership
sructure can be achieved through the reform of SOEs and development of non-state-
owned enterprises. A radica approach isan overdl privatization of dl SOEs, asin
Eagtern Europe and Russia, while agradud gpproach would avoid the difficulties of
such a chalenge by fostering new economic dements outsde of state-owned sectors.
The economic reform in China has been characterized by the devel opment of non
dtate sectors as a means to change the ownership landscepe. Foreign-owned (FOES),
Hong Kong-Macao- Tawan owned (HMTs) and privately-owned enterprises (POES)
have emerged since early 1980s as China began to open its markets. The government
has encouraged the establishment of FOEs and HMTsin order to benefit from foreign
capita, advanced technology, management expertise, and increased export volume.
By 1994, foreign, including Hong Kong, Macao and Taiwan, investors had invested a
totd of US$100 hillion in 198,000 joint ventures, which employed 14 million people

and accounted for 37% of China stotd export. POES cameinto being to meet the
demand of the gradudly deregulated Chinese market. However, there have been
reported cases that individua and private enterprises have registered as SOES and
COEs in order to secure preferentid tax treetment and/or materia supply.
Furthermore, more POES have been known to take advantage of the loopholesin tax
laws, accounting standards, judicid system and audit regulations than enterprises
under other types of ownership. Therefore, the reported productivity messures for
POEs may be downward biased compared with actua numbers, and the difference
between SOES, COEs and POEs in terms of these measures would aso be affected.

Weillugrate the growth of the non-dtate sector in Chinawith the following satidtics.
In 1978 (the year before the economic reform), SOES produced 75%, and COES 22%
of thetotd indudtrid output. POES were dmost non-exigent a the time, with only
150,000 employees (1.6% of labor force) engaged in sdf-employedbusiness. The
number ogf POEs increased to 7.97 million in 1993, employing 13.03 million people.
Furthermore, 53% of POES have entered into international business or trade, with
22.5% forming joint ventures with foreign partners. POEs were responsible for .4%
of tod incometax in 1978, and 10.8%in 1993. The indudtrid output of the non-state



sector increased by 2% on average annualy over the 1980s, and by 4% after 1992. Its
output first exceeded 50% of totd indudtria output in 1992, and reached 65% in 1995.
The contribution of the non-state sector to government revenue aso rose from 18%in
1980 to 39% in 1993, demondrating an annud increase of 1.65%. In contrast to its
increasing contribution to the nationa economy, the non-state sector uses ardatively
amdl portion of the resources. In 1995, the non-state sector accounted for 44% of
total capital investment and 40% of total working capitd. There were atota of
7,341,500 indudtrid enterprisesin China, with 118,000 dassfied as SOESs, 1,475,000

as COEs, and 5,688,200 POES, and 60,300 under other categories as of 1995. Asa
result of the ongoing economic reform, the contribution of SOEsto Chind stotd
indudtrid output has declined significantly from 75(%) in 1978 to 35(%) in 1995.

While the Chinese economy grew at an average annud rate of 9.9% over the past two
decades, non-state enterprises have been growing at a gregter rate than SOES.

5. Analysisof Productive Efficiency of ChineseIndustrial Firms

We test the two dternative propostions about the driving force for productive
efficiency in Chinese enterprises. We obtain the efficiency scores of each firm using
the DEA mode to examine their associaion with ownership and market competition.
To andyze the ownership effect on enterprise efficiency, we divide the sample firms
into Sx ownership categories. We then calculate the mean and standard deviation of
efficiency scoresfor each group. Theresultsare listed in Table 2. It can be seen thet
dthough the sze of the groups varieswiddy from 937 SOEsto 51 DJVs, the standard
deviaions of the efficiency scoresin each group are quite Smilar, which rendersthe
comparison of the means of efficiency scores across ownership categpries more vaid.

[Insert Table 2 here]

The meen efficiency score of SOES (group 1) is 55.34%, the lowest of dl the groups.
The mogt efficient groups are HMTs (group 5) and FOES (group 4) with mean
efficiency scores of 69.95% and 69.77%, respectively. The COEs (group 2) and
POEs (group 3) are dose behind with mean efficiency scores of 68.77% and 66.79%,
respectively. Thelagt group, the DIV's (group 6), gppears to be in the middle between
SOEs and the other groups with a mean score of 60.25%. This may be explained by
the fact that DJIV's, as opposed to Chinese-foreign joint ventures, which are dlassfied
as FOEs and HMTs, are joint ventures among SOES or between SOEs and COEs.
Therefore, they have operaions profile smilar to that of SOEs. The close
performance of COEs and POEs may be explained by the fact the group of COEs
incdlude TVEs, which is more like private ownership than collective ownership.

It is observed that the digtribution of ownership groups across indudtries is not even.
For ingtance, in the generd machine-huilding indudtry, about 66% of the firms are
SOEs whereas SOES only account for 20% in the garment-and-fabric-manufacturing
indugtries. To control for the effect of industry-specific factors such as conditions of
technologica change, market for specific assets and skilled labor, and indudtria
policy of the government, etc. on efficiency, we run the following regresson:

e=a,+a a,l
j

i
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In the above eguation, e is the average efficiency score of afirm over 1996-1998. | is
the indugtry dummy and Oy isadummy representing ownership categories. To avoid
perfect corrdation, industry dummy for generd machine-building and ownership
dummy for SOEs are dropped. Therefore, the coefficient estimates should be
interpreted with reference to SOEs in the generd machine-building indugtry. The
results of the regression are reported in the first column of Table 3.

[Insert Table 3 here]

The results show that there are consderable inter-industry variationsin the efficiency
scores of firms. Specificaly, indugtries of furniture manufacturing, nonferrous

metas, rubber products, fur and leather products, paper products, food processng,
and ferrous metals have mean efficiency scores higher than the genera machine-
building by aminimum of 30%. On the other hand, perhaps with some surprise, the

€ ectronic-and-communi cationeguipment industry, which is consdered more
technologicdly advanced than the above indudtries, is found to have the lowest mean
efficiency score, lower than the generd machine-building by about 10%. However, a
closer ook reved s that the eectronic-and-communication-eguipment industry hasthe
highest concentration of FOEs and HMTs (groups 4 and 5), which together account
for 81 out of 131 firmsin the industry, and SOEs account for 35 firms. The efficiency
gap between SOEs and FOEs in thisindustry may be further widened by the different
generations of technology respectively employed by them. Since the efficiency scores
are upper bounded by unity (100%), the wide gap between SOEs and FOESs in this
industry resulted in alower average score for the industry asawhole. After
controlling for the industry specific factors by industry dummy, the coefficient of
ownership dummy il shows the same pattern of effects on productive efficiency.
Feecificdly, SOEsand DJVsremain the least efficient, and firmswith other types of
ownership have, on average, 10-16% higher mean efficiency scores than SOEs and
DJVs.

Degree of market competition is conddered an dternative driver for productive
efidency. Next, we test the effect of market competition on enterprise efficiency ina
given industry. We distinguish between competition in internationa versus domestic
market. During the long period of command economy from 1950sto 1980sin Ching,
indugtrid firms, regpongible for production quotas but not respongible for profit, had
little pressure from market competition. Only after the beginning of economic reform
have the newly established private firms and foreign firms brought competitive forces
to the Chinese market. Nevertheess, some SOEs have exported their products to
international markets long before the economic reform in order to earn much-needed
foreign currencies. Thus Chinese firms have been exposed to competition in the
export market prior to competition in the domestic market. Wefirgt use exposure to
international market as a proxy to measure the effect of international market
competition on the efficiency of exporting versus non-exporting firms.

We introduce anew varigdble, X/A, the ratio of afirm's export revenueto itstotd
asts, asaproxy for thefirm's exposure to internationa markets competition and
regress firm efficiency score on this variable as shown below. (An dternative proxy
isthe fraction of afirm’s export revenueto tota revenue. However, sincetota
revenue is used as output measure in the computation of the efficiency score, we
decided to use total assets as the scder here to avoid endogeneity problem.)
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e; = a, +c(X/A) ©
It may be argued that internationd markets are more competitive than domestic
market for Chinese enterprises. Therefore, firms which compete in the export market
should face grester competitive pressure than those which only sdll in the domestic
market. Theresults of the regression are reported in the second column of Table 3.
The estimated coefficient ¢ is positive and has at-ratio of 7.13, indicating that firms
which earn export revenues are more efficient than firms which only sl

domedticaly.

We note that some FOEs and HMTs are under government regulations restricting
their sdesin the domestic market and many of these firms are located in the specid
economic zones for processing and re-export businesses. For the firmsin these
groups, the weight of their export revenue would presumably be higher than that of
thefirmsin other groups. Hence, the extent of export market exposure and specific
ownership categories may be corrdated. Consequently, the effect of ownership
structure on efficiency presented earlier may, to some extent, be atributed to the
effect of international market competition. To separate this possible interreation, we
run regression again with both (X/A) and the ownership dummy. Theresultsare
shown in column 3 of Table 3. With the addition of ownership dummy, the
coefficient on (X/A) is il positive and has at-ratio of 4.04, suggesting thet the
pressure from export markets is not limited to firms of pecific ownership categories
After contralling for export market exposure, ownership effect on efficiency retains
the same pattern that average SOES efficiency score lags behind those of firms
belonging to other ownership groups. Specificaly, exporting SOES have higher
productive efficiency than non-exporting SOES, but not enterprisesunder other
ownership categories.

Besde the fact that firms with specific ownership type such as FOEs and HMTs have
more exposure to the export market, some industries may aso be more export
oriented due to the nature of their products. Hence, the diff erences in the vaues of
industry dummy shown earlier may aso have been biased by the differentia effect of
competition from export market across indudtries. To account for this possibility, we
add the industry dummy to the regression of efficiency scoreto (X/A) and ownership
dummy and report the resultsin column 4 of Table 3. It gppearsthat thereisno
ggnificant change in industry dummy after exposure to export market is controlled
for. Thisindicatesthet the extent of participation in export market does not account
for inter-indudtry variations of productive efficiency of Chinese firmsin asgnificant
way.

After examining the effect of internationa market competition, we next congdruct the
Herfindahl index as a proxy for the degree of domestic market competition to test its

effect on enterprise efficiency. The Herfindahl index for each indudtry is calculated
as

H =& s @
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wheres;j isthe market share of firm i inindudry j. N; isthe number of firmsin
indudry j. Thelevd of Herfindahl index, with maximum of 1 and minimum of /N,
reflects the degree of concentration in the industry. We then regress the means of
effidency scores of the firms in each industry on its Herfindahl index:

e, =a,+d,H,, j=12,., 26 ©

Since a higher Herfindahl index indicates less market competition, a negative
association between Herfindahl index and productivity is expected to show the
positive effect of market competition on enterprise efficiency. The regression results
are presented in Table 4. The coefficient @ is pogitive and has at-ratio of 282. This
seemsto suggest thet the firmsin the industries with high level of concentration
would on average have higher efficiency scoresthan firmsin less concentrated
industries, which is counterintuitive.

[Insert Table 4 herg]

It may be argued that since the efficiency scores are upper bounded, levels of average
efficiency score may not fully reflect the performance of the firmsin the efficient
frontier. On the other hand, if market competition would put greeter disciplinary
pressure on the firms a the lower end, then competition should reduce the span of the
efficiency scores between the firms at the upper end and lower end. To test this
possihility, we further regress the sandard deviations of efficiency scores of firmsin
each indudtry on its Herfindahl index:

s, =a +dH,, j=12,.,26 ©

]

A postive association is expected between a; and H; because market concentration
would difle competition and dlow inefficient firmslinger in busness  Regresson
results are also presented in Table 4. Contrary to expectation, d; is negative, dthough
not sgnificant at the conventiond level. Consequently, the result points to the same
conclusion that high degree of concentration, rather than competition, seemsto
enhance the performance of the firms at the inefficient end.

Findly, in order to examine to what extent indusiry factors are reflected by the degree
of industry concentration, we include the Herfindahl index in the regression of
efficiency scores in addition to ownership category and export market exposure. The
results are presented in column 5 of Table 3. Theinclusion of Herfindahl index does
not materialy change the effect of ownership categories and export market exposure.
The Herfindahl index has a positive coefficent with at-ratio of 10.52, ill apuzzing
result. When industry dummies are added into the regresson, however, the results
show inflated standard errors of estimation, which are indicative of collinearity
problem because the vaue of the Herfindahl index isindustry spedific.

The empiricd results demondtrate a Significant postive correaion between
internationdl market competition and enterprise efficiency, but domestic market
competition (concentration) is negatively (postively) corrdated with enterprise
efficiency. Thedifferentid effect between internationd and domestic market
competition may be due to aberrations or anomdiesin the Chinese “socidist market
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economy”. The Chinese markets are gill incomplete and imperfect because of the
absence of effective regulative environment, adequite corporate governance and
enforceable accounting sandards.  There are no laws to force insolvent SOEs into
bankruptcy. Instead, Sate banks continue to pump funds into them to avoid their
closures. For example, 80% of bank loans were made to SOEs over the years. Total
debts of SOES stood a gpproximately RMBS800 billion in 1995. Furthermore, the
government policy to maintain the monopoly of the largest SOES in selected
industries would aso give them unfair advantages.

6. Growth of Productive Efficiency

Ehrlich et d (1994) disinguish the influence of ownership on the firm'sleve of
productivity from thet on the firm's rate of productivity gr owth, arguing thet if thereis
endogenous growth in some firm specific assets, enterprises of different ownership,
even facing the same production possibilities and having access to Smilar markets,
may dill have systematic differencesin productivity growth rates. Using asample of
internationd arlines, Ehrlich et d find that a switch from gtate to private ownership
unambiguoudy raises the rates of productivity growth, or cost decline, wheressits
effect on the levels of productivity and unit cost may be ambiguous in the short run.

We have examined the effects of ownership and market competition on the level of
firm productivity using the DEA modd. Next we test their effects on the growth rate,
or change, infirms' efficiency. We use the Mamaquigt index to analyze the changein
efficiency for each firm, which is defined as.

~ d/2
_ eD;(XHl,yHl) D(t)+l(Xt+l, yt+1)g (7)

Mt+l Xt+1, t+1,Xt, t —
R A N TR SRR

where D, is an input distance function. The distance function is the inverse of the
input-oriented efficiency score, which can be caculated using the DEA method asin
equation (1) (Fireet d, 1994). The superscript on Do indicates the time period for
which the efficiency scoreis caculated. The superscripts on x and y respectively
indicate the time period of the data used in the caculation of the efficiency score. For
example, D1 (X, y) istheinverse of the efficiency index which is computed using
the observation of firm o in period t while the production frontier is based on period
t+1. Smilarly, D,(xX**, y*!) istheinverse of the efficiency index which is computed
usng the observetion of firm o in period t+1 with reference to the production frontier
based on period t. Equation (7) is commonly expressed in the following form:

D;+1(Xt+1’ yt+1) é Dct, (Xt+1’ yt+1) D;(Xt, yt) l;Il/z (8)

Mt+l Xt+l, '[+1’Xt’ t —
YT ) By DLy

(0]

This represents a decomposition of efficiency change of firm o from period t to period
t+1.

Theratio outside the brackets on the right-hand side of equation (8) measures the

changein technicd efficiency of firm o from period t tot+1. Since the digance
function is the inverse of the efficiency index, ardio of
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Dct)+1 ( Xt+1, yt+1)
D, (x',y")

greater than unity implies that the technica efficiency of firm o has dedined with
reference to the production frontier in the two periods. Similarly, aratio of lessthan
unity indicates that the technicd efficiency of the firm hasimproved from period t to
t+1.

The brackets on the right-hand side of equation (8) represent the geometric mean of
the shift in production frontier. Specificadly, thefird ratio in the brackets,

Dt (Xt +1 t+l)
D(t)?—l ( Xt+1 ’ yt+l)

isthe changein efficiency index of firm o dueto technologica change between
periodst and t+1, wherefirm o is observed in period t+1. The second rétio in the
brackets,

D, (X, ¥')

D (X, y')

has the same interpretation with firm o as being observed in period t. When the vaue
of these ratiosis less than unity, it implies that the technology of the industry hes
progressed fromtto t+1. Vice versa, aratio with avaue grester than unity suggests
that technological regression has occur red in the industry. The Mamauigt index asa
measure of overdl efficiency change is thus decompased into technical efficiency
change of the firm and technologica change of the industry. Similar to the
interpretation of its components, aMamauist index gregter than unity indicates that
the overdl efficiency of firm o has declined from period t to t+1 while aMamaquist
index lessthan unity implies an increase in the overdl efficiency of the firm.

Using our pand data from 1996 to 1998, we firs compute the distance functions for
each firm. Do'(X, y) and D, (X, Y1) are readily available by taking the inverse of
the efficiency scores obtained earlier. Then we add observation (%o, Yo)) of firm o in
year t into the data set (%", y*™%) of all the firmsin the ssmeindustry in year t+1 and
compute efficiency scorefor firm 0. The inverse of this efficiency score givesthe
distance function Dot*(¥, y). The distance function D!(x*2, y*!) isobtained in
gmilar fashion. The Mamauist index can be congtructed from the four distance
functions for the periods 96/97 and 97/98.

To examine the effects of ownership and market competition on the changein firm
efficiency, we run the following regression:

M =a,+3al. +3§bo, ©
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where M isthe average vaue of Mamquist index of afirm over the periods 96/97 and
97/98. |; istheindustry dummy and O is the ownership dummy. As before, the
industry dummy for general machine-building and ownership dummy for SOE are
dropped to avoid perfedt callinearity. Therefore, the coefficient estimates should be
interpreted with reference to SOEs in the generd machine-building indugry. The
regression results are reported in the first column of Table 5.

[Insert Table 5 here]

The reaults show that the COEs have an average Mamauist index vadue which is
higher than that of SOEs by 0.071, and thet of HMTs is 0.057 higher then that of
SOEs. Both differentials are significant a conventiond level’. Theindex for DVsis
on average 0.046 higher than SOEs but not sgnificant a the conventiond levd.

POEs and FOEs are close to SOEs in terms of Mamaquist index and that for POES has
anegdive Sgn, though the differentids are inggnificant. This suggeststhat on

average the overdl efficiency of SOEs hasimproved rdtive to that of the COEs and
HMTs, dthough the efficiency leve of SOEs are il lower than COEs and HM TS, as
discussed in section 5. The decomposition of Mamaquist index further provides

ingght into the causes of the efficiency growth for SOEsin Tables 6 and 7, where we
report the decomposed results of technologica change (shift of production frontier)
and technicd efficiency change. 1t can be seen from Column (1) of the Tables6 and 7
that technologica progress of SOEs lags behind firmsin other ownership category on
average, except for HMTs, dthough none of the differentids are significant at the
conventiond level. However, the technicdl efficiency of SOEs hasincreased a a
faster rate relative to COEs, HMTs, and DJVs. Thelargest differentia iswith respect
to COEs (0.059) and it is Sgnificant &t the conventiond leve. In sum, SOES growth

in productive efficiency is badcdly tributable to their improvement in technica
efficiency rather than technologica progress, indicating that SOES are ether using
lessinput or producing more output. We find that COEs and HMTs have, on average,
alower efficiency growth rate than firmsin other ownership categories.

We now examine the variations of efficiency change across dfferent indudtries. The
Mamauigt indexes (Table 5) for insruments, communications, and food
manufacturing indugtries exhibit a sgnificantly dower efficiency growth rate than

that for the generd machine-building industry. The regt of the industries do not have
sgnificant difference in efficiency change compared with the generd machine-
building industry. Table 6 showsthat three industries, namdy dectrica engineering,
fur and lesther, and food processing, have technologica progress rate in excess of that
of generd machine-building indudtry, but the differentials are not Sgnificant at
conventiond level. The other 22 indudtries have a technologica progress rate below
that of the generd machine-building indudtry, the differentidsfor 15 among the 22
industries, induding ingtruments, communications, and food manufacturing are
sgnificant a the conventiond level. Table 7 revedsthat 17 indudtries have an
average fadter efficiency growth rate than that of general machine-building. The
differentidsfor 7 industries among them, including insruments, communications, and
food manufacturing, are significant a conventiond level. The remaining eight
industries have average growth rates smdler than that of generd machine-building, of

! Hereandin the fdlowing text, by significant we mean thet-ratio of the coefficient exceeds the 5%
criticd vaue.
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which the differentids of 2 industriesincluding transport equipment and electricd
enginering are Sgnificant.

From the above observations, we may speculate that the production frontiers have
shifted for most industries over the period of 1996-98, but the efficiency of the
average firms has not changed much. Thisis because the shift of the production
frontier is determined by the performance of the mogt efficient firmsonly. Asthe
production frontiers moved upward, the efficiency scores of the less efficiert firms
may become worse, resulting in deteriorating technica efficiency. Allowing for the
effect of technologica progress of the most efficient firms and the deteriorating
technicd efficiency (relative to the production frontier) of the less efficient firms, the
overdl efficiency change of average firmsin most indudtries are insignificant.

Smilar to the andyds of efficiency levels, we next include proxies for internationd
and domestic competition, namely the exposure to the export market and Herfindahl
index of each indudtry, into the regresson. Tables 5, 6, and 7 show that these proxy
variables do not have significant effects on the average efficiency change of firmsin
different ownership groups. There are no sgnificant changesin the coefficients of
ownership dummy and industry dummy after the indlusion of the proxy variables
Internationa competition has a gnificant effect on the leve, but not the growth rate,
of firm efficdency. Domestic competition has no sgnificant effect on ether the level
or change of firm efficiency.

The findings on the higher technicd efficiency growth rate of SOES than those of
COEs and HMTs despite the higher level of efficiency for COEs and HMTsis of
interest. SOES have the lowest leve of efficiency among the Six groups. Market
forces arelikely to exert the grestest pressure on them to reduce inefficiency.
However, we do not know whether the efficiency improvement reflects reduced
agency codts, or isaresult of increased government campaign to improve SOE
performance in recent years. The Chinese government has based the economic
reform on the restructuring of SOEs by alocating the mgority of human, materid and
financid resources to support the state-owned sector. In contrast, the success of the
non-gtate sector is not the outcome of government support, but thet of its own
behavior in conformity with economic lawvs. Unlike the SOEs firms in the non-state
sectors have to face hard budget, bottom line, threet of bankruptcy and market exit.
However, the dower growth rate in technica efficiency for COEs and HMTs expose
the weskness in these two sectors. COEs have amilar levd of efficiency as POES, its
dower rate in technica efficiency may be attributable to severd causes. First, COEs
are subject to more government bureaucracy than POES because of adminigrative
filiations. Second, the growth of COES has been modtly driven by TVES, however,
many TVEslack economies of scae, which hinderstheir growth beyond a certain
point. HMTsenjoy the highest leve of efficiency with FOEs. Ther differencein
technica efficiency growth may be explained by their investment srategies. Hong
Kong, Macao and Taiwan investors usudly have a shorter invesiment horizon than
foreign investors. Their facus on short-term profit may impair their growth potential
in thelong run.

7. Concluding Remarks
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This study attempts to analyze ownership effect and market competition on the
productive efficiency of indudrid firmsin China Wefirgt obtain efficiency score by
data envdlopment andyss (DEA) for each of 1,989 firmsin 26 industries. DEA
method is employed to address potentid unrdiability of accounting data to the extent

it may exist. Then, we use regresson modes of efficiency scoresto examinethe
effect of ownership categories and other market factors on the economic performance
of thefirms.

The results of regression suggest that ownership is an important determinant of
productive efficency. The group of state-owned-enterprises (SOES) hasthe lowest
average efficiency score whereas foreign-owned (FOES) and Hong Kong, Maceo and
Tawanrowned (HMTs) enterprises have the highest efficiency scores. The average
efficiency score of domestic joint ventures (DJV's) among SOES or between SOES and
COEsliesin between but closer to the state-owned-enterprises (SOES). Property
rights and ownership structure have a sgnificant impact on al economic transactions.
It is especidly the case with atrangtiona economy as Chinawhere economic reform
is redlized through the transformation of state monopoly to adiversified ownership
structure.

The study aso examines the effects of market competition on productive efficiency,
and it isfound that exposure to international market has a postive effect on enterprise
efficiency, though the effect is not as strong as that of ownership category. On the
other hand, the degree of market concentration in domestic market, as measured by
Herfindahl index, isfound to have pogtive effects on efficiency, contrary tothe
common bdlief that market competition rather than concentration should improve
efficdency. The mixed results on market competition may be due to the lack of
effective competitive mechanism characterigtic of an emerging market il a an early
development gage. Although free market and price mechanism become crucid to
trandfer assets to those who can put them to the most productive use, however, when
market-oriented reform isintroduced into an environment of partidly reformed
governance inditutions, it will lead to non-market-oriented behavior.

We a0 examined the effects of ownership and competition on the growth rate in
firms productive efficiency. We used the Mamauist index to decompose overdl
efficiency change into industry-wide technological progress effect and changein
technicd efficency of individud firms. The regresson resultsindicate a higher
growth rate in technica efficiency for SOEs in comparison with the more efficient
firms of COEsand HMTs. This difference may be attributable to severd factors,
induding the relative low leve of totd efficiency of SOES government support for
SOE reform and internd condraints of COEs and HMTs. The proxies for
internationad market exposure and domestic market competition, however, do not
show sgnificant effect on the change in firm efficiency over the examination period.
The findings on the change in productive efficiency add to our understanding of the
ownership effect. Based on both leve and change andys's, the non-state sector
exhibits a higher productive efficiency than the State sector despite some within group
variance during the examination period.

There are severd limitationsto this sudy. Firdt, the empirica results are based on a

new database with unknown accuracy and internd condstency. If SOEsinflate, and
firms under other ownership categories deflate, their productivity, ownership effect
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would be weekened in consequence. Data quality may aso be responsible for the
mixed effects of market competition on enterprise efficiency. Second, the constant
returns-to-scale modd used in the study excludes congderation of scale economies,
which may have asgnificant effect on productive efficiency. Third, the efficiency
score gpproach used here does not consder the aspect of dlocative efficiency. A
differentid analysswould help identify potentid improvement in better use of
resources. We will address these issues in future research.
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Table 1. Summary Statitics (Indudtrid Firmsin Shanghal, 1996-1999)

Ownership No. of firms Mean SD. Minimum Median Maximum
Paned A: Average Assats
Stateowned 937 99743.78 229332.28 561.33 33739.33  3906240.00
Collective 213 12988.23 29972.96 31.00 5156.67 362546.33
Private 105 54469.26 113927.09 732.67 16326.67 910969.00
Foreign 276 51838.25 104197.05 1268.00 16068.3  1044986.67
H-M-T 407 132116.07 240606.29 934.67 45702.67  2316822.67
Joint Ventures 51 32612.06 38357.52 1486.00 25740.33 242436.67
Overdl 1989 86318.50 20070353 31.00 25467.00  3906240.00
Pand B: Average Revenue
Stateowned 937 66740.35 152576.79 119.33 19803.67  2274530.00
Collective 213 9428.00 16560.61 21167 4656.67 144750.33
Private 105 48797.94 112888.88 1316.00 14231.67 934416.33
Foreign 276 39827.07 98828.64 304.00 12160.33  1293457.00
H-M-T 407 10994344 208832.65 433.33 33450.33 199977133
Joint Ventures 51 24180.40 31652.04 914.67 15542.33 157539.67
Overdl 1989 63670.24 151089.41 119.33 16652.00  2274530.00
Pandl C: Average No. of Employees
State-owned 937 666.86 A9.74 12.00 355.00 10169.00
Collective 213 17241 184.28 7.00 11367 1255.67
Private 105 347.86 505.61 16.67 162.67 4097.00
Foreign 276 191.80 328.73 5.00 85.83 3308.67
H-M-T 407 279.01 399.14 133 142.33 3189.00
Joint Ventures 51 250.95 31386 17.33 166.67 1585.33
Overdl 1989 44112 734.03 1.333 201.33 10169.00

Note: Assets, revenues and number of employees per firm are the average taken over three years.
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Table 22 Summary Statistics of Efficiency Scores (%)

1 2 3 4 5 6

Group State owned Collective Private Foreign H-M-T Joint venture
1996 5752 66.48 69.15 71.49 69.72 60.47

(25.25)° (27.73) (23.73) (24.46) (25.42) (22.68)
1997 53.49 67.68 66.59 69.77 69.92 58.65

(25.89) (27.29) (25.62) (24.90) (24.81) (21.29)
1998 55.01 72.15 64.62 68.06 70.20 61.62

(26.66) (26.33) (23.95) (25.58) (25.26) (24.55)
Pooled 55.34 68.77 66.78 69.77 69.95 60.25

(25.98) (27.19) (24.44) (24.99) (25.15) (22.77)

2 Mean Efficiency Score

b Standard Deviation of Efficiency Scores

22



Table 3: Regression Analysis of Efficiency Scores

M odels 1 2 3 4 5
R 0.274 0.025 0.093 0.288 0.141
Intercept 43.60 61.24 55.11 43.80 49.12
(157) (0.55) (0.74) (1.56) (0.92)
Ownership dummy:
Coallective 14.43 13.49 14.57 13.60
(158) 172 (157) 1.67)
Private 10.31 1156 10.32 10.62
(211) (2.33) (2.09) (2.27)
Foreign 14.34 13.38 13.13 12.61
(144) 157) (1.44) (153
H-M-T 16.62 12.46 13.88 12.21
(1.24) (1.44) (1.31) (1.40)
Joint Venture 1.96 4.49 201 412
(2.97) (3.26) (2.99) (3.17)
XIA 0.17 0.10 0.14 0.10
(0.02) (0.02) (0.02) (0.02)
Herfindahl Index 98.59
(9.38)
Industry dummy:
Specid Equipment 6.16 6.16
(2.16) (213)
Transport Equipment 14.16 13.98
(252 (2.50)
Instruments 5.15 4,07
(253 (252
Other Manufacturing 16.44 15.59
(3.70) (367)
Chemicds 7.88 8.03
(2.37) (23)
Pharmeceutical 2143 21.13
(3.36) (332
Printing 16.41 16.56
(2.76) (273
Plagtic 18.77 18.68
(3.11) (3.08)
Furniture 32.15 32.07
(4.23) (4.19)
Sport Equipment 18.13 17.07
(2.96) (299
Nonferrous Metals 31.64 30.89
(3.79) (3.76)
Garment and Fabric 13.18 11.82
(2.78) (2.76)
Wooden Products 2171 21.73
(4.44) (4.40)
Rubber Products 3175 31.49
(4.22) (4.18)
Electronic and -980 -11.49
Communication Equipment (2.39) (2.39)
Electrica Engineering 5.30 491
(2.34) (232
Fur and Lesther 33.97 33.81
(453) (4.49)
Textile 12.94 12.20
223 (221)
Paper Products 35.19 35.44
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(4.22) (4.18)
Metdllic Products 11.67 11.22
(239) 233
Non-metdlic Minerd 1517 15.13
Products (299) (291)
Food Manufacturing 7.29 7.77
(3.10) (3.07)
Food Processing 34.25 34.71
(415 (412
Beverage Manufacturing 2174 22.38
(4.63) (4.59)
Ferrous Metals 38.81 38.77
(4.82) (4.78)

Notes:

1. Efficency score, X/A (Export revenueto total assets) and Herfindahl index are the average value
of 96-98.

2. Toavoid perfect correlation, state-owned-enterprise dummy and generd -machine-building
industry dummy are dropped.

3. Standard errors of estimation arein the parenthesis.
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Table 4: Effects of Industry Concentration

Dependent Variable Meen Efficiency Score SD. of Efficiency Score
Intercept 0.613 0.206
(0.034) (0.012)
Herfindahl Index 0.825 -0.053
(0.293) (0.099)
R 0.249 0.012

Note: Standard errors of estimation arein the parenthesis
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Table5: Regression Analysisof Malmquist I ndex

M odels 1 2 3 4
R 0.029 0.011 0.029 0.011
Intercept 0.991 1.024 0.991 1.030
(43.402) (104.870) (43.396) (82.736)
Ownership dummy:
Coallective 0.071 0.080 0.071 0.080
(3.098) (3.538) (3.205) (3533)
Private -0.006 -0.008 -0.006 -0.007
(-0.1971) (-0.262) (-0.1971) (0232
Foreign 0.004 0.016 0.003 0.016
(0.205) (0.749) (0.230) (0.785)
H-M-T 0.057 0.067 0.054 0.067
(3.178) (3522 (2.808) (3.534)
Joint Venture 0.046 0.039 0.046 0.040
(1.061) (0.916) (1.063) (0.924)
XIA 0.000 0.000 0.000
(1.289) (0.537) (1.279)
Herfindahl Index 0.097
(0.765)
Industry dummy:
Specid Equipment 0.048 0.048
(1.542) (1.542)
Transport Equipment 0.072 0.072
(1.960) (1.953)
Instruments 0.119 0.117
(3.225) (3.180)
Other Manufacturing -0.015 -0.016
(-0.276) (-0.296)
Chemicds -0.011 -0.011
(-0.325) (-0.319)
Pharmeceutical 0.005 0.004
(0.096) (0.088)
Printing 0.031 0.031
(0.772) 0.777)
Plagtic 0.023 0.023
(0.513) (0.510)
Furniture 0.016 0.016
(0.259) (0.253)
Sport Equipment 0.055 0.053
(1.267) (1.233)
Nonferrous Méds -0.055 -0.056
(-0.997) (-1.013)
Garment and Fabric 0.040 0.038
(0.985) (0.939)
Wooden Products 0.116 0.117
(1.804) (1.805)
Rubber Products 0.054 0.054
(0.888) (0.882)
Electronic and 0.172 0.170
Communication Equipment (4.953) (4.857)
Electrica Enginesring 0.051 0.050
(1.497) (1482
Fur and Leather -0.037 -0.037
(-0.563) (-0.567)
Textile 0.031 0.030
(0.960) (0.929)
Paper Products 0.003 0.004
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(0.053) (0.058)
Metdllic Products -0.008 -0.008
(-0.230) (-0.247)
Non-metdlic Minerd -0.010 -0.010
Products (-0.235) (-0.236)
Food Manufacturing 0.104 0.105
(2.318) (2.33D)
Food Processing -0.016 -0.015
(-0.258) (-0.248)
Beverage Manufacturing 0.107 0.108
(1.588) (1.599)
Ferrous Metals -0.031 -0.031
(-0.441) (-0.441)

Notes:

4. Mamaquig index isthe average value of 96/97 and 97/98.

5. X/A and Herfindahl index are average vaues of 96-98.

6. Toavoid multicollinearity, stateowned-enterprise dummy and generd-machine building industry
dummy are dropped.

7. T-ddistics of estimation arein the parenthesis.
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Table 6: Regression Analysisof Technological Progress

Models 1 2 3 4
R 0.343 0.009 0.344 0.013
Intercept 0.953 1.026 0.953 1.037
(98.853) (204.307) (98.831) (162.397)
Ownership dummy:
Collective -0.010 -0.006 -0.010 -0.006
(-1.044) (-0.487) (-1.065) (0.505)
Private -0.000 -0.001 -0.000 0.001
(-0.036) (-0.081) (-0.037) (0.034)
Fordgn -0.004 0.026 -0.002 0.027
(-0.399) (2.412) (-0.197) (2.553)
H-M-T 0.012 0.035 0.016 0.035
(1.543) (3.560) (1.946) (3.617)
Joint Venture -0.004 -0.021 -0.004 0.020
(-0.199) (-0.960) (-0.203) (-0.929)
XIA 0.000 -0.000 0.000
(0.433) (-1.458) (0.396)
Herfindahl Index 0.191
(-2.925)
Industry dummy:
Specid Equipment 0.109 0.109
(8.279) (8.281)
Transport Equipment 0.116 0.116
(7.488) (7.507)
Instruments 0.179 0.181
(11.533) (11.610)
Other Manufacturing 0.013 0.014
(0.561) (0.615)
Chemicds 0.010 0.009
(0.661) (0.646)
Pharmeceutica 0.055 0.055
(2.656) (2.678)
Printing 0.168 0.168
(9.915) (9.904)
Pladtic 0.077 0.077
(4.017) (4.025)
Furniture 0.067 0.067
(2.579) (2.584)
Sport Equipment 0.004 0.005
(0.209) (0.29%5)
Nonferrous Metal 0.002 0.003
(0.065) (0.113)
Garment and Fabric 0.059 0.061
(3.475) (3.580)
Wooden Products 0.138 0.138
(5.056) (5.056)
Rubber Products 0.073 0.074
(2.830) (2.845)
Electronic and 0.290 0.292
Communication Equipment (19.758) (19.800)
Electrica Enginesring -0.019 -0.018
(-1.302) (-1.262)
Fur and Leather -0.027 -0.026
(-0.957) (-0.949)
Textile 0.087 0.088
(6.381) (6.453)
Paper Products 0.027 0.026
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(1.032) (1.018)
Metallic Products 0.044 0.044
(3.024) (3.068)
Non-metdlic Minerd 0.046 0.046
Products (2574) (2578)
Food Manufacturing 0.328 0.328
(17.263) (17.225)
Food Processing -0.046 -0.047
(-1.819) (-1.845)
Beverage Manufacturing 0.033 0.032
(1.277) (1.244)
Ferrous Metals 0.032 0.032
(1.092) (1.093)
Notes:

1. Technicd Changeisthe average vaue of 96/97 and 97/98.

2. X/A and Herfindahl index are average vaues of 96-98.
3. Toavoid multicollinearity, stateowned-enterprise dummy and generd -machine building industry

dummy are dropped.
4. T-datistics of estimation are in the parenthesis.
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Table 7: Regression Analysisof Technical Efficiency Change

Modds 1 2 3 4
R 0.038 0.006 0.038 0.006
Intercept 1.077 1.049 1.077 1.040
(45.253) (102.314) (45.253) (79.562)
Ownership dummy:
Coallective 0.059 0.078 0.060 0.078
(2.477) (3.277) (2.486) (3.284)
Private -0.020 -0.021 -0.020 0.023
(-0.628) (-0.657) (-0.627) (0.701)
Foreign -0.020 -0.031 -0.022 0.033
(-0.907) (-1.440) (-0.995) (-1.493)
H-M-T 0.024 0.020 0.020 0.020
(1.299) (1.002) (0.982) (0.982)
Joint Venture 0.014 0.029 0.014 0.028
(0.317) (0.644) (0.319) (0.631)
XIA 0.000 0.000 0.000
(0.448) (0.709) (0.463)
Herfindahl Index 0.153
(1.144)
Industry dummy:
Specid Equipment -0.066 -0.066
(-2.021) (-2.020)
Transport Equipment 0.099 0.098
(2.587) (2.578)
Instruments -0.082 -0.084
(-2141) (-2.185)
Other Manufacturing -0.028 -0.029
(-0.497) (-0.524)
Chemicds -0.018 -0.017
(-0.487) (-0.480)
Pharmeceutical -0.070 -0.071
(-1.387) (-1.39)
Printing -0.126 -0.125
(-3.006) (-2.999)
Plagtic 0.007 0.007
(0.157) (0.154)
Furniture 0.020 0.020
(0.314) (0.312)
Sport Equipment 0.057 0.055
(1.270) (1.226)
Nonferrous Metals -0.063 -0.064
(-1.092) (-1115)
Garment and Fabric -0.000 -0.003
(-0.011) (-0.068)
Wooden Products 0.023 0.023
(0.348) (0.349)
Rubber Products -0.035 -0.035
(-0547) (-0.554)
Electronic and -0.100 -0.103
Communication Equipment (-2.767) (-2.830)
Electrica Enginesring 0.102 0.102
(2.8893) (2.862)
Fur and Lesther -0.010 -0.010
(-0.247) (-0.151)
Textile -0.064 -0.065
(-1.890) (-1.925)
Paper Products -0.039 -0.038
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(-0.603) (-0.59)
Metdllic Products -0.056 -0.057
(-1578) (-1599)
Non-metalic Minera -0.065 -0.065
Products (-1.464) (-1.465)
Food Manufacturing -0.136 -0.135
(-2.889) (-2.870)
Food Processing 0.038 0.039
(0.601) (0.614)
Beverage Manufacturing 0.097 0.098
(1.386) (1.402)
Ferrous Metals -0.085 -0.085
(-1.165) (-1.166)
Notes:

1. Effidency Changeisthe average vaue of 96/97 and 97/98.

2. X/A and Herfindahl index are average values of 96-98.

3. Toavoid multicollinearity, stateowned-enterprise dummy and genera -machine building industry
dummy are dropped.

4. T-datistics of estimation are in the parenthesis.
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Figure 1. Measurement of Efficiency
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