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ABSTRACT

Enterprise inefficiency and disguised unemployment are

major concerns of the Chinese government and have motivated

economic reform policies. It has been argued that the Chinese

urban industrial enterprises and workers have few incentives

to be productive.

The major objectives of this study are; (1) to determine

the extent of industrial enterprise inefficiency and disguised

unemployment, (2) to relate these to government policies of

state ownership, full employment and egalitarian wages, and

(3) to make feasible suggestions concerning further economic

reform.

The methodology of this study, which combines a

stochastic frontier production function and efficiency wage

theory into a Zellner-Revankar generalized production function

framework, is innovative, especially for analysis of the

Chinese economy. Micro enterprise-level data from the 1985

Chinese Industrial Census were employed.

This study found that there are substantial enterprise

inefficiency and disguised unemployment within the Chinese

urban industrial sector. On average, enterprise efficiency is

approximately 20 percent below the best-practiced production

frontier, and about 22 percent of the employees in the Chinese

large and medium urban industrial enterprises are redundant.
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This study found two stylized facts about the Chinese

urban industrial sector. First, within a specific industry,

medium collective-owned enterprises exhibit the best

performance, having the lowest enterprise inefficiency rates,

lowest disguised unemployment rates and highest elasticities

of returns to scale. Large collective-owned enterprises are

second best, followed by medium state-owned enterprises.

Large state-owned enterprises operate most inefficiently.

Secondly, across industries, on average, the labor-intensive

industries have better performances than the capital-intensive

industries. The major cause of these stylized facts is the

existence and intensity of the Chinese government's centrally

planned economic policies of state ownership, full employment

and egalitarian wages.

This study also found that efficiency wage theory can

play an important role in stimUlating labor productivity

growth and overall economic development on the "average"

production technology. It does not always provide guidance

for improving enterprise efficiency, especially on the best

practiced production frontier.



vi

TABLE OF CONTENTS

ACKNOWLEDGEMENTS ..••...•.•.•••.•.•.....••.•••••.•.....• iii

ABSTRACT •..••••••.•.•.••••.•.•••.•••.••••••••••.•...•.•• i v

LIST OF TABLES .....••..•.•.•...•......••••..•...•...•. viii

LIST OF FIGURES ..•.......•.....•.....•.••..•....••..•.... X

CHAPTER 1 INTRODUCTION.. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 1

1 . 1 Background " . . . . . . . . . . . .. 1

1 . 2 Obj ect i ves 3

1.3 Significance of the study .•.....•............. 4

1.4 Organization of the Study ............•........ 8

CHAPTER 2 INSTITUTIONAL ARRANGEMENTS IN CHINESE INDUSTRIAL

SECTOR AND REFORMS IN EASTERN EUROPE AND USSR ..... 10

2.1 Enterprise Ownership ........•...••........... 10

2.2 Full Employment Policy ...........•........... 16

2.3 Egalitarian Wage System ........••............ 18

2.4 Reforms in the Eastern Europe and USSR 22

CHAPTER 3 REVIEW OF PRODUCTION FUNCTION APPROACH AND

EFFICIENCY WAGE THEORY 28

3.1 Neo-Classical Production Functions for the

Chinese Economy .....•.•...................... 29

3.2 Stochastic Frontier Production Function Approach

• • • • • • • • • • • • • • . • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 39

3.3 Zellner-Revankar Generalized Production Function

•••...•......., . • • • • • • • . • . • . . . • • • . . • . . . • . • . . . .. 48



vii

3.4

CHAPTER 4

4.1

Efficiency Wage Theory ....•.........•........ 52

THEORETICAL FRAMEWORK , ....•.........•........ 57

Basic Stochastic Frontier Production Function

Models ................•...•.........•........ 57

4.2 Estimation Procedure and Maximum Likelihood

Functions 62

CHAPTER 5

5.1

5.2

DATA AND EMPIRICAL RESULTS ..........•........ 68

Data Sources and Related Adjustment Issues ... 68

Empirical Results .................•.......... 80

5.2.1 Ordinary Least Squares (OLS) Estimations

• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 80

Main Issues and Empirical Findings 116

Policy Implications .......•................. 122

Suggestions for Further Study 126

............. , . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 129

90Maximum Likelihood (ML) Estimations

Enterprise Inefficiency, Disguised

Unemployment & Returns to Scale 102

5.2.4 Summary ....................•......... 113

CONCLUSIONS 116

5.2.2

5.2.3

CHAPTER 6

6.1

6.2

6.3

REFERENCES



Table

5.1.1

5.1. 2

5.1. 3

5.1. 4

5.1. 5

5.1. 6

5.1. 7

5.2.1

5.2.2

5.2.3

5.2.4

5.2.5

5.2.6

5.2.7

5.2.8

5.2.9

viii

LIST OF TABLES

Descriptive Statistics for Cement Manufacturing
Industry 76

Descriptive Statist i.cs for Coal Mining Industry . 76

Descriptive statistics for Cotton Textile Industry
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • . •• 77

Descriptive statistics for Domestic Machinery
Manufacturing Industry •••••••••.•.•.••......•... 77

Descriptive Statistics for Household Electronic
Appliances Industry ••••••••.•.•...•.•.•.....•... 78

Descriptive statistics for Iron & Steel Smelting
Industry 78

Descriptive statistics for Thermal Power Generation
Industry 79

OLS Estimates for Cement Manufacturing Industry. 82

OLS Estimates for Coal Mining Industry •.....•... 83

OLS Estimates for Cotton Textile Industry 84

OLS Estimates for Domestic Machinery Manufacturing
Industry 85

OLS Estimates for Household Electronic Appliances
Industry 86

OLS Estimates for Iron & Steel smelting Industry
• • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • • •• 87

OLS Estimates for Thermal Power Generation Industry
· . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 88

ML Estimates for Cement Manufacturing Industry,
Adjusted Data, 1985 .•.....•..•...••.•........... 92

ML Estimates for Coal Mining Industry, Adjusted
Data, 1985 93



Table

5.2.10

5.2.11

5.2.12

5.2.13

5.2.14

5.2.15

5.2.16

5.2.17

5.2.18

5.2.19

ix

ML Estimates for Cotton Textile Industry, Adjusted
Data, 1985· ................•..................... 94

ML Estimates for Domestic Machinery Manufacturing
Industry, Adjusted Data, 1985 ••••••••••••••••••. 95

ML Estimates for Household Electronic Appliances
Industry, Adjusted Data, 1985 ••••••••••••••••••• 96

ML Estimates for Iron & Steel Smelting Industry,
Adjusted Data, 1985 ••••••••••••••••••••••••••••• 97

ML Estimates for Thermal Power Generation Industry,
Adjusted Data, 1985 ••••••••••••••••••••••.•••••• 98

Percentage of Total Disturbance Variances Accounted
for by the One-sided Efficiency Disturbance •••• 100

Output Elasticity Differences Between ML and OLS
Estimates 102

Average Enterprise Inefficiency in Selected Chinese
Industries, 1985 ..•............•............... 105

Average Disguised Unemployment in Selected
Chinese Industries ••.••••.••••••••••...•.•.•••. 107

Average Elasticity of Returns to Scale in Selected
Chinese Industries, 1985 ••••••••••.•.•.....•••• 109



Figure

3.2.1

x

LIST OF' FIGURES

Page

Measures of Eff iciency ...............••......... 4a



1

CHAPTER 1

INTRODUCTION

1.1 Background

China is the largest country in the world with a

population over 1.1 billion. In the early 1950s, institutions

for centrally planned state socialism were established, mainly

following the Soviet model. since then, China has been

applying policies of state ownership, full employment and

egalitarian wages in its urban industrial sector. Although

these policies laid the foundation for the economic security

of the people and the continuation of the state socialist

regime, they have contributed to the problems of low

enterprise efficiency and labor productivity.

It has been argued that the Chinese urban industrial

enterprises are centrally controlled by the bureaucratic

state, are not subject to market mechanisms, and have no

incentive to maximize profits or minimize production costs

(Prybyla, 1987, p.259; Shirk, 1989). It has also been argued

that workers in Chinese urban industrial enterprises have few

economic incentives to be productive. There is no substantial

involuntary (or deficient) unempLoymerrc", and wage

differentials are very small compared with other countries.

The off icial explicit unemployment rate for the
industrial sector has been about 2 percent in the 1980s (State
statistical Bureau, 1990) .

._---- ----- -----_._---
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Many have noted the serious labor redundancy and "on-the-job"

disguised unemployment in the Chinese urban industrial sector

(Tu, 1989i Wang, 1990, p.31i Zhang, 1991).

Many Western economists have inferred from the command

economy paradigm, as well as from international comparisons,

that Chinese urban industrial enterprise inefficiency is

substantial and labor productivity is very low (Cheung, 1990i

Chow, 1985, pp.134-154i Friedman, 1990). Milton Friedman and

others, who are strong advocates of the free private market

economy's "invisible hand", recommend the following reforms in

China: (1) industrial prices and wages should be decontrolled

as rapidly and as fully as possible, and (2) centralized

government controls of the economy and state enterprises

should be replaced by decentralization and private control

(Friedman, 1990, pp.122-123). On the other hand, economists

specializing in state socialist institutions in the Eastern

Europe, the former USSR and China have found that although

socialist economies have inefficient aspects, the free private

market economies are not perfect models for reforming

socialist developing countries since a significant and sudden

transition toward a market economy might create new

distortions and imbalances (Nee and Stark, 1989, pp.11-17).

China started its economic reforms in 1978 with Deng

Xiao-Ping's return to political power. The impact of reforms

on Chinese industrial enterprises has been substantial,

especially since the decision to press forward with urban
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reforms in 1984. In the 1980s, the rapid economic and

political reforms in the Eastern Europe and former USSR had a

great influence on encouraging Chinese economic reforms. The

recent economic and political instability in these countries

has made the Chinese leaders skeptical about the consequences

of the economic reform. However, enterprise ownership by the

state, the universal policies on full employment and

egalitarian wages are being adjusted gradually in order to

improve economic efficiency.

1.2 objectives

Enterprise inefficiency and disguised unemployment are

major concerns of the Chinese government. The major

objectives of this study are: (1) to determine the extent of

urban industrial enterprise inefficiency and disguised

unemployment, (2) to relate inefficiency to government

pOlicies of state ownership, full employment and egalitarian

wages, and (3) to make feasible suggestions concerning further

economic reform. Enterprise inefficiency and disguised

unemployment are defined relative to internal Chinese best

practice standards, and not relative to international

standards. Several questions are proposed and answered.

These include:

(1) How can enterprise inefficiency be measured?

(2) How much of the enterprise inefficiency is due to the
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Chinese government policies of state ownership, full

employment and egalitarian wages?

(3) What is the average disguised unemployment level

among urban industrial enterprises?

(4) What is the average returns to scale in production

among urban industrial enterprises?

(5) What are major differences among the Chinese state

and collective-owned, large and medium, capital- and labor

intensive urban industrial enterprises in terms of enterprise

inefficiency, disguised unemployment and returns to scale?

(6) How could levels of enterprise inefficiency and

disguised unemployment be reduced and returns to scale be

increased by suitable reform measures?

Micro enterprise-level data from the 1985 Chinese

Industrial Census are employed to answer these questions.

Seven industries, which have relatively large samples, are

chosen for this study. These industries are divided into

capital-intensive and labor-intensive. Enterprises are

divided into state-owned and collective-owned, large and

medium size groups.

1.3 significance of the Study

The focus of this study, enterprise inefficiency and

disguised unemployment in the Chinese urban industrial sector,

is of critical concern to China's future. The methodology of

- - -- .._--_.._---
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this study, which combines a stochastic frontier production

function and efficiency wage theory into a Zellner-Revankar

generalized production function framework, is innovative,

especially for analysis of the Chinese economy. This study

uses this approach to distinguish differe~~ levels of

enterprise inefficiency, disguised unemployment and returns to

scale among the Chinese urban industrial enterprises with

different ownership, size and capital intensity.

The analysis of enterprise inefficiency and disguised

unemployment is very important to the Chinese government's

economic reform policies aimed at improving enterprise

efficiency, labor productivity growth (wage system reform,

inter-enterprise or inter-industry labor transfer) and overall

economic development.

Previous studies have often used conventional neo

classical Cobb-Douglas type production functions to analyze

labor productivity in the Chinese economy. The conventional

neo-classical production functions can reflect the average

production technology. However in China, as in the other

centrally planned countries and some regulated sectors of the

more developed countries, a firm or a farm's output is usually

below the best-practiced production frontier. The

conventional neo-classical production functions cannot capture

the best-practiced production frontier. They do not allow us

to measure enterprise inefficiency and, therefore, they are

not very useful for the analysis at hand (Farrell, 1957).

- ------------------- --------
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In the late 1970s, several scholars developed an approach

called the stochastic frontier production function to deal

with situations where the market is highly regulated and

uncompetitive, and to measure the possible technical

inefficiency (Aigner, et al., 1977). The Journal o~

Econome~rics published two annals in 1980 and 1990 to reflect

the advances of theoretical and applied work in this area.

Whereas this approach is more useful than the conventional

neo-classical production function approach in analyzing

centrally planned economies, no one has applied it to China.

The only application to a centrally planned economy is one

study for the Soviet Union's cotton refining industry (Danilin

et al., 1985). I will apply the stochastic frontier

production approach to examine inefficiency in Chinese urban

industrial enterprises.

In empirical studies of production, one model has been

long-ignored by economists. This is the Zellner-Revanlcar

generalized production function (Zellner and Revankar, 1969).

In contrast with the many production functions currently used,

which assume the same returns to scale at all levels of

output, the Zellner-Revankar production function permits

returns to scale to vary with the level of output according to

a preassigned function. The preassignment can be determined

by maximum likelihood estimation or by Bayesian prior

information. This study demonstrates that the Zellner

Revankar generalized production function is a more flexible

._---_._----------------
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and general functional form than the Cobb-Douglas type

production function.

Efficiency wage theory explains why an employer's

production costs may be reduced if it pays a wage in excess of

the market clearing level. These wage premiums may help to

reduce turnover, prevent worker malfeasance and coLl.eo'tLve

action, and attract higher quality employees. It also

provides a coherent explanation of actual and disguised

unemployment (Akerlof and Yellen, 1986). This study tries to

demonstrate that, for the average production technology,

efficiency wages can play an important role in reducing

disguised unemployment and in stimulating labor productivity

growth. However, on the best-practiced production frontier,

wage increases do not necessarily improve enterprise

efficiency. This study will show that, like the conventional

neo-classical production function, the efficiency wage theory

is only valid for the special case when the market is in

equilibrium. It can be applied to the general case only if we

combine it with the stochastic frontier formulation.

The major findings of this study can be applied to other

labor surplus, socialist or less developed economies in the

world when some of the prior assumptions are relaxed.
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1.4 organization of the study

Chapter 2 describes institutional arrangements in the

Chinese urban industrial sector. It reviews the three major

institutional factors related to low enterprise efficiency and

labor productivity in the Chinese economy: enterprise

ownership, full employment and egalitarian wage policies. A

review of the reforms in the Eastern European countries and

the former USSR is added for background.

Chapter 3 reviews the previous studies related to this

topic. It begins with a discussion of estimated neo-classical

production functions for the Chinese economy. It then

examines the Li,terature on stochastic frontier production

functions, Zellner-Revankar generalized production functions,

and efficiency wage theory.

Chapter 4 proposes the Zellner-Revankar type generalized

stochastic frontier production function model used in this

study, and presents three different types of maximum

likelihood functions for estim~ting it.

Chapter 5 first discusses the available enterprise-level

data from the 1985 Chinese Industrial Census and the related

data adjustment issues. It then presents ordinary least

squares (OLS) and maximum likelihood (ML) estimations of the

industry-specific models. Enterprise inefficiency rates,

disguised unemployment rates and elasticities of returns to

scale are calculated. The effects of output elasticities for



the major findings and policy

suggestions for further study are

9

capital, labor and wage on enterprise efficiency are presented

by comparing the difference between the coefficients of the ML

best-practiced stochastic production frontier and the OLS

average production technology. The 1985 Chinese industrial

census data do not provide enough information for cost

function analysis, so this study examines only technical

efficiency. It does not examine allocative or other types of

inefficiency.

Chapter 6 summarizes

implications of this study.

proposed.
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CHAPTER 2

INSTITUTIONAL ARRANGEMENTS IN CHINESE INDUSTRIAL SECTOR

AND REFORMS IN EASTERN EUROPE AND USSR

China adopted the soviet style centrally planned state

socialist model in the 1950s, so the institutional

arrangements in the Chinese urban industrial sector are quite

different from those in the West. This Chapter gives a brief

description of three major institutional factors related to

enterprise inefficiency and disguised unemployment: enterprise

ownership, full employment and egalitarian wage policies. A

review of the economic and political reforms in the Eastern

Europe and the former USSR, with a comparison with the Chinese

economic reform, is given at the end of this chapter.

2.1 Enterprise ownership

The People's Republic of China was inaugurated on October

1, 1949. The Chinese socialist government had a formidable

task to achieve state power at that time. In keeping with the

Communist Party's ideological belief and the expectations of

its political base, institutions for central planning were

established, mainly following the model of Soviet Union, and

a policy of transferring private enterprise ownership to state

and collective ownership was adopted. Under this policy, the

major large and medium industrial enterprises were confiscated
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and nationalized in the early 1950s. By 1956, private

enterprise in industry was virtually eliminated (Riskin, 1987,

p.43). From 1956 to 1966, the beginning of the Cultural

Revolution, the former capitalists received in return fixed

interest payments for giving up ownership and control of their

enterprises.

Nationalized industrial enterprises were controlled by

industrial ministries established under the state Council.

Two main types of enterprise ownership were adopted. One is

state ownership, and the other is collective ownership. The

state-owned industrial enterprises' means of production and

products (or income) are owned theoretically by the whole

people, but actually by the state. They constitute the

backbone of the country's economy and include all industrial

enterprises run by central and local government departments,

army units, scientific research institutes, schools and

people's organizations. The collective-owned industrial

enterprises are owned collectively by the people working in

the enterprise, but they are still SUbjected to the state's

partial control in capital investment, wage systems and

resource allocation. They supplement the Chinese economy and

include all industrial enterprises run by cities, counties,

towns and rural townships (or people's commune) (Beijing

Review, Feb. 11, 1980, pp.13-16i Perkins, 1988, p.604).

In 1985, the state-owned enterprises accounted for 85

percent of the total net value of fixed industrial dssets in
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the country, 70 percent of the country's total industrial

output value, and 69 percent of the country's industrial

workers and staff (38.145 million people) (state statistical

Bureau, 1986).

Before economic reforms, state- and collective-owned

enterprises were similar in terms of management and

organizational structure. The administrative organization was

headed by a general manager under the leadership of the

Communist Party committee. Several deputy managers assist the

general manager. There were usually three levels of

administrative organization in an industrial enterprise. The

general manager's office was at the top level. At the second

level, for the production line organization, there were

several production workshops, each headed by a director and

deputy directors, who were responsible for production plans,

technical problems, and personnel matters in their respective

workshops. Below the level of the workshops were work groups,

which were headed by a supervisor.

Also at the second level, for staff organizations which

were parallel to production line organizations, there were

several function sections, such as the technical research

section, accounting section, labor and personnel section,

supply and marketing section, etc. Under the direct

leadership of general manager, the chiefs of the various

sections directed and supervised the activities of these

enterprise (Tung, 1982, p.178-204).
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Before economic reforms, state-owned enterprises were

considered superior and were emphasized, and collective-owned

enterprises were called the "tails of capitalism" and were

discouraged. Dur ing economic reforms, the Chinese government

realized that the superiority of a type of ownership should be

measured by the economic results, and different types of

ownership should coexist in order to compare their economic

performances (Tung, 1982, pp.54-55).

There were two major differences between state- and

collective-owned enterprises before economic reforms. First,

collective-owned enterprises usually had a less rigid

organizational hierarchy, because the Communist Party

Committee' s leadership there was relatively weak. Second,

state-owned enterprises received investment from the state and

they did not generally assume responsibility for their profits

and losses, due to the "soft bUdget constraint". Collective

owned enterprises, on the other hand, could not get investment

directly from the state. They were formed primarily through

merging several cooperatives and individual producers, and

they had to assume responsibility for most of their own

profits and losses. Their profits and losses were shared by

all collective-owned enterprises within the local Industrial

Administration Bureau, which wa.s responsible for managing the

collective-owned enterprises. Their bUdget constraint was

relatively harder (Kornai, 1989, pp.44-45i Perkins, 1988,

p , 6161 i Tung, 1982, p. 207) . Because of this, the Chinese
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state-owned enterprises generally operated less efficiently

than the collective-owned enterprises.

Starting from 1978, when Chinese economic reforms began,

the government encouraged more enterprises to adopt collective

ownership. Most large- and medium-sized urban industrial

enterprises established after 1978 were collective-owned

(Beijing Review, November 10, 1980, p.20). These enterprises

tend to have more reform-oriented managerial personnel and

newer vintage equipment than the state-'owned enterprises. So,

during the reform period, the collective-owned enterprises as

a whole probably operate more efficiently than before.

Theoretically, both state-owned and collective-owned

enterprises could select managers through a democratic

election process. But until now, only collective-owned

enterprises use democratic elections to select their managers.

The managers in state-owned enterprises are still appointed by

the central and/or local government.

Collective-owned enterprises are ultimately responsible

for their own profits and losses. They retain the profits

made (after payment of taxes) to be used for reinvestment,

bonuses and other purposes. Before economic reform, state

owned enterprises did not generally assume responsibility for

their profits and losses due to the "soft budget constraint".

They had to hand over all profits to the state and applied for

allocation of reinvestment funds, bonuses, etc. Since the

mid-1980s, the bUdget constraint has been hardened
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sUbstantially for the state-owned enterprises. Now they have

to take responsibility for part of their losses and can keep

part of their profits. Their capital and investment come from

their own funds and/or from the banks at government-determined

rates of interest. The government can use the determined

rates of interest to control the financial situation of an

enterprise, so there are still obstacles for Chinese

enterprises to move from a bureaucratic to a market economic

system (Perkins, 1988, pp.616-617).

For collective-owned enterprises, the rules governing the

operation, major decisions and appointments of managers are

determined by a workers' general meeting or trade union. If

an enterprise does not meet expectations, workers can elect

new managers. For state-owned enterprises, the rules

governing the operation, major decisions and appointments of

managers are determined by central and/or local government

departments. If an enterprise does not meet expectations,

workers cannot elect new managers. Only the central or local

government can decide whether or not to change the managers.

Suppose a state-owned enterprise was successful and

wanted to expand, it has to apply to the state or local

government for additional land, labor and capital investments.

Those land and capital investments are owned by the state.

The state benefits most from higher productivity, since the

state-owned enterprises keep only part of their profits.

Suppose a collective-owned enterprise was successful and
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wanted to expand, it has to apply to the state or local

government for additional land. However, it can hire more

labor in the labor market and use profits or bank loans for

new capital investment. Land is owned by the state, while the

capital investments are owned by the enterprises. Collective

owned enterprises benefit from higher productivity, since they

can keep most of the profits for reinvestment and bonuses.

2.2 Full Employment policy

According to the full (universal) employment policy,

adopted since the early 1950s, in urban industrial

enterprises, agencies, or institutions, everyone holds a life

time job with guaranteed security against dismissal and

demotion. This is unbreakable like an "iron rice bowl". Over

the past several decades, employment of staff and workers was

centrally allocated by labor departments with little regard to

worker preferences and skills, as Nell as the needs of the

enterprises. state-owned enterprises did not have autonomy in

personnel matters, while at the same time, staff and workers

had no right to choose their jobs. As a result, state-owned

enterprises had labor they did not need but were powerless to

fire. Several scholars believed that about 20 percent of the

industrial labor force in China to be surplus in this sense

(Tu, 1989; Wang, 1990; Zhang, 1991). The policy of full

employment was a major cause of disguised unemployment and

---- ---- --------
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labor redundancy. It depressed enterprise efficiency, labor

productivity, and retarded economic development.

The situation in collective-owned enterprises was a

little better, but their power in personnel matters was also

limited. Most of the managerial, technical personnel and

skilled workers were hoarded by state-owned enterprises where

they might have little or nothing to do. They were not free

to take suitable jobs in collective-owned enterprises or

elsewhere.

In the early 1980s, the Chinese government noted that

economic incentives should be related to performance, i.e.,

good performance should be rewarded and poor performance

should be punished. To improve labor productivity and raise

incentives, the lIiron rice bowl ll and egalitarian wage system

have been reformed.

Now, the II iron rice bowl II can be broken by both the

enterprises and employees in limited cdrcumat.ances . In

principle, the state-owned enterprises can examine prospective

employees assigned to them by the government labor departments

and are allowed to dismiss unsatisfactory employees. At the

same time, the employees also have the right to choose their

jobs. There exist some IIjob contracts II between enterprises

and new employees, specifying mutual obligations in regard to

wages, performance standards, contract renewal, and severance

(World Bank, 1985). The personnel managerial systems in

collective-owned enterprises are subject to little



18

administrative regulation by the central government, thus the

managers in collective-owned enterprises have more autonomy in

personnel matters.

But these reforms have not fundamentally changed the

system. The" iron rice bowl" is cracked but not broken in

most circumstances. Enterprises can seldom hire badly needed

skilled staff and workers from other enterprises where their

skills may be less valuable. They are still obliged by the

government labor departments to accept "packages" containing

both wanted (i. e. male, skilled, etc.) and unwanted (i. e.

female, unskilled, etc.) recruits. They cannot discharge

redundant employees, and they have been allowed to dismiss

unsatisfactory workers only in a few instances , involving

extreme absenteeism or malfeasance.

2.3 Egalitarian Wage System

China also adopted the soviet style egalitarian wage

system in the early 1950s. In Chinese large and medium sized

urban industrial enterprises, wage scales were divided into

those for cadres and those for workers. Cadres were governed

by a twenty-five-grade wage scale, and workers were governed

by an eight-grade wage scale. The wage scales were

differentiated according to variations in experience and

especially in seniority. The basic wage scales were not

determined by enterprises themselves, but stipulated by the
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central government, varying among occupations, sectors, and

localities (Kraus, 1982, p.269). Usually, staff and workers

in state-owned industrial enterprises earned higher wages than

those in collective-owned industrial enterprises because

state-owned enterprises received more government subsidies.

Although variations existed, the wage range was very uniform

across enterprises in different industries and locations

(Tung, 1982, p.141).

Government emphasis was placed on the reduction of wage

differentials and equality of income distribution, so no

matter how the state- and collective-owned industrial

enterprises were managed, and what economic profits they

achieved, wages would be given according to the central

government's unified wage standards. For example, the staff

and workers in the well-managed collective-owned enterprises

with high economic profits could not have their wages raised,

while those in the ill-managed state-owned ones with poor

economic performance would not have their wages cut.

Egalitarianism also existed among individual staff and

workers. Within an enterprise, the staff and workers with the

same seniority were given about the same wages, irrespective

of their work performance or type of jobs -- mental or manual,

simple or complex, heavy or light. That is to say, those who

differed greatly in technical levels and in productivity were

being paid almost the same.

Under such an egalitarian wage system, state-owned
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enterprises on the whole did not have any real power in wage

distribution, and even collective-owned enterprises, which are

sUbjected to less government direct central planning control,

did not have much power in setting wage structure. Obviously,

the function of wages as an economic lever was weakened.

Managerial initiative, workers' incentives for production and

labor productivity suffered. The egalitarian wage system was

very inefficient.

To improve labor productivity and raise people's

incentives, the government recognized that wages should be

linked to the quantity and quality of work, and distribution

of wages should be more flexible (Perkins, 1988). Rigid

egalitarianism was seen as an impedient to increasing

enterprise efficiency and labor productivity.

In the early 1980s, the Chinese government began to

reform the wage system and tried to implement the principle of

wages according to work performance. For example, in the

state-owned enterprises, wages can reflect two levels of

performance the overall performance of the enterprise and

the individual performance of workers. Efficient enterprises

should receive higher general levels . Productive workers

within enterprises should be paid more. In this way, the

problem of state-owned enterprises eating from the state's

"same big pot", and the problem of individual staff and

workers eating from an enterprise's "same big pot" can be

overcome (World Bank, 1985).
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Now collective-owned enterprises have considerable

freedom to set their own wages. Before 1979, wages in

collective-owned enterprises could not exceed those in state

owned enterprises. In June 1979, this limitation was lifted

in order to stimulate production in collective-owned

enterprises. since then, the wage system in collective-owned

enterprises has been reformed. Wages are now differentiated

on the basis of workers' skill and seniority, and the

principle of "more work, more pay" has been adopted.

For example, to be eligible for a wage increase, the

worker's working attitude, achievements, skill and seniority

must be democratically appraised by their coworkers. Based on

such assessments, managers determine a list of workers who are

eligible for wage increases and their different levels of

increase. A bonus system was introduced in 1978 and now it

averages 25-35 percent of the workers' basic wage (Tung, 1982,

p.143). This current system of using bonuses as an incentive

lever helps the workers and staff to see the relationship

between hard work and more money, and it could have a

significant effect in improving labor productivity.

In the early 1980s, the Chinese government began to

reform the wage system in the state-owned enterprises and

tried to implement the principle of wages according to work

performance. In this way, the problem of state-owned

enterprises eating from the state's "same big pot", and

individual staff and workers eating from an enterprise's "same
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big pot" can be overcome (World Bank, 1985). However, these

reforms have not fundamentally changed the wage system in

state-owned enterprises. In most circumstances, the main

dt:=lei:'Jilinant of earnings remains the centrally prescribed wage

scales, which have changed very little and are extremely

egalitarian. Bonuses have become general wage supplements,

distributed to almost all staff and workers in the enterprise,

often with little regard to the performance of either

enterprises or individuals. state-owned enterprises still

have little discretion regarding wages (World Bank, 1985).

2.4 Reforms in the Eastern Europe and USSR

The pre-reform economic institution of Chinese state

socialism originated in the former USSR. Recent economic

reforms in China are also greatly influenced by the economic

and political reforms in the former soviet bloc. A review of

the reforms in these countries, therefore, is added for

background.

Centrally planned state socialism was first introduced in

the USSR in the late 1920s by Stalin, and was transplanted to

the Eastern European countries after World War II in the late

1940s, and to China in the 1950s (Prybyla, 1987, p.12).

In a centrally planned .state socialist economy, all

industrial enterprises are under the control of various

government ministries. The ministries, in turn, are under the
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control of the state Council, which includes a state Planning

Commission and other organizations dealing with the physical

rationing of key production inputs -- capital investment and

labor employment, and wage determination. The industrial

enterprises' output targets are set by the government, and

they have to surrender their profits and depreciation funds to

the state treasury (prybyla, 1987, p.23).

The basic objective of state socialism is to use

centralized planning and control of economic activities to

achieve a very high rate of economic development. Not all

economic sectors, however, are promoted equally. The result

is an unbalanced economic development with chaotic enterprise

inefficiencies, like low labor and capital productivity, poor

quality and quantity of output, and slow rates of

technological and product innovation (Brown and Neuberger,

1988, p.185).

In the second half of the 1950s, several Eastern European

countries tried to carry out economic reforms: Poland in 1956

57, Czechoslovakia in 1958, and Hungary in 1956. Hungarian

reform was abandoned after a bloody soviet military invasion.

The second wave of economic reforms came in the 1960s.

The Czechoslovakia spring was also suppressed by soviet

military invasion, and one of two Polish attempts ended with

the massacre of the workers on the Baltic coast. The

Hungarian New Economic Mechanism (NEM) ,

successfully introduced in January 1968.

however, was
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In the 1970s, economic reform attempts were formally

condemned in East Germany and Czechoslovakia, and abandoned in

other countries in the soviet bloc. The only exception was

Hungary, where the New Economic Mechanism survived.

Due to increasing pressure of economic difficulties, the

countries in the soviet bloc once again displayed a strong

reform tendency in the 1980s. The Hungarian market-planning

mixed economy significantly changed the institutional

arrangements of state socialism and decentralized the decision

making process. Poland's reform blueprint was quite

comprehensive. BUlgaria moved in the same direction toward

economic decentralization and market-planning mixed economy.

Moreover, the former USSR started to adopt reforms, which

helped to accelerate the reform processes in the Eastern

Europe and China (Brus, 1989).

Hungarian economic reform is a good representative of

reforms in the Soviet bloc. The Hungarian economy is close to

a "market socialist system". Janos Kornai, a famous Hungarian

economist, summarized the major characteristics of Hungarian

economic reforms in 1989. (1) The mandatory plans were

abolished in the state-owned enterprises. (2) State-owned

enterprises in the reformed Hungarian economy operate in a

dual dependence condition. They depend vertically on the

bureaucracy and horizontally on their suppliers and customers.

(3) The majority of prices ceased to be administratively

determined by the state. (4) The top managers in most
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enterprises are no longer appointed by the state but are

elected by the employees. (5) Absolute ceilings on total

wages and mandatory employment quotas were abolished. (6) The

budget constraint has been hardened and the enterprises are

responsible for the losses and profits (Kornai, 1989, pp.32

94) •

There were similarities and dissimilarities between the

economic reforms in the former soviet bloc and in China. The

major similarities were as follows. (1) with Deng's coming to

power in 1978 and Gorbachev in 1985, both the Chinese and the

soviet bloc recognized that it was not inappropriate policies

alone, but centrally planned state socialism itself that might

be at fault. (2) The major problems were remarkably similar 

-low quality and quantity of output, chronic shortages of

consumer and producer goods, massive waste in capital and

labor inputs, egalitarian inefficient wages, severe resource

misallocation, low enterprise efficiency and motivation. (3)

The general direction of reforms was similar in moving toward

decentralization and diffusion of decision making power

regarding production, exchange and distribution. (4) There

was no well-planned theoretical blueprint which could tell

what the final outcome would be, how much disruption would be

caused and how to overcome the problems of inefficiency,

waste, shortage, misallocation and inferior quality (Perkins,

1988; Prybyla, 1990, p.72-78).

The major dissimilarities were as follows. (1) The
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Chinese government adopted economic reforms only, while in

Eastern Europe and the former USSR both economic and political

reforms were adopted at the same time. (2) China started

reforms in the agricultural sector first, then moved to the

industrial sector. Eastern Europe and the USSR began their

reforms in the industrial sector, which did not yield

immediate tangible benefits to consumers (Lin, 1989). (3)

Unlike Eastern Europe and the USSR, China did not reform the

price structure fUlly in preparation for market reform, but

instead continued to rely primarily on a central price

determined system. The Chinese government has been unwilling

to shift to market-determined prices because of the political

complexity and costs (Nee and Stark, 1989, p.18). (4) In

China, low labor productivity and disguised unemployment were

more severe than that in the Soviet bloc.

Starting from 1989, the economic and political reforms in

Eastern Europe and the USSR became more radical, moving toward

a decentralized private market economy and independent

nationalism. Shortage, unemployment, acceleration of

inflation, deficits in trade balance, the growing burden of

indebtness, and liquidity troubles became more severe than

ever. The Soviet bloc finally collapsed by the end of 1991

with president Gorbachev's Christmas resignation. Recently,

the average inflation rate in Eastern European countries and

the former USSR is around 100 percent and the level of

economic crises is more severe than that in the Great
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Depression (People's Daily, April 13, 1992, p.G; April 24,

1992, p.G). The current political and economic instability in

the former soviet bloc has made the Chinese government more

cautious toward further economic reform, especially price

reform, which was the major cause in leading to serious

inflation and unemployment in the former Soviet bloc.

However, the Chinese pOlicies of enterprise ownership by the

state, universal full employment, and egalitarian wages are

being adjusted gradually in order to improve the economic

efficiency.
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CHAPTER 3

REVIEW OF PRODUCTION FUNCTION APPROACH AND

EFFICIENCY WAGE THEORY

Economists have used the production function approach to

analyze enterprise efficiency and labor productivity. western

economists before the 1970s, as do Chinese economists today,

generally used the neo-classical production function. The

conventional neo-classical production function reflects the

average production technology. However in China, as in the

other centrally planned countries and some regulated sectors

of the more developed countries, a firm or a farm's output is

usually below the best-practiced production frontier, and

conventional neo-classical production functions cannot capture

the best-practiced production frontier. They do not allow us

to measure enterprise inefficiency and, therefore, they are

not very useful for the analysis at hand (Farrell, 1957). In

the late 19705, several scholars developed an approach called

the stochastic frontier production function to deal with

situations where the market is highly regulated and

uncompetitive (Aigner, et al., 1977). The Journal of

Econometrics publ.ished two annals in 1980 and 1990

respectively to reflect the advances of theoretical and

applied work in this area. Although this approach is more

useful than the conventional neo-classical production function

in analyzing the Chinese economy, no one has done so. There
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is one application for the soviet union (Danilin et al.,

1985) •

This Chapter first reviews the neo-classical production

functions employed in studying Chinese labor productivity. It

then surveys the development of the stochastic frontier

production function approach. Cobb-Douglas type production

functions are the most commonly employed models in empirical

studies of productivity. The Zellner-Revankar generalized

production function (Zellner and Revankar, 1969) has several

advantages over Cobb-Douglas functions. section 3.3 provides

a survey of the development of the Zellner-Revankar

generalized production function. Efficiency wage theory,

which provides a mean for analyzing the wage-productivity

relationship, is surveyed in section 3.4.

3.1 Neo-Classical Production Functions for the Chinese

Economy

Previous studies have used conventional neo-classical

Cobb-Douglas type production functions to analyze labor

productivity in China. If the production function is of the

Cobb-Douglas type with two inputs, a sectoral production model

would be represented as follows:

(3.1.1)

Profit is defined under perfect competition
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Its maximizing conditions are:
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(3.1.2)

where Q,L, and K represent quantities of output, labor and

capital inputs respectively; p, w, and r represent their

respective prices; n represents profit; and u represents a

technical random disturbance term, reflecting the efficiency

of the production process.

Taking natural logarithms of the production function and

first order conditions for profit maximization yields the

linear system:

(3.1.5)

(3.1.6)

(3.1.7)
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where a o = Ina, v and VI are the economic disturbance terms

affecting the attainment of the two profit maximization

conditions (Zellner et al., 1966, p.785).

In most empirical studies, economists use only the single

equation method estimating equation (3.1.5) or one of its

generalizations (i.e., CES, VES, translog production

functions, etc.) to analyze labor and capital productivity in

China. They all implicitly assume profit maximization under

perfect market competition, which is actually not true in the

Chinese setting.

Chow (1985) used equation (3.1.5) and annual aggregate

time series data to analyze the Chinese state-owned industrial

sector. He found that the long term trend of multifactor

productivity in Chinese industry was flat. In his model, Q is

measured by the gross value of industrial output in billions

of 1970 Yuan, L is employment in millions of workers, and K is

the original value of fixed assets in billions of 1970 Yuan.

These unadjusted aggregate data are problematic, because no

effort is made to correct for distortions in the measurement

of factor inputs. Inclusion of non-industrial resources in

both the capital and labor inputs might lead to biased

estimates.

Chen et al. (1988) used equation (3.1.5) and one of its

generalizati.ons, the translog production function, to analyze

the productivity change in Chinese industry from 1953 to 1985.

Their translog production function is of the form
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(3.1.8)

where t represents a time trend and g represents the

exponential rate of Hicks-neutral technical change.

Chinese industrial enterprises provide their staff and

workers with a variety of nonproductive service facilities

(e.g. housing, schools, health clinics and stores), and the

inclusion of these nonproductive investments and related

personnel in the capital and labor measures create serious

problems in analyzing industrial productivity. Chen et ale

used the share of nonproductive residential housing in total

capital as a proxy to adjust the data. They calculated the

elasticities of sUbstitution for labor and capital, but they

treated the labor and capital inputs as fully utilized and did

not address the possible enterprise inefficiency and disguised

unemployment. They found that once non-industrial resources

were excluded from published factor input data, and fixed

assets were corrected for inflation, China's state-owned

industry showed a positive rate of multifactor productivity

growth over the 1953-1985 period, with productivity growth

accelerating from the late 19705.

Using aggregate annual time series data to estimate a

Cobb-Douglas production function, McMillan et al. (1989)

analyzed the impact of China's economic reforms on

agricultural productivity growth in the period 1978-1984.



33

They assumed that a peasant can choose the efficiency with

which he or she works. Their "technical" production function

was written as

(3.1.9)

where O<e<l is the effort of a typical peasant and alis the

share parameter on factor inputs. Thus, eL is the efficiency

units of labor contribution to output.

McMillan et ale (1989) measured effort e by

1

e* = (l)cxocxlPpkl-1I1) Z-1I1 (3.1.10)

where ~ is the fraction of the additional revenue generated

that the peasant is allowed to keep (~=1 under the post-1978

responsibility system, O<~<l under the pre-1978 communal

system), p is the price at which an additional output is sold,

k is the capital/labor ratio, and z>l is the work-disutility

coefficient.

This approach to representing the labor input is similar

to that underlying the efficiency wage model, but here they

described e as "effort". It should be interpreted broadly to

include everything that determines the effective quality of

labor -- € might be increased not only by inducing the

peasants to exert more effort but also by encouraging the use
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of managerial talent or by removing restrictions on the kinds

of tasks a peasant may undertake, thereby allowing labor to

flow to its most productive uses.

The individual peasant's income is given by

y = Ppq + C (3.1.11)

where p is the price at which an additional output is sold, q

is the quantity of output produced by the peasant, ~ is the

fraction of the additional revenue generated that the peasant

is allowed to keep, and C is a constant.

By assuming that peasants receive utility from income but

dislike effort, they modeled the utility function as

eZ
U(y,e) =y- Za (3.1. 12)

where work~disutilitycoefficient Z>l, and 0>0 are constants.

Substituting (3.1. 9) and (3.1. 11) into (3.1. 12), and

optimizating with respect to e imply that the optimal effort

e· satisfies

1

e* = (O«o«lPpk 1
- CX 1

) Z-cx 1

where k represents the capital/labor ratio.

(3.1. 13)
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For a given k,

(3.1.14 )

which shows the effective quality of labor in year i relative

to year j, as a function of the institutional arrangements

( i. e. the (3j and (3j) and prices.

This approach captured the optimizing effort decisions of

peasants. McMillan et al. concluded that the peasant's effort

expands as either the prices of agricultural products or the

shares of the additional revenues they receive increase. This

study, however, treated labor and capital inputs as being

fully utilized and did not address any enterprise

inefficiency, disguised unemployment and shortage problems.

Based upon cross sectional data from 293 counties in

1984, Jefferson (1989) investigated the potential sources of

productivity growth within Chinese industries and estimated

differences in factor returns between state and collective

enterprises and between heavy and light industries. His model

is stated as

(3.1.15 )

This model specifies that, at the county level, the average
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level of labor productivity (Q/L) is a function of the average

capital labor ratio (K/L), average firm size (Q), and number

of industrial firms within the county (NT). Jefferson showed

that substantial efficiency gains can be achieved through

technology transfer from the state to the collective sector,

and through the redirection of investment and labor from the

state to collective sectors.

Jefferson (1990) used data for 120 iron and steel firms

reported in the Chinese Iron and steel. Indus"try Yearbook 1986

and a two-factor translog production function, equation

(3.1.8), to identify the sources of productivity variation and

evaluate the industry's historical productivity performance.

He found that substantial efficiency gains are attainable from

a more rational allocation of labor and investment resources

with a view toward achieving scale economies and allocative

efficiency. Important preconditions to achieving improved

levels of allocative efficiency are the development of product

markets to signal meaningful scarcity prices and national

capital and labor markets that can serve to allocate capital

and labor to the more efficient firms.

Lee (1990) used 1985 Industrial Census data for the steel

industry to analyze the "reformed model of the Chinese firms",

which is defined by him as the combination of the contract

management system, managerial responsibility system and

internal contract system. The basic model employed is
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(3.1.16 )

where Q is net output; K is capital stock; L is total

employment; Z is a dummy variable for different reform

measures; F is a vector of 4 firm characteristics (the

proportion of nonmanagerial workers, the proportion of

temporary workers, the proportion of skilled workers and the

ratio of export to total sales). By introducing three dummy

variables to parameterize the adoption of different reform

measures, Lee found that the isolated adoption of any single

reform measure (i.e, contract management system, managerial

responsibility system and internal contract system) has no

significant effect on output, while some combinations of these

reform measures are shown to have positive output effects.

The size of the overall reform effect is small, less than 3

percent when the effects of original firm superiority are

taken into account. The industrial census data are not

adjusted for the inclusion of the nonproductive components in

the capital, labor and wage inputs. Furthermore, the

conventional production functions he employed are problematic

since the Chinese industrial sector is highly regulated and

not competitive.

Using micro level 1985 Industrial Census data, Wang

(1990) applied the Cobb-Douglas type production function to

analyze large and medium firms in 11 Chinese industries during

the transitional reform period. These 11 industries are
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television, bicycle, cotton spinning, metal cutting machine,

steel rolling, sugar refining, coal mining, alkaline,

plastics, paper and thermal power. For each industry, the

conventional two-factor Cobb-Douglas production function

(3.1. 5) and a non-restricted four-factor Cobb-Douglas

production function (see below) are estimated.

(3.1.17)

where Q is the net output, K is the fixed assets, La is the

nominal labor input, W is the wage rate, and M is electricity

or energy used. His estimation method was the "simplex"

nonlinear regression provided by the computer package SYSTAT.

The major difference between equations (3.1.5) and (3.1.16) is

that in equation (3.1.16) Wang distinguished the effective

labor input L from the nominal labor input Lo• The

formulation he used implicitly in equation (3.1.16) is

(3.1.18)

where the "labor utilization rate" is

(3.1.19)
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By assuming the labor redundancy rate is equal to one minus

the labor utilization rate, he estimated the labor redundancy

levels in these 11 industries. He found that for these

industries the on-the-job unemployment rates are 15 - 30

percent, which is consistent but a little higher than other

Chinese economists' estimates (e.g., Tu's estimate was 10.7

percent, and Zhang's was 15 - 20 percent). From the positive

and statistically significant estimates for a4 , he concluded

that the increasing demand for effective labor implies

increasing wage rates. This is consistent with efficiency

wage theory although he did not state this explicitly. In

addition to the shortcomings which applied to Lee (1990), the

author failed to recognize that the efficiency wage model may

not be applied to the state-owned firms directly, since the

efficiency wage model is based on the market economy's

equilibrium conditions. These firms are subsidized by the

government and have the ability to pay wages higher than the

market clearing levels even though they may be unproductive.

3.2. Stochastic Frontier Production Function Approach

The conventional neo-classical production function can

only measure the average production technology from given

quantities of a set of inputs. However in China and other

central planning state socialist or less developed countries,

as well as some sectors in the more developed countries where
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the markets are highly regulated and noncompetitive, a firm or

farm usually produces at a level less than a best-practiced

production frontier. The amounts by which a firm or farm lies

below its best-practiced production frontiers can be regarded

as measures of ineff iciency , which the conventional neo

classical production function is not able to measure.

In an effort to bridge the gap between theory and

empirical work, Farrell (1957) proposed specific measures of

technical and allocative efficiencies. Assume a firm's

production function frontier is Q=f (L, K) with constant

returns to scale, Le., l=f(L/Q, K/Q). Let this unit

isoquant be denoted UU' in Figure 3.2.1.

K/Q

U

.p

o

A

U'

L/Q

Figure 3. 2 . l.

Measures of Efficiency
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Let point A represent (Lo/Qo, KO/Qo) if the firm is

observed using inputs (Lo, KO) to produce output QO. Then

Farrell defined the ratio OB/OA as a measure of technical

inefficiency. This is the ratio of inputs needed to produce

QO to the inputs actually used to produce QO. Furthermore, let

PP' represent the ratio of input prices, he defined the ratio

OD/OB as a measure of allocative inefficiency, since the cost

is the same for points D and C.

Aigner et al. (1977) first built a stochastic frontier

production function model. The essential idea behind the

model is that the error term is composed of two parts. The

first is a two-sided stochastic disturbance term reflecting

the random shocks, measurement errors, etc. The second is a

one-sided efficiency disturbance term corresponding to the

effects of inefficiency relative to the stochastic frontier.

Their model can be written as

y= f(x)ee (3.2.1)

where e=v-u. The term v is assumed to be independently and

identically distributed as N(0, a/) and captures the random

effects of measurement error and exogenous shocks. The term

u is assumed to be distributed independently of v. It is

der i ved from N( 0 , au2
) but truncated above at zero and can

capture the technical inefficiency relative to the stochastic

-------------------- --------
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production frontier. The term f(x) denotes the Cobb-Douglas

type production function, and f(x)eV is the stochastic produc-

tion frontier. The density function of the sum of a symmetric

normal random term and a truncated normal random term is given

by

fee) = ~f* (~) [l-F* ( eA.)]
(1 (1 (1

(3.2.2)

where a2=a}+a} , A=au
2

/ a/ , f* ( . ) and F*( . ) are the standard

normal density and accumulative distribution function,

respectively.

The estimation problem is posed by forming the relevant

log-likelihood function,

'2 1 n e A 1 n
In~(yIP,A,(12) = Nln-V -

u+Nln-+EN[l-F*(-.L)] --Ee1
.[it (1 i=l (1 2 (12 i=l

(3.2.3)

Taking first derivatives with respect to a2
, Aand ~, and

using the ML or COLS (corrected OLS) methods, they found the

optimizing values of a2
, A and~. They used panel data from

1957-58 to analyze the u.s. primary metals industry across 28

states and data from 1960-65 to examine the agricultural

sector across 48 contiguous states. They assumed the one-

sided efficiency disturbance term to be half-normal and
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exponentially distributed, respectively. Their model for the

primary metals industry took the form

(3.2.4)

where Q is value added per establishment, L is labor input per

establishment, K is the gross book value of plant and

equipment per establishment, and R is the ratio of net to

gross book value of plant and equipment. Their model for the

agricultural sector took the form

lnQ = ~o+~11nL+~21nK+~31nLA+~41nFZ+~51nLS+~61nSE+ (v-u)

(3.2.5)

where Q is gross agricultural output, LA is land, FZ is

fertilizer, LS is livestock, and SE is seed. All variables

are on a per-farm basis.

They found that there was substantial variation in the

frontier across states, but relatively little variation of

observed output beneath the frontier. The relatively small

one-sided efficiency disturbance terms they estimated

suggested that there were high levels of efficiency relative

to a stochastic frontier in a free private market economy,

like the US. But they did not test whether this finding,

based on state-wide per-establishment or per-farm aggregates
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would continue to hold for the individual establishments or

farms themselves.

Lee and Tyler (1978), Tyler and Lee(1979) , and pitt and

Lee (1981) used similar methods and micro level data to

analyze average technical efficiency in 850 Brazilian

manufacturing industrial firms, in five Columbian

manufacturing industries (i.e. food processing, apparel,

footwear, wooden furniture, and metal products) and the

Indonesian weaving industry, respectively. Pitt-Lee's model

of the Indonesian weaving industry is of the form

lnQ = J}o+J}11nL+J}21nK+J}31nForeign+J}41nYear+J}slnSize+ (v-u)

(3.2.6)

where Foreign is a dummy variable for firm ownership, year is

the date in which the firm began production, and Size is a

firm's size measure. Estimates of uj and uv
2 are derived from

the ML procedure. By using the one-sided efficiency

disturbance term to capture the effects of inefficiency

relative to the stochastic frontier, they found the average

efficiency of the Indonesian weaving industry with the man-

months of labor input measure to be 61.8 percent. This is

comparable to the 62.5 percent average efficiency found for

the Brazilian manufacturing industry (Lee and Tyler, 1978) and

the 55.4 percent and 55.8 percent for the Colombian apparel

and footwear industries respectively (Tyler and Lee, 1979),
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but much lower than the 90.99 percent found for the French

textile industry (Meeusen and Broek, 1977). Their results

indicated that considerably more inefficiencies exist in the

less developed countries' economies than in the more developed

countries'.

Danilin et al. (1985) applied the stochastic frontier

production function approach to test the enterprise efficiency

in the soviet Union's cotton refining industry. They used a

random sample of 151 cotton refining enterprises located in

five Union Republics in 1974. Their CES type model is

(3.2.7)

where t=l, .•. ,151 indexes the sample enterprises; Yt is gross

output of refined cotton valued in constant prices; Kt is the

volume of capital inputs values in constant prices; L t is the

number of production personnel employed; Tt is a plant vintage

index with TFO if the plant was constructed prior to 1961, and

TF{year of installation - 1960) otherwise. The parameter 1

measures the rate of technical progress, a={l+p)-1 is the

elasticity of substitution between labor and capital, OK and

0L are the distribution parameters. They used the MLE

approach and found that there were some very inefficient

enterprises. However, more than half of the enterprises had
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estimated rates of technical efficiency in excess of 94

percent, with 90 percent of the sampled enterprises had at

least 84 percent technically efficient. This finding should

not be generalized to other industries or other socialist

central planning economies, since most enterprises do not

operate as efficiently as the soviet Union's cotton refining

enterprises.

Battese et al. (1988) built a firm-level generalized

frontier production function to analyze the technical

inefficiency in Australian dairy farms. The panel data sets

used cover the period 1978-1981. Using OLS and ML, they

demonstrated that half-normal and exponential distributions

for technical inefficiency were not appropriate and that the

suitable probability distribution needs to be studied further.

Kumbhakar et al. (1989) applied the stochastic frontier

function approach in a simultaneous equation framework to

analyze the technical, allocative and scale inefficiency of

owner-operated dairy farms in Utah. Their findings indicate

that there is a positive association between years of

education and productivity of labor and capital. They also

found that productivity is negatively related to off-farm

income and that large farms are the most efficient. A sample

of 116 farm families in Utah in the period 1969-1982 was

surveyed for this study.

Grabowski et al.(1990) used a ray-homothetic production

function to measure the revenue efficiency of the railroad
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industry in the u.s. from 1951 to 1981. The u.s. railroad

industry for most of this period was highly regulated. They

allowed returns to scale to vary with output and factor

intensity, and found the extent of revenue inefficiency was

the result of operating at an inappropriate scale. They were

also able to determine what part of this efficiency was due to

wasting resources.

Cornwell et al. (1990) examined eight u.s. airlines. The

data follow certified carriers and accounted for over 80

percent of u.s. domestic air traffic. The average frontier

production technology under consideration is a translog

function (which is similar to Berndt et al.'s KLEM model)

(3.2.8)

where Q is available ton miles (value added) and K, L, E, M

are capital, labor, energy and material input quantities

respectively . They make the assumption that input quantities

and output characteristics are separable in production. Their

results suggest that the value added specification is valid in

studying the u.s. airline industry. Results from the use of

generalized least squares (GLS) and MLE (assuming a half

normal distribution for the firm effects) are compared and a

Hausman-Wu specification error test is carried out to test the

null hypothesis that firm-specific effects are uncorrelated
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with the regressors.

3.3 Zellner-Revankar Generalized Production Function

In empirical studies of production, one model has been

long-ignored by economists. This is the Zellner-Revankar

generalized production function (Zellner and Revankar, 1969).

In contrast with many production functions currently used in

applied studies which assume the same returns to scale at all

levels of output, and ignore useful prior information, the

Zellner-Revankar production function permits returns to scale

to vary with the level of output according to a preassigned

function. The preassignment can be determined by Bayesian

prior information or by maximum likelihood estimation.

In their paper, Zellner and Revankar established the

following theorem:

"Let f(L,K) be a neo-classical production function
homogeneous of degree aft a constant. Then a production
function, Q = g(f), with preassigned returns to scale
function a(Q), can be obtained by solving the following
differential eqcation

dO = 0 «(0)
df f «l

(3.3.1)

The preassigned returns to scale function which they

employed is given by
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(3.3.2)

where Q and 0 are parameters. If 0 = 0, the returns to scale

do not depend on output Q. On the other. hand, if 0 > 0, the

returns to scale fall to a (a > 0) as Q ~ 0, and toward zero

as Q ~ 00.

On inserting (3.3.2) into (3.3.1) , solving the

differential equation, and assuming a the Cobb-Douglas form,

we have

(3.3.3)

or

(3.3.4)

with O<p<l, a>O, {31=lnr, (32=a(1-p), {33=ap, and the subscript i

denotes the ith observation, i=1,2, ..• , n.

If the error term u/s in equation (3.3.4) are normally

and independently distributed, each with mean zero and common

variance a2
, then the likelihood function is
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where Zh is an nx l, vector, with a typical element In Qj + oQjI

p' = (~l' ~2' ~3)' X is an nx3 matrix with a typical row given

by (1, InKjI InL j ) , and J denotes the Jacobian of the

transformation from the n u/s to the n Qj'S given by (3.3.4).

Zellner and Revankar showed that the elasticity of

substitution associated with this generalized production

function, Q=g{f(L,K)}~ is the same as that associated with the

conventional production function f(L,K). They estimated this

production function with a 1957 cross section from the u.s.

transportation equipment industry by using the Box-cox

transformation and ML approach (1969) and by a Bayesian

approach (Zellner, 1971).

Broek et al. (1980) built a Zellner-Revankar production

function with the stochastic frontier approach. Their model

is given by

(3.3.6)

where e=v-u. The two-sided disturbance term, v, is assumed to

be independently and identically distributed as N(O,a!) and,

it can capture the random effects of measurement error and

exogenous shocks. The one-sided efficiency disturbance term,

u, is assumed to be distributed independently of v. It is

derived from N(O,a}) but truncated above at zero. It can

capture the technical inefficiency relative to the stochastic
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The density function of the sum of a

sYmmetric normal random term and a truncated normal random

term is given by

f(e) = ~f*(-.!) [i-F*( d.)]
o a 0

(3.3.7)

where 'A=a 2/a 2u v, f* ( • ) and F*( . ) are the standard

normal density and accumulative distribution function,

respectively . They used three methods to estimate this model:

(1) LP (linear programming), (2) ML (ML estimates with an

exponential efficiency distribution), and (3) ML-CE (ML

estimates with a composed error term). They analyzed the

elasticity of scale and the structural and productive

efficiency for 28 Swedish dairy plants for the period 1964

1973. They calculated the Kernel elasticities for labor and

capital, the technical optimal scale parameter and efficiency

parameters.

Kumbhakar (1988) also applied the Zellner-Revankar

generalized production function to analyze the technical and

allocative inefficiency in 42 U.S. Class 1 railroads. He

calculated different returns to scale coefficients for each

Class 1 railroad with panel data covering the period 1951-

1975. The estimation method employed was ML.

To summarize, the Zellner-Revankar generalized production

function (Z-R) , equation (3.3.4), has two advantages over the

conventional neo-classical Cobb-Douglas production function
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(C-O). First, the c-o is a special case of Z-R, and one can

formally test whether the final form is c-o by hypothesizing

0=0. Second, Z-R does not restrict returns to scale to be

constant. The returns to scale coefficient a(Q) is given by

the expression

a (0) (3.3.8)

Furthermore, Z-R with stochastic frontier can be applied

to the situation where the market is highly regulated and not

competitive, while the conventional Z-R cannot. As for the C-

0, both cross sectional and panel data can be used to estimate

Z-R and Z-R with stochastic frontier. Although most recent

studies tend to use panel data to infer both the dynamic

process and static economic structure, single year cross

sectional data are still very useful in making inferences

concerning the static economic structure.

3.4 Efficiency Wage Theory

Efficiency wage theory can explain why in equilibrium an

employer's production costs might be reduced if it pays a wage

in excess of the market clearing level, while the standard

competitive labor market theory cannot. These wage premiums

may help to reduce turnover, prevent worker malfeasance and
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collective action, and attract higher quality employees. It

also provides a coherent explanation of actual and disguised

unemployment (Akerlof and Yellen, 1986).

This theory was first advanced by Leibenstein (1957) to

examine the actual and disguised unemployment in the densely

populated backward agricultural areas of the LDCs. For the

developed economies, Solow (1979) found that a cost minimizing

employer will let the wage remain unchanged no matter how its

output varies if and only if the wage enters the short run

production function in a labor augmenting way. For example,

increased wages may result in an increase in morale or higher

quality of personnel.

Yellen (1984) provided a formal model by assuming an

economy with identical, perfectly competitive firms. The

short run production function for each firm is

Q = a -Pte (w) L} (3.4.1)

where e is the effort (or efficiency) level per worker, w is

the real wage, L is the number of employees, a is the

productivity shifter, Q is output. Let the output price be

the numeraire. Workers are assumed to be identical and effort

is assumed to be an increasing function of the real wage

(e' (w) > 0). A profit-maximizing firm faces the following

problem:



max
e,L

aF{e(w)L} - wL
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(3.4.2)

The solution to the problem yields

e'(w*)w* = 1
e (w*)

This is the "Solow equilibrium condition"

(3.4.3)

in equilibrium

the elasticity of effort with respect to the real wage is

unity. The wage w· is the efficiency wage, which minimizes

wage costs per efficiency unit of labor. Each firm optimally

hires labor up to the point where its marginal product is

equal to the real wage.

(3.4.4)

There are several kinds of efficiency wage models in the

literature. Shapiro and Stiglitz (1984) provided a shirking

model. They assumed that workers can decide whether to work

or to shirk, while the firms can only imperfectly monitor

workers' performance with certain costs. Thus firms should

pay a higher wage to a given quality worker where monitoring

is difficult and/or costly in order to reduce the probability

of shirking. Calvo and Wellisz's (1979) shirking model

provided an explanation of hierarchical wage differentials, in

excess of productivity differences.



55

Salop (1979) analyzed a labor turnover model to describe

the evidence that workers are likely to be more reluctant to

quit the higher the relative wage paid by the current firm and

the higher the aggregate unemployment rate.

Weiss (1980) found that if workers' reservation wages and

heterogeneous ability are positively correlated, firms with

higher wages will attract higher quality job applicants. If

firms cannot observe applicant's quality and ability, a higher

wage still can increase the expected quality and ability of a

worker hired randomly from the applicant pool. This model is

called the adverse selection model.

Akerlof (1982) developed a sociological (or fair-wage)

model in which the firm's "gift" of higher wages is rewarded

by the improved work norms and increased effort of the

workers.

Based on cross sectional data on individuals collected by

the U.s. Bureau of Census for the May 1974, 1979, and 1984

Current Population Surveys (CPS), Krueger and Summers (1988)

empirically tested and rejected classical competitive theories

of wage determination by examining differences in wages for

equally skilled workers across industries. They found that

there are large interindustry wage differentials for

observationally equivalent workers and that these wage

differentials are very persistent over time and very difficult

to link to unobserved differences in ability or to

compensating variations in working conditions. Their findings
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suggested that wage differentials are positively related to

levels of industry profitability, monopoly power, capital

intensity, and average education. Their findings also

suggested that high wage industries tend to pay all types of

workers high wages, this suggests that workers in high wage

industries receive noncompetitive rents.

Katz (1988) summarized several policy implications

generated by efficiency wage theory. He found that it might

be desirable to subsidize a high wage industry so as to expend

employment to the level where the marginal product of labor

equals its opportunity cost, if efficiency wages cause

noncompetitive wage differentials.

Using data from the 1982 Employment opportunity pilot

Project (EOPP) survey of firms, Holzer (1990) found that

firms' wage levels are positively correlated with managers'

perceptions of labor productivity, and high wage firms can

offset more than half of their higher wage costs through

improving labor productivity and lowering hiring and turnover

costs.
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CHAPTER 4

THEORETICAL FRAMEWORK

4.1 Basic Stochastic Frontier Production Models

The Chinese urban industrial sector is centrally

controlled, and is SUbject to the government's state

ownership, full employment, egalitarian wage and centralized

resource allocation policies. Neo-classical production

functions are not the appropriate approach to analyze

enterprise inefficiency in the Chinese urban industrial

sector, because they all implicitly assume profit maximization

under perfect market competition, which is actually not true

in the Chinese setting. This study, therefore, uses the

recently developed stochastic frontier production function

model to estimate enterprise inefficiency.

Nominal and effective labor inputs are usually not the

same. For the fully competitive economy, most economists

attributed this difference directly to the stochastic

disturbance term (Zellner et al., 1966). Zellner et al.

(1969) solved this problem by using the "error in variable"

model l
• In the Chinese economy, because of full employment,

To relate effective labor input to nominal labor
input, Zellner et al. (1969) proposed , where L/ = L/eu+v , L/· is
effective labor input, L/ is nominal labor input, u is model
random disturbance term, and v is random disturbance term in
the relation connecting effective and nominal labor inputs.
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egalitarian wage policies and substantial disguised

unemployment, the difference between nominal and effective

labor inputs is large and systematic. simply attributing the

difference to a stochastic disturbance term or "error in

variable" model may b~ an inadequate explanation. Rather, a

more appropriate explanation may lie in the application of

economic theory, i.e., effective labor as a function of wages.

In Chinese urban industrial enterprises, basic wage

levels are set by the government based on individuals' tenure

and skill. The efficiency wage literature suggests that wage

increases can raise work effort and labor productivity. One

study has shown that a 1 percent wage increase can lead to an

approximately 2 percent productivity increase in China (Tung,

1982). In order to stimulate economic growth, the present

policy of raising workers' wages commensurate with increases

in productivity has been adopted. Therefore, it is reasonable

to model the wage-productivity relationship by having wages

affect productivity. According to the efficiency wage theory,

the labor efficiency rate R (which is defined as the ratio of

effective labor input to nominal labor input) for the urban

industrial enterprises can be modeled as a function of real

wage rate (Akerlof and Yellen, 1986, p.18):

(4.1.1)
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where oR/ ow > 0, and o2R/ow2 <0. Then, the effective labor

input

L = R ( w) L = wYLe U1 ( 4 • 1. 2 )e

where L is the nominal labor input. The underlying assumption

is that the real wage rate plays an important role in

determining the effective labor input, defining the difference

between nominal and effective labor inputs as disguised

unemployment, and using the efficiency wage formulation to

measure the level of disguised unemployment in Chinese urban

industrial enterprises.

The original Zellner-Revankar generalized production

function discussed in section 3.3 is

(4.1.3)

By sUbstituting the efficiency wage formulation (4.1.2)

into the original Zellner-Revankar generalized production

function (4.1.3), and using the stochastic frontier production

function approach discussed in section 3.2, we derive our

single equation model
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(4.1.4)

where: Q is the net industrial output value in thousands of

1985 Yuan, K is the net value of fixed assets in thousands of

1985 Yuan, L is the average number of employees in 1985, w is

the monthly wage rate in 1985 Yuan, 0 is the elasticity of

returns to scale coefficient, (34 = (33'Y, v is the two-sided

stochastic disturbance term which reflects random shocks and

measurement errors, and u is the one-sided efficiency

disturbance term which reflects the effects of possible

enterprise inefficiency in the Chinese urban industrial sector

relative to the internal best-practiced production frontier.

Equation (4.1.4) is a value added specification. In the

literature, most empirical studies of investment demand and

capital-labor sUbstitutability in u.s. manufacturing assume

that the value added specification is valid. Berndt and Wood

(1975), however, found that the conditions for the value added

specification did not appear to be satisfied by data for u.s.

manufacturing over the period 1947-1971. The problem is that

price variation across firms can be the source of value added

variation. This finding questions the reliability of

investment and factor demand studies for u.s. manufacturing

based on value added specifications. But Cornwell et al.

(1990) suggested that the value added specification is valid

for studying the U.S. airline industry, and McMillan et al.
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(1989) reached the same conclusion in analyzing Chinese rural

economic reforms. (These two papers were discussed in section

3.2 and 3.1 respectively.)

Chinese statistical data sources are very limited. only

value added data are usually available from pUblished sources,

and the estimated production functions for the Chinese economy

reviewed in section 3.1 all employed the value added

specification. Because of data limitations, this study also

employs the value added specification. Actually, in the

Chinese centrally planned economy, the prices of major outputs

and inputs are set by the Administration Bureau of Commodity

Price of the state council, rather than by the market

mechanism (Chow, 1985, p.144). This study assumes that price

variation is small and causes no significant differences in

value added within specific industries. Note that equation

(4.1.4) is valid not only for value added, but also for the

value of shipments and output quantity if they become

available.

Equation (4.1.4) has several advantages over the

conventional neo-classical Cobb-Douglas production function

(C-D). First, C-D is a special case of this equation, and one

can formally test whether the final form is C-D by

hypothesizing that the one-sided efficiency disturbance term

u=o and the elasticity of returns to scale 0=0, Second, C-D

is an average function which can not measure the best

practiced production frontier, while equation (4.1.4) can
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capture this stochastic frontier. Third, equation (4.1.4) can

measure variable returns to scale of production for each

enterprise within a specific industry, while C-D cannot. The

returns to scale coefficient a(Q) is given by the expression:

a (Q) = {{32 + (33 + (34) / (l+oQ). Fourth, the one-sided efficiency

disturbance term u can measure the possible enterprise

inefficiency due to the Chinese government's central planning

pOlicies (e.g. state ownership, full employment and egalitar

ian wages) and the Chinese industrial enterprises' non-profit

maximizing behavior. Fifth, the difference between nominal

and effective labor inputs due to urban industrial

enterprises' wage policies can be measured by using this

formulation. Thus we can estimate the disguised unemployment

rate for each enterprise and use it to analyze the level and

causes of low labor productivity within the urban industrial

sector. sixth, efficiency changes due to utilizing different

levels of capital and labor inputs can also be measured by

comparing the maximum likelihood estimates with the ordinary

least squares estimates of this formulation.

4.2 Estimation Procedure and Maximum Likelihood Functions

Estimation of equation (4.1.4) involves two steps. The

first step is to do ordinary least squares (OLS) estimation of

equation (4.1.4) for each of seven representative industries.

These industries are cement manufacturing, coal mining, cotton
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textile, domestic machinery manufacturing, household

electronic appliances, iron and steel smelting, and thermal

power generation industries. (Detailed information about

these seven industries are presented in Chapter 5.) with the

exception of the constant term, the OLS estimates are usually

consistent but inefficient, since the OLS model ignores the

effect of the one-sided efficiency disturbance term u and

assumes all the coefficients and disturbance terms are

normally distributed. Actually, the OLS model is an average

function of the production technology, and it cannot measure

the best-practiced production frontier within a specific

industry.

The second step involves the maximum likelihood estima

tion (MLE) of equation (4.1.4) for each of seven

representative industries. The OLS estimates are used as the

starting values for the MLEs.

Three different probability distributions are assumed for

the one-sided efficiency disturbance term u in this study.

They are the half normal, the exponential and the truncated

(at 0) normal distributions. Their probability distribution

functions with the mathematical expectations and variances are

as follows:

(1) Half normal model:



with

feu) = ~ 2 exp{-.! (~) 2}
1t 2 au

E(u) = ~ ~

Var(u) = {~ -l} a;
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(4.2.1)

(4.2.2)

(4.2.3)

with

(2) Exponential model:

feu) = 6 e-eu (4.2.4)

E( u)

Var (u)

1= a

=

(4.2.5)

(4.2.6)

(3) Truncated (at 0) normal model:

feu) = (4.2.7)
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E( u) = J.L + (4.2.8)

Var (u) (4.2.9)

where ep (.) is the probability density function of the

standard normal distribution and ~ ( .) is the cumulative

probability distribution function of the standard normal

distribution.

Their natural log-likelihood functions are as follows:

(1) Half normal model:

In ~
N 2 N e . N -e.A

= -Nlna--ln- - ~ (-2.) 2+ ~ (J) ( __~_)
2 1t i=l C1 i=l a

(4.2.10)

(2) Exponential model:

(3) Truncated (at 0) normal model:

(4.2.12 )
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The one-sided efficiency disturbance term u, a measure of

the enterprise inefficiency, is computed as E(ulv-u). Its

functions with different conditional probability distributions

are as follows:

(1) Half normal model:

E(ule) (4.2.13 )

(2) Exponential Model:

where

E(ule) = z + (4.2.14)

z = (4.2.15)

(3) Truncated (at 0) normal model:

E(ule) (4.2.16)

These three models are estimated using the maximum

likelihood method for each of the seven representative

industries. I expect to find that the maximum likelihood

estimates of the one-sized efficiency disturbance terms are
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statistically significant and not normally distributed,

indicating that there exists substantial enterprise

inefficiency among Chinese urban industrial enterprises. The

intercepts, indicating the level of enterprise efficiency on

the production frontier, of the maximum likelihood stochastic

frontier models are usually greater than those of the ordinary

least squares "average" models. This indicates that the best

practiced enterprises have higher enterprise efficiency than

the "average ll • Moreover, the differences between the ML and

OLS estimates provide information on improvement of enterprise

efficiency in utilizing capital, labor and wage inputs for a

specific industry on its production frontier. For example, if

the estimated output elasticity for labor is higher for the

MLE (O.65) than for the OLS (O.62), this indicates that within

a specific industry more efficient enterprises tend to be more

labor intensive.

The estimate of {34 can be used to analyze the wage

productivity effect, 5 can be used to analyze the elasticity

of returns to scale, and u can be used to analyze enterprise

inefficiency. The estimates of 'l can be calculated from {34'

and by sUbstituting it into equation (4.1.2), we can analyze

the differences between nominal and effective labor inputs in

Chinese industrial sector. Thus, the disguised unemployment

rate can also be estimated {l-R(w}} and analyzed.

The major statistical software used in this study is

LIMDEP version 6 developed by William Greene (1991).
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CHAPTER 5

DATA AND EMPIRICAL RESULTS

5.1 Data Sources and Related Adjustment Issues

Enterprise-level cross sectional, time series or panel

data can be used to estimate equation (4.1.4). Since Chinese

data are very limited and most time series and panel data sets

are incomplete, this study uses only cross sectional data.

The pUblished enterprise-level data for the industrial

sector employed in this study are drawn from Volume 2 (Large

and Medium Enterprise Volume) of the Industrial Census ~985

(China state council, 1987). China conducted its second

industrial census in 1985. 358, 000 industrial enterprises

above the township-run enterprise level were given

questionnaires for direct investigation. This census, which

used a similar classification to the united Nations standard

classification, is considered the authoritative source for

studying Chinese industry during the early stage of economic

reform.

Volume 2 of the Industrial Census ~985 covers the micro

enterprise level data for all 2,494 large and 5,791 medium

urban industrial enterprises in 1985. These enterprises are

classified into 300 industries in a 4-digit system. Among

them, only seven industries have sample sizes of 60 or more.

They are cement manufacturing, coal mining, cotton textile,
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domestic machinery manufacturing, household electronic

appliances, iron and steel smelting, and thermal power

generation industries. These seven industries cover a broad

spectrum of the Chinese urban industrial sector.

Chow (1985, p.283) used the labor-capital ratio and

production transformation curve to define labor- and

capital-intensive industries for the Chinese economy. The

Chinese statistical departments also usually use this

criterion to define the labor- and capital-intensive

industries. If the labor-capital ratio of a certain industry

is greater than (100 workers/per million Yuan capital), this

study treats it as labor-intensive; otherwise, it is treated

as capital-intensive. The cotton textile, domestic machinery

manufacturing and household electronic appliances industries

are taken to represent the labor-intensive industries. The

cement manufacturing, coal mining, iron and steel smelting,

and thermal power generation industries represent the capital

intensive industries. This classification was used to analyze

differences between the two.

This study also examine differences across enterprise

size groups. The Chinese government categorizes enterprises

in each industry into large and medium size groups according

to their different output levels or, in the case of thermal

power generation, according to different levels of fixed

capital (China state council, 1987, pp.1-4). Among these

seven industries, most have both large and medium enterprises.
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The exception is the thermal power generation industry which

has only large enterprises.

Among these seven industries, most enterprises are state

owned, except within domestic machinery manufacturing and

household electronic appliances which include a large portion

of collective-owned enterprises. Much attention is devoted to

these two industries in order to analyze the differences

between the two types of ownership.

The cement manufacturing industry has 7 large and 52

medium enterprises, all of them are state-owned. The coal

mining industry has 29 large and 41 medium enterprises, all of

them are state-owned. The cotton textile industry has 71

large and 6 medium enterprises, all of them are state-owned.

The iron and steel smelting industry has 16 large and 64

medium enterprises, all of them are state-owned. The thermal

power generation industry has 98 enterprises, all of them are

large and st~te-owned.

The domestic machinery manufacturing industry has 84

enterprises in total. Among them, 43 are large and 41 are

medium enterprises. 74 are state-owned and 10 are collective

owned enterprises. 40 are large state-owned, and 34 are

medium state-owned enterprises. 3 are large collective-owned,

and 7 are medium collective-owned enterprises.

The household electronic appliances industry has 82

enterprises in total. Among them, 26 are large and 56 are

medium enterprises. 59 are state-owned and 23 are collective-
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owned enterprises. 40 are large state-owned and 34 are medium

state-owned enterprises. 3 are large collective-owned and 7

are medium collective-owned enterprises.

The sample characteristics are summarized in Tables 5.1.1

to 5.1.7, which appear later in this Chapter.

The variables used in this study include: net industrial

output value at 1985 prices (Q), net value of fixed assets at

year end (K), average annual number of employees (L), and

monthly wage rates (w) • A brief description of these

variables and data adjustments is given below.

Net industrial output value in thousand 1985 Yuan (Q)

refers to the newly created value of industrial enterprises in

their activities of production and operation in 1985. It is

calculated by two approaches. One is the "production"

approach, through which Q is calculated by deducting the value

of the means of production consumed in the process of

production from the gross industrial output value. The other

is the "distribution" approach, through which Q is calculated

by summing up wages (including bonuses), welfare funds,

profits, taxes, interests, and other expenditure. Some

enterprises prefer to use the "production" approach, while

others prefer the "distribution" approach. The results

obtained through both approaches should be theoretically

consistent with each other (China State Council, 1988, p.332).

This value added measure is the only output measure

provided in the published 1985 Chinese Industrial Census data.
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Price variation across enterprises within a specific industry

could be a source of value added variation. However, in the

Chinese centrally planned economy, prices of major outputs and

inputs are set by the Administration Bureau of commodity Price

of the state Council and not by the market mechanism (Chow,

1985, p.144). Also, since no other output measures, such as

the value of shipments, are available, it was assumed that

price variation is quite small and does not cause significant

differences in value added within a specific industry.

Net value of fixed assets in thousand 1985 Yuan at year

end (K) refers to the value of entire fixed assets, deducting

depreciation of all past years. Most large and medium

enterprises provide their employees with a variety of

nonindustrial service facilities which extend far beyond what

is observed elsewhere in the world (including housing,

schools, kindergartens, health clinics, clubs, dining rooms,

barber shops and stores). Inclusion of these nonproductive

investments in industrial capital input causes the pUblished

data to systematically overstate the amount of capital

employed directly in the industrial production process. Even

if the physical share of housing and other nonindustrial

capital inputs in total investment were to remain constant,

price variation between industrial and nonindustrial

investment could distort measures of capital input formation.

The data for net value of fixed assets, therefore, needs

to be adjusted. For the time series data, Chen et al. (1988)
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use the share of original value of fixed assets used for

industrial production in total fixed assets to adjust K. The

1985 Industrial Census provides information on the original

value l of fixed assets and its proportion used for industrial

production. Here, Chen et al.'s approach is applied which

uses the share of the original value of fixed assets used for

industrial production in total fixed assets to adjust K,

deleting the nonindustrial fixed assets.

Average number of employees (L) refers to the average

number of the staff and workers working for and paid by an

enterprise in 1985. It usually includes workers, apprentices,

engineering and technical personnel, management personnel,

service and other personnel. Most Chinese large and medium

industrial enterprises also hire labor for nonindustrial

purposes, such as education, medical care, retail sales, food

supply and other services. The data for L, therefore, need to

be adjusted in order to be compatible with other variables.

The 1985 Industrial Census does not provide information on the

proportion of labor in nonindustrial purposes. For the time

series data, Chen et al. (1988) assume that the share of labor

for industrial production purposes in total labor is approxi-

mately the same as the share of the original value of fixed

assets used for industrial production in total fixed assets,

and use the latter share as a proxy to adjust L in order to

original value means the original purchasing price at 1985
price levels.
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delete the proportion of nonindustrial labor force. Here,

again Chen et al.'s approach is applied to deal with the 1985

Industrial Census data in order to adjust industrial labor

input.

Monthly wage rate in 1985 Yuan (w) refers to the

remunerations an enterprise actually paid to its staff and

workers. Although the enterprise level data used in this

study does not have detailed information on each of its compo

nents, these payments usually include basic wages, piece

wages, wages paid for overtime work, various bonuses, various

subsidies for food, housing, medical care and transportation,

and wages paid in other forms such as the one-child award,

innovation award, etc.

Actually, the last two of these components include

payments not directly related to industrial production work.

However, there is only small variations in these components of

wages within a specific industry, since the subsidies for

food, housing, medical care and the one-child award are set by

the government with almost no difference across different

forms of ownership and sizes of enterprises.

The concepts of net value of fixed assets and average

number of employees employed by China are different from those

used in market economies, since they include capital and labor

used for nonindustrial purposes. This study attempts to purge

the nonindustrial portions of K and L in order to make them

compatible with the industrial output variable. I believe it
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are

andadjusted

industries

is necessary to do the data adjustments described above in

order to overcome the shortcomings in the available Chinese

data. However, I use both the adjusted and unadjusted data in

the first stage of model estimation to examine how sensitive

the estimates are to these adjustments.

The descriptive statistics of both

unadjustQd data for each of the selected

presented in Tables 5.1.1 - 5.1.7.
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Table 5.1.1

Descriptive statistics for Cement Manufacturing Industry

(sample size: 59; all state-owned)

==============================================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

59
59
59
59

13448
40263
1840.7
109.35

6600.6
37387
555.07
15.688

13448
46678
2185.9
109.35

6600.6
39565
909.46
15.688

==============================================================

Table 5.1. 2

Descriptive statistics for Coal Mining Industry

(sample size: 63; all state-owned)

==============================================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

63
63
63
63

74080
303650
30537
120.12

86046
248080
20894
14.289

74080
401170
40410
120.12

86046
335810
27637
14.289

===================================================~==========
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Table 5.1. 3

Descriptive statistics for Cotton Textile Industry

(sample size: 77; all state-owned)

==============================================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

77
77
77
77

36748
27303
5874.6
96.338

15798
14885
1902.9
11. 389

36748
34294
7421. 4
96.338

15798
19041
2350.5
11. 389

==============================================================

Table 5.1. 4

Descriptive Statistics for Domestic Machinery Manufacturing

(sample size: 84; 10 collective-owned; 41 medium-sized)

==============================================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

84
84
84
84

29089
17713
2161. 3
95.902

41287
11597
1451. 9
16.337

29089
21858
2637.6
95.902

41287
13407
1643.8
16.337

==============================================================

Note: Domestic machinery manufacturing includes bicycle
manufacturing (sample size:36; 6 collective-owned), sewing
machine manufacturing (sample size:21; 1 collective owned),
and clock, watch, and camera manufacturing (sample size:27; 3
collective-owned).
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Table 5.1. 5

Descriptive statistics for Household Electronic Appliances

(sample size: 82; 23 collective-owned; 56 medium-sized)

==============================================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

82
82
82
82

20641
11996
1324.8
111.23

16378
8621.8
752.97
31. 738

20641
13973
1551.4
111. 23

16378
8834
795.88
31. 738

==============================================================

Note: Household electronic appliances includes washing
machine manufacturing (sample size:10; 9 collective-owned),
refrigerator machine manufacturing (sample size:7; 4 collec
tive owned), electric fan manufacturing (sample size: 8; 5
collective owned), TV receiver manufacturing industry (sample
size: 38; 2 collective-owned), and radio, recorder & calculator
manufacturing (sample size:19; 3 collective owned).

Table 5.1. 6

Descriptive statistics for Iron & Steel Smelting Industry

(sample size: 80; all state-owned)

==============================================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

80
80
80
80

155670
315780
17142
Ill. 53

322730
614250
24490
14.340

155670
397150
21269
111.53

322730
760400
30415
14.340

==============================================================

Note: Iron & steel smelting industry includes iron smelting
(sample size:10; all state-owned) and steel smelting (sample
size:70; all state-owned).
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Table 5.1. 7

Descriptive Statistics for Thermal Power Generation

(sample size: 98; all state-owned)

~=======================--=====================================

NAME N
MEAN

Adjusted

ST. DEV MEAN

Unadjusted

ST. DEV
==============================================================
Q
K
L
W

98
98
98
98

218180
596390
8706.2
117.13

240990
815140
12439
14.374

218180
634650
9301.2
117.13

240990
872380
13332
14.374

==============================================================
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5.2 Empirical Results

5.2.1 Ordinary Least Squares (OLS) Estimations

Initially, the production function was estimated by using

ordinary least squares (OLS) regression. These estimates

provide starting values for the subsequent maximum likelihood

(ML) estimation. They also permit me to investigate the

appropriateness of the data adjustments described in the

previous section. Finally, they are also used for comparison

with the MLEs. The differences between the ML and OLS

estimates provide measures of enterprise efficiency.

Remember that the ordinary least squares production

function ignores the effect of the one-sided efficiency

disturbance terms u on output, and assumes that all the

coefficients and the two-sided stochastic disturbance term v

are normally distributed. Usually, OLS estimates are

consistent but inefficient (see section 3.2). Moreover, the

OLB production function can only measure the average

production technology, which is below the best-practiced

production frontier. It cannot capture the best-practiced

production frontier, nor provide information on enterprise

efficiency.

The ordinary least squares estimates of model (4.1.4),
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which ignores the one-sided efficiency disturbance, is

estimated for each of the seven representative industries. In

this model, Q is the net industrial output value in thousands

of 1985 Yuan, K is the net value of fixed assets in thousands

of 1985 Yuan, L is the average number of employees in 1985, w

is the monthly wage rate in 1985 Yuan, 0 is the elasticity of

returns to scale coefficient, v is the two-sided stochastic

disturbance term which can only reflect random shocks and

measurement errors, but not the efficiency level.

First, the data adjustment issues are examined by

presenting the OLS estimates using adjusted and unadjusted K

and L data. These estimates appear in Tables 5.2.1 - 5.2.7.
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Table 5.2.1

OLS Estimates for Cement Manufacturing Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -20.76 (-4.36) -17.18 (-2.62)
Log K 0.17 (1. 70) 0.23 (1.41)
Log L 0.97 (5.98) 0.95 (6.33)
Log w 0.72 (3.82) 0.31 (4.47)
0 0.07 (5.10) 0.07 (4.31)
============================================================
Sample Size
Adjusted R2

F [3, 55]
Log-likelihood

59
0.54
20.06

-65.65

59
0.49
19.18

-63.94
============================================================
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Table 5.2.2

OLS Estimates for Coal Mining Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -21. 31 (-6.70) -4.91 (-3.06)
Log K 0.54 (2.98 ) 0.23 (0.84)
Log L 0.87 (4.31) -2.17 (-2.18)
Log w 0.17 (4.03 ) 0.33 (3.15 )
0 0.06 (6.62) 0.06 (3.32)
============================================================
Sample Size
Adjusted R2

F [3, 59]
Log-Likelihood

63
0.68
44.04

-50.35

63
0.66
40.56

-76.31
============================================================
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Table 5.2.3

OLS Estimates for Cotton

Textile Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -4.84 (-3.59) -6.14 (-1.97)
Log K 0.10 (1. 98) 0.56 (1.82)
Log L 0.46 (9.26) -0.41 (-1.83)
Log w 0.26 (4.91) 0.02 (1.86)
S 0.02 (3.10) 0.02 (3.24)
============================================================
Sample Size
Adjusted R2

F [3, 73]
Log-Likelihood

77
0.73
68.26

-8.699423

77
0.83
69.83

-7.468325
===============================:==============================
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Table 5.2.4

OLS Estimates for Domestic Machinery Manufacturing

Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -29.14 (-10.01) -11.84 (-2.45)
Log K 0.19 (1.71) 0.29 (0.78)
Log L 0.55 (5.11) -1.14 (-1.68)
Log w 0.37 (5.09) 0.43 (4.27)
0 0.01 (5.50) 0.01 (4.51)
============================================================
Sample Size
Adjusted R2

F [3, 80]
Log-Likelihood

84
0.71
68.24

-109.21

84
0.76
52.43

-96.80
============================================================
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Table 5.2.5

OLS Estimates for Household Electronic Appliances

Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -13.11 (-9.85) -13.23 (-5.96)
Log K 0.33 (2.71) 0.67 (3.41)
Log L 0.72 (5.25) 1.44 (6.15)
Log w 0.10 (4.56) 0.46 (3.59)
0 0.03 (7.76) 0.03 (3.84)
============================================================
Sample Size
Adjusted R2

F [3, 78]
Log-Likelihood

82
0.61
43.80

-58.34

82
0.62
44.79

-95.62
============================================================
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Table 5.2.6

OLB Estimates for Iron & Steel Smelting Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -14.52 (-7.23) -6.60 (-2.88)
Log K 0.12 (3.90) -0.68 (-0.46)
Log L 0.64 (6.81) 0.27 (6.76)
Log w 0.29 (2.90) 0.19 (2.68)
0 0.05 (3.20) 0.05 (2.78)
============================================================
Sample Size
Adjusted R2

F [3, 76]
Log-Likelihood

80
0.87
171.91

-46.73

80
0.85
148.73

-59.60
============================================================
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Table 5.2.7

OLS Estimates for Thermal Power Generation Industry, 1985.

============================================================
Variable Coefficient (t-ratio)

Adjusted Data Unadjusted Data
============================================================
Constant -7.54 (-2.33) -4.43 (-0.92)
Log K 0.72 (1. 97) 0.14 (1. 28)
Log L 0.54 (5.81) 0.94 (6.86)
Log w 1.01 (1. 58) 0.85 (2.41)
0 0.03 (7.77) 0.02 (1. 62)
============================================================
Sample Size
Adjusted R2

F [3, 94]
Log-Likelihood

98
0.47
29.87

-104.8182

98
0.57
43.05

-143.6738
============================================================
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The OLS estimate for {33' the output elasticity for labor,

has the wrong signs in three of the seven industries where we

use the unadjusted data. Moreover, the estimate for {32' the

output elasticity for capital, has the wrong sign in one

industry and is statistically insignificant in four industries

when we use the unadjusted data. These estimates are clearly

inconsistent with conventional production theory, which

requires that both capital and labor inputs have non-negative

effects on output. This indicates that the unadjusted data,

which include non-industrial portions of capital and labor

inputs, are not consistent in estimating a Zellner-Revankar

type generalized stochastic frontier production function

model. The results for the adjusted data appear more

reasonable, and this study uses only the adjusted data to do

the maximum likelihood analysis of model (4.1.4). The MLE

results are presented next.
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5.2.2 Maximum Likelihood (ML) Estimation

Using the ordinary least squares estimates provided in

section 5.2.1 as starting values, the maximum likelihood

estimation for each of the seven representative industries was

then performed. Whereas the two-sided stochastic disturbance

term v is assumed to be distributed normally, three different

probability distributions are assumed for the one-sided

efficiency disturbance term u -- the half-normal, exponential,

and truncated (at 0) normal distributions.

The maximum likelihood estimates of the Zellner-Revankar

type stochastic frontier production function model (4.1.4)

(4.1.4)

for each of the seven representative industries are presented

in Tables 5.2.8 - 5.2.14. (Please see Chapter 4 for a

discussion of this model).

For these maximum likelihood estimates, the numbers in

parenthesis are asymptotic t-ratios. That is, they are

calculated as the ratio of the coefficient estimate to the

square root of the appropriate diagonal element for the

inverse of the information matrix. These are asymptotically

distributed as standard normal N(O,l) under the null

hypothesis that the associated coefficient is zero.
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The steepest descent iteration convergence procedure is

used in this estimation. The convergence criteria is that

improvement of the value of the log-likelihood function be

less than 0.001. All model estimates converged, except for

the domestic machinery manufacturing industry, where only the

estimates for the half-normal model converged.

In several cases where the half-normal, exponential, and

truncated normal models each converged, the model with the

best fit, as indicated by the value of the log-likelihood

function was selected for further evaluation. Note that, with

few exceptions, the parameter estimates do not vary

substantially across the three models.
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Table 5.2.8

ML Estimates for Cement Manufacturing Industry,

Adjusted Data, 1985.

============================================================
Variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model

Truncated
Normal Model

============================================================
Constant -19.18 (-3.69) -19.27 (-3.85) -18.65 (-3.59)
Log K 0.29 (4.18) 0.22 (4.24) 0.23 (4.18 )
Log L 0.95 (4.92) 0.93 (5.02) 0.93 (4.78)
Log w 0.84 (3.25) 0.88 (3.43) 0.77 (3.15 )
0 0.07 (5.10) 0.07 (5.14) 0.07 (5.04)
"A.=o [o; 1.84 (1.47) 1.86 (0.74)
o;l( ov2 +ou2 ) 1. 03 (4.95) 1.08 (0.66)
() 2.02 (2.06)
°v 0.56 (4.04 )
IJ./ou 0.26 (0.04)
============================================================
Sample Size 59 59 59
Log-Likelihood -64.88 -65.04 -64.88
° 2 0.24340 0.31207 0.26028v
o 2 0.82356 0.24565 0.90514u
============================================================
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Table 5.2.9

ML Estimates for Coal Mining Industry,

Adjusted Data, 1985.

============================================================
Variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model

Truncated
Normal Model

============================================================
Constant
Log K
Log L
Log w
s
">-.=a [o;
ad'( a v

2 +au
2 )

()

-18.05 (-4.52)
0.15 (1.70)
0.73 (3.25)
0.32 (2.39)
0.06 (6.62)
1.76 (1.79)
0.75 (5.86)

-17.79 (-4.97)
0.16 (1.81)
0.74 (3.70)
0.21 (2.49)
0.06 (6.71)

2.62 (3.02)
o •39 (5.13)

-20.69 (-5.42)
0.11 (1.55)
0.80 (3.56)
0.27 (3.10)
0.06 (6.67)
1.53 (0.74)
0.70 (0.09)

0.78 (0.85)
============================================================
Sample Size
Log-Likelihood
a 2

v
a 2

u

63
-49.54

0.13552
0.42196

63
-48.99

0.14865
0.14568

63
-49.75

0.18390
0.42980

============================================================
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Table 5.2.10

ML Estimates for Cotton Textile Industry,

Adjusted Data, 1985.

============================================================
Variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model

Truncated
Normal Model

============================================================
Constant
Log K
Log L
Log w
s
A=a [o;
a::::V'( a v

2 +au
2 )

e

-4.39 (-3.50)
0.11 (1.62)
0.95 (9.61)
0.29 (5.96)
0.02 (3.35)
2.06 (2.00)
0.30 (7.61)

-4.73 (-4.08)
0.11 (1. 64)
0.69 (10.96)
0.33 (6.61)
0.02 (3.37)

5.21 (3.55)
0.19 (5.09)

-4.50 (-3.13)
0.11 (1.66)
0.95 (9.40)
0.31 (5.84)
0.02 (3.29)
2.69 (1.53)
0.48 (1.35)

0.69 (0.19)
============================================================
Sample Size
Log-Likelihood
a 2

v
a 2

u

77
-6.71

0.02854
0.12094

77
-6.13

0.03657
0.03679

77
-6.521277

0.02795
0.20230

============================================================
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Table 5.2.11

ML Estimates for Domestic Machinery Manufacturing Industry,

Adjusted Data, 1985.

============================================================
Variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model·

Truncated
Normal Model·

============================================================
Constant
Log K
Log L
Log w
s
A=a lay
a:::VP( a; 2 +au 2 )

e

-28.27 (-10.95)
0.16 (4.46)
0.51 (4.41)
0.38 (5.67)
0.01 (5.50)
1.17 (3.90)
1.11 (6.89)

============================================================
Sample Size
Log-Likelihood
a 2v
a 2u

84
-108.80

0.52523
0.71585

============================================================

.: model estimation does not converge.
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Table 5.2.12

ML Estimates for Household Electronic Appliances Industry,

Adjusted Data, 1985.

============================================================
Variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model

Truncated
Normal Model

=================================~==========================

Constant -11. 62 (-8.40) -11. 82 (-9.23) -11. 69 (-8.05)
Log K 0.28 (2.03) 0.28 (2.14 ) 0.27 (2.04)
Log L 0.09 (3.79) 0.70 (4.15 ) 0.69 (3.97)
Log w 0.11 (3.56) 0.11 (3.87) 0.11 (3.62)
0 0.03 (7.76) 0.03 (7.88) 0.03 (7.79)
"A=a lay 2.40 (1.86) 3.03 (0.87)
a==-.:t( a y

2 +au
2 ) 0.73 (8.08) 1.02 (0.76)

(J 2.73 (3.54 )
a y 0.34 (4.68 )
IJ.lau 1.46 (0.19)
==========================================================~=

Sample Size
Log-Likelihood
a '"v
a 2

u

82
-56.05

0.07844
0.45288

82
-55.94

0.11464
0.13448

82
-55.89

0.10212
0.93483

============================================================

- ---_._----._----- -------
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Table 5.2.13

ML Estimates for Iron & Steel Smelting Industry,

Adjusted Data, 1985.

============================================================
Variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model

Truncated
Normal Model

==================================~=========================

Constant -14.13 (-8.46) -14.40 (-8.92) -14.31 (-8.19)
Log K 0.15 (1.22) 0.36 (5.50) 0.31 (2.60)
Log L 0.74 (6.31) 0.78 (7.21) 0.76 (6.89)
Log w 0.43 (4.09) 0.45 (4.25) 0.45 (4.04)
0 0.05 (3.46) 0.05 (3.68) 0.05 (3.59)
'A=o [o; 2.67 (2.74) 3.76 (0.62)
od'(Ov 2 +Ou 2 ) 0.65 (9.38) 1. 02 (0.60)
() 2.95 (4.51)
°v 0.27 (5.57)
u t a; 1.94 (0.18)
============================================================
Sample Size
Log-Likelihood
° 2v
o 2

u

80
-43.03

0.05118
0.36554

80
-42.37

0.07385
0.11524

80
-42.47

0.06921
0.97735

============================================================
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Table 5.2.14

ML Estimates for Thermal Power Generation Industry,

Adjusted Data, 1985.

============================================================
variable Coefficient (Asymptotic t-ratio)

Half-Normal
Model

Exponential
Model

Truncated
Normal Model

============================================================
Constant -7.91 (-1.89) -6.91 (-2.40) -6.60 (-1.97)
Log K 0.12 (1. 64) 0.12 (2.07) 0.12 (1.71)
Log L 0.48 (5.20) 0.48 (6.75) 0.48 (5.78)
Log w 0.49 (1.40) 0.46 (1. 69) 0.92 (1.40)
0 0.03 (7.77) 0.03 (8.02) 0.03 (7.86)
'A=a [o; 3.99 (2.28) 4.06 (3.35)
a=\/'( a v

2 +au
2 ) 1.04 (18.82) 1.39 (3.29)

e 1. 76 (7.65)
a y o.:n (5.27)
uf o; 1.36 (3.29)
============================================================
Sample Size
Log-Likelihood
a 2v
a 2

u

98
-91. 53

0.06417
1. 02084

98
-85.90

0.09695
0.32417

98
-88.64

0.11084
1.82747

============================================================
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Obviously the maximum likelihood estimates in Tables

5.2.8-5.2.14 exhibit important differences with the ordinary

least squares estimates in Tables 5.2.1-5.2.7. (Note that, ML

model estimates used for this comparison are those with the

best fit, as indicated by the value of log-likelihood

function. The OLS model estimates used for comparison are

those estimated using the adjusted data.) These differences

reflect the significant variations in the estimated enterprise

inefficiency rates, disguised unemployment rates and

elasticities of returns to scale reported later in this

Chapter. There are two major differences.

First, Table 5.2.15 indicates that, for all seven

selected industries, the variances of the one-sided efficient

disturbance terms account for 1/2 to 3/4 of the total

disturbance variances, i.e., the one-sided efficiency

disturbance terms are important and are not swamped by the

conventional two-sided stochastic disturbance terms. This

suggests that a large number of enterprises operate below the

best-practiced production frontier, and substantial

inefficiencies exist in the Chinese industrial sector. This

also suggests that the stochastic frontier production function

approach is more appropriate than the OLS "average" production

technology in measuring the best-practiced internal production

frontier. The closer enterprises operate to this frontier,

the more efficient they are.
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Table 5.2.15

Percentage of Total Disturbance Variances Accounted for by

the One-Sided Efficient Disturbance Terms

============================================================
Industry

variance --------------------------------------------------
(1) (2) (3) (4) (5) (6) (7)

============================================================
77 49 50 58 54 61 77

============================================================

Note: (1) - Cement Manufacturing Industry, (2) - Coal Mining
Industry, (3) - Cotton Textil~ Industry, (4) - Domestic
Machinery Manufacturing Industry, (5) Household
Electronic Appliances Industry, (6) Iron & Steel
Smelting Industry, & (7) - Thermal Power Generation
Industry.

Second, for all seven selected industries, the output

elasticities for capital, labor and wages are different

between the ML stochastic production frontier and the OLS

"average" production technology. These differences are

presented in Table 5.2.16, where a "+" indicates that the

output elasticities on the ML stochastic production frontier

is higher than on the OLS "average" production technology, a

"_,, indicates the opposite. Table 5.2.16 suggests that more
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efficient enterprises tend to pay higher wages, using

efficiency wages as a lever to improve productivity. The only

exception is the thermal power generation industry, where

higher wages reduce enterprise efficiency. Perhaps this is

because all enterprises in this industry are large and state

owned. The performance of their managerial and wages systems

are very inefficient.

Table 5.2.16 also indicates that more efficient

enterprises tend to hire less labor to minimize labor

redundancy. The only exception is the cotton textile

industry, where labor-intensity is a historical phenomena.

Table 5.2.15 also indicates that more efficient enterprises in

cement, cotton textile and iron and steel smelting industries

tend to be more capital-intensive. However, the more

efficient enterprises in the other four industries tend to be

less capital-intensive.
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Table 5.2.16

Output Elasticity Differences Between ML and OLS Estimates

========~====~==============================================

IndustryOutput
Elasticity

( 1) (2) (3 ) (4) (5) (6) (7)
============================================================
capital
Labor
Wages

+

+ +

+
+
+ + +

+

+
============================================================

Note: (1) - Cement Manufacturing Industry, (2) - Coal Mining
Industry, (3) - Cotton Textile Industry, (4) - Domestic
Machinery Manufacturing Industry, (5) Household
Electronic Appliances Industry, (6) Iron & Steel
Smelting Industry, & (7) - Thermal Power Generation
Industry.

The ML stochastic frontier production approach is able to

capture the best-practiced production frontier and provides

estimates of the enterprise inefficiency rates. We now turn

to these estimates.

5.2.3 Enterprise Inefficiency, Disguised Unemployment, and

Returns to Scale

Three of the maj or obj ectives of this study are to
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estimate measures of enterprise inefficiency, disguised rates

of unemployment, and elasticities of returns to scale for the

selected industries. For simplicity, these measures are

calculated for the best fit MLE models, Le., taking the

models with the highest value for the log-likelihood function.

In most cases, the exponential models exhibit the best fit -

the two exceptions being the cement and domestic machinery

industries, where the half-normal models fit best.

Enterprise Inefficiency Rates

The one-sided efficiency disturbance term u reflects an

enterprise's inefficiency relative to the best-practiced

production frontier. The enterprise inefficiency rate for

enterprise "i II is calculated using formula: u;/ (l+oQi)' Table

5.2.17 presents the average enterprise inefficiency rates for

each industry. Where possible, the rates are differentiated

by size and ownership of the enterprise.

This rate provides an estimate of the extent to which

establishments operate below the production frontier. For

example, in the cement manufacturing industry, the average

enterprise inefficient rate for medium state-own enterprises

is 15 percent. This indicates that on average these

enterprises operate at a level 15 percent below the internal

best-practiced production frontier. Note that they operate

more efficiently than the large state-own enterprises, which
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have an inefficient rate of 19 percent.

Table 5.2.17 generates some interesting inferences.

First, within each industry, the medium collective-owned

enterprises operate most efficiently (e.g., 10 percent for

household electronic appliances industry). Large collective

owned are second best (e.g., 14 percent for household

electronic appliances industry), followed by medium state

owned enterprises (e.g., 15 percent for household electronic

appliances industry). Large state-owned enterprises operate

most inefficiently (e.g., 20 percent for household electronic

appliances industry).

Second, across industries, labor-intensive industries

usually exhibit higher efficiency than do capital-intensive

industries (for example, the domestic machinery and household

electronic appliances industries have lower average

inefficiency rates than do other more capital-intensive

industries) .
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Table 5.2.17

Average Enterprise Inefficiency in Selected Chinese

Industries, 1985.

============================================================
IndustryType of

Enterprise
(1) (2) (3) (4) (5) (6) (7)

============================================================
Total 16 23 18 14 15 31
Large 19 25 19 17 17 34
Medium 15 22 14 12 13 29
state 16 23 18 16 17 31
Collective 10 12
Large-state 19 25 19 18 20 34
Medium-state 15 22 14 14 15 29
Large-Collective 11 14
Medium-Collective 8 10

22
22

22

============================================================

Note: (I) - Cement Manufacturing Industry, (2) - Coal Mining
Industry, (3) - Cotton Textile Industry, (4) - Domestic
Machinery Manufacturing Industry, (5) Household
Electronic Appliances Industry, (6) Iron & Steel
Smelting Industry, & (7) - Thermal Power Generation
Industry.

Disguised Unemployment Rates

Equation 4.1.1 and its ML estimates are used to estimate

disguised unemployment rates. Substituting ~ = ~4/~3 into

equation (4.1.1),

(4.1.1)
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provides an estimate of the labor efficiency ralte R(w).

(Please see section 4.1). The disguised unemployment rate can

be calculated as one minus the labor efficient rate R(w) for

each enterprise.

Table 5.2.18 presents the average disguised unemployment

rates differentiated by establishment size and ownership for

each industry. For example, in the cement manufacturing

industry, the average disguised unemployment rate for medium

state-owned enterprises is 17 percent. This indicates that on

average labor productivity in those enterprises is 17 percent

below the internal best-practiced production frontier, due to

the disguised unemployment phenomena. Note that, these

establishments operate more efficiently than the large state

owned enterprises, which have a disguised unemployment rate of

21 percent.

Table 5.2.18 reveals several important conclusions.

within each industry, the medium collective-owned enterprises

operate most efficiently, having the lowest levels of

disguised unemployment (e.g., 12 percent for household

electronic appliances industry). Large collective-owned

enterprise are second best (e.g., 14 percent for household

electronic appliances industry), followed by medium state

owned enterprises (e.g., 16 percent for household electronic

appliances industry). Large state-owned enterprises have the

highest rates of disguised unemployment (e.g., 21 percent for

household electronic appliances industry).
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Across industries, the labor-intensive industries usually

exhibit lower levels of disguised unemployment than do the

capital-intensive industries. Again, the domestic machinery

and household electronic appliances industries have lower

disguised unemployment rates than do other capital-intensive

industries.

Table 5.2.18

Average Disguised Unemployment in Selected Chinese

Industries, 1985.

============================================================
IndustryType of

Enterprise
(1) (2) (3) (4) (5) (6) (7)

============================================================
Total 18 21 19 16 17 27
Large 21 23 20 19 18 29
Medium 17 20 16 13 15 26
State 18 21 19 17 18 27
Collective 8 13
Large-state 21 23 20 19 21 29
Medium-state 17 20 16 15 16 26
Large-Collective 9 14
Medium-Collective 7 12

20
20

20

============================================================

Note: (1) - Cement Manufacturing Industry, (2) - Coal Mining
Industry, (3) - Cotton Textile Industry, (4) - Domestic
Machinery Manufacturing Industry, (5) Household
Electronic Appliances Industry, (6) Iron & Steel
Smelting Industry, & (7) - Thermal Power Generation
Industry.
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Returns to Scale

The estimated coefficients for equation 4.1.4 also

provide estimates of returns to scale. The variable

elasticity of returns to scale a(Q) for enterprise "i" is

given by the expression2: ex (QJ = ({32 + (33 + (34) / (l+cSQJ. This

is an advantage of the Zellner-Revankar generalized production

function over the Cobb-Douglas production function, which

assumes that the elasticity of returns to scale is constant.

Table 5.2.19 presents the average elasticity of returns

to scale differentiated by establishment size and ownership

for each industry. For example, in the cement manufacturing

industry, the average elasticity of returns to scale for

medium state-owned enterprises is 1.05, indicating that on

average these enterprises operate at an increasing returns to

scale level. Large state-owned enterprises, on the other

hand, operate at a decreasing returns to scale level, having

an average elasticity of returns to scale of 0.84.

From Table 5.2.19, we find that within each industry, the

medium collective-owned enterprises operate at increasing

returns to scale (e.g., 1.21 for household electronic

appliances industry). Large collective-owned have the next

highest returns (e.g., 1.08 for household electronic

2 This study follows Zellner-Revankar's (1969)
estimation procedure, uses S to test the statistical
differences between the variable and constant returns to
scale, and does not use this expression to do the direct test.
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followed by medium state-owned

enterprises (e.g., 1.05 for household electronic appliances

industry). The large state-owned operate most inefficiently,

with decreasing returns to scale (e.g., 0.91 for household

electronic appliances industry).

Across industries, the labor-intensive industries usually

have higher returns to scale than do the capital-intensive

industries. Again, the domestic machinery and household

electronic appliances industries operate at higher

elasticities of returns to scale in production than do other

capital-intensive industries).

Table 5.2.19

Average Elasticity of Returns to Scale in Selected Chinese

Industries, 1985.

============================================================
Type of
Enterprise

Industry

(1) (2) (3) (4) (5) (6) (7)
============================================================
Total 0.95 0.88 0.94 1.10 1.10 0.86 0.92
Large 0.84 0.86 0.92 0.97 1.02 0.82 0.92
Medium 1.05 0.89 1.00 1.18 1.13 0.88
State 0.95 0.88 0.94 0.95 1. 04 0.86
Collective 1.17 1.19
Large-state 0.84 0.86 0.92 0.96 0.91 0.82 0.92
Medium-state 1. 05 0.89 1.00 1.00 1. 08 0.88
Large-collective 1.15 1. 08
Medium-Collective 1.22 1.21
============================================================

Note: (1) - Cement Manufacturing Industry, (2) - Coal Mining
Industry, (3) - Cotton Textile Industry, (4) - Domestic
Machinery Manufacturing Industry, (5) Household
Electronic Appliances Industry, (6) - Iron & Steel
smelting Industry, & (7) - Thermal Power Generation
Industry.
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5.2.19 show that more efficient

enterprises tend to have lower disguised unemployment and

higher returns to scale. Although higher enterprise

efficiency is not a necessary and sufficient condition for

lower disguised unemployment and higher returns to soa.l.e",

this result see1ns consistent with the actual situation in

Chinese enterp~ises.

Tables 5.2.17 - 5.2.19 reflect the following stylized

facts concerning Chinese urban industrial sector. First of

all, within a specific industry, the medium collective-owned

enterprises have the best performance with lowest enterprise

inefficiency, disguised unemployment and highest returns to

scale. Large collective-owned are the second best, followed

by medium state-owned enterprises. Large state-owned operate

most inefficiently with the highest enterprise inefficiency

rates, disguised unemployment rates and lowest elasticities of

returns to scale.

Secondly, across industries, on average, the labor-

intensive industries usually have better performance than the

capital-intensive industries.

The maj or reasons for these stylized facts are the

existence and intensity of the Chinese government's centrally

planned economic policies of state ownership, full employment

and egalitarian wages. In both state- and collective-owned

3 Since it is also affected by other input variables,
i.e., capital, labor and wages (Table 5.2.15).
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industrial enterprises, the medium industrial enterprises

usually operate more efficiently than the large ones. This is

in part due to the fact that the medium indus'trial enterprises

have more autonomy in adjusting their personnel, wage and

management systems than the large ones, since the government

planning and control are mor'e concentrated on these large

enterprises. It is also the case that the medium industrial

enterprises usually are more recently established than the

large ones, so they have newer vintage equipment and younger,

more reform-oriented managerial personnel and employees.

The collective-owned enterprises operate more

efficiently, with lower enterprise inefficiency, disguised

unemployment and higher returns to scale than the state-owned

industries. Again, this reflects the fact that during this

early stage of Chinese economic reform, management in the

state-owned industrial enterprises still did not have enough

autonomy in adjusting personnel, management policies, and wage

systems for the purpose of maximizing profits or minimizing

production costs. The collective-owned industrial enterprises

tended to be more market-oriented and operated more flexibly

and efficiently under the market-planning mixed economic

regime. Furthermore, most of the medium collective-owned

enterprises were established after 1978 (the onset of economic

reform), and have newer vintage equipment and both the

managerial personnel and employees tend to be younger and more

reform-oriented than those in the state-owned enterprises.
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The large collective-owned enterprises tend to be a little

older than the medium ones. Most of them were established

before 1965 (the onset of the Cultural Revolution). Their

equipment, managerial personnel and employees are

comparatively older, and their managerial personnel and

employees tend to be more conservative about the changes in

personnel, wages and resource management systems.

The medium state-owned industrial enterprises's

managerial personnel are usually assigned by the local

government and tend to be less reform-oriented than those in

the medium collective-owned industrial enterprises. Most of

the equipment and management systems in the large state-owned

industrial enterprises were imported from the former USSR in

the 1950s or early 1960s. They are usually obsolete, and

operate less efficiently than those in the other types of

industrial enterprises.

The capital-intensive industries usually have higher

levels of enterprise inefficiency, disguised unemployment and

lower levels of returns to scale. This is because most of

them are state-owned industrial enterprises with poorer

management than the collective-owned industrial enterprises.

They tend to be less efficient in utilizing capital and labor

inputs. The labor-intensive industries, on the other hand,

include a high proportion of collective-owned enterprises and

use capital and labor inputs in a more efficient way. They

have a better managerial system in adjusting wages and bonuses
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according to employee's performance.

5.2.4 Summary

Several interesting observations are drawn from these

estimates. These include the following.

(1) In Chinese large and medium urban industrial

enterprises, capital, labor, and wage inputs all have

significant and positive effects on production output.

However, these inputs do not always have significant and

positive effects on improving enterprise efficiency.

(2) The one-sided efficiency disturbance terms are

important and are not swamped by the conventional two-sided

stochastic disturbance terms. This suggests that a great

number of enterprises operate below the best-practiced

production frontier.

(3) There is considerable variation in enterprise

efficiency, disguised unemployment and returns to scale levels

among the large and medium industrial enterprises.

(4) Industries with higher capital-Iahor ratios usually

have higher levels of enterprise inefficiency and disguised

unemployment. The exception is the cotton textile industry,

which has very old vintage equipment.

(5) Enterprise inefficiency and disguised unemployment
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rates are usually higher in the state-owned than in the

collective-owned enterprises.

(6) Among the labor-intensive industries, the medium

collective-owned enterprises operate most efficiently. They

have lower inefficiency and disguised unemployment rates, and

higher elasticities of returns to scale than other

enterprises. Large collective-owned are the second best,

followed by medium state-owned enterprises. Large state-owned

enterprises operate most inefficiently with the highest

enterprise ineff iciency , disguised unemployment and lowest

returns to scale.

(7) Among the capital-intensive industries, the medium

state-owned enterprises are more efficient than the large

state-owned enterprises.

(8) On average, enterprise efficiency is approximately 20

percent below the best-practice production frontier and 22

percent of the employees in the Chinese large and medium urban

industrial enterprises are redundant -- part of the "on-the

job" disguised unemployment. This is probably due to the

Chinese government's command economic policies of state

ownership, full employment and egalitarian wages in its urban

industrial sector.

(9) The fact that the output elasticity for wages, ~4' is

significant and positive indicates that an increase in real

wage rates has a positive effect on labor productivity, as is

consistent with efficiency wage theory. However, the fact
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that on the best-practiced production frontier, the output

elasticities for wages are not always higher than those for

the "average" production technology, indicates that an

increase in wages does not always lead to improvement in

enterprise efficiency. This suggests that in China and other

centrally planned state socialist countries, efficiency wage

theory can play an important role in stimulating labor

productivity growth and overall economic development on the

"average" production technology. It does not always provide

guidance for improving enterprise efficiency, especially on

the best-practiced production frontier.

(10) In all of the estimated models, a non-zero value of

the returns to scale coefficient 0 is statistically

significant at any reasonable level of significance, thus the

Cobb-Douglas specification is rejected.
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CHAPTER 6

CONCLUSIONS

6.1 Main Issues and Empirical Findings

Enterprise inefficiency and disguised unemployment are

major concerns of the Chinese government and have motivated

economic reform policies. It has been argued that the Chinese

urban industrial enterprises are centrally controlled by the

bureaucratic state, are not sUbject to market mechanisms, and

have no incentive to maximize profits or minimize production

costs (Prybyla, 1987, p.259i Shirk, 1989). It has also been

argued that workers in Chinese urban industrial enterprises

have few economic incentives to be productive. It is,

therefore, important to estimate the approximate levels of

enterprise inefficiency and disguised unemployment in the

urban industrial sector so that we can uncover the likely

causes for these phenomena and propose suitable reform

measures.

The major objectives of this study are: (1) to determine

the extent of urban industrial enterprise inefficiency and

disguised unemployment, (2) to relate these to government

policies of state ownership, full employment and egalitarian

wages, and (3) to make feasible suggestions concerning further

economic reform.
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The methodology of this study, which combines a

stochastic frontier production function and efficiency wage

theory into a Zellner-Revankar generalized production function

framework, is innovative, especially for analysis of Chinese

urban industrial enterprises. Micro enterprise-level data

from the 1985 Chinese Industrial Census were employed. Seven

industries, which have relatively large samples, were chosen

for this study. These industries are divided into capital

intensive and labor-intensive. Enterprises are further

divided into state-owned and collective-owned, large and

medium size groups.

The concepts of net values of fixed assets and average

number of employees employed by China are different from those

used in most countries, since they include certain proportions

of capital and labor used for nonindustrial purposes. This

study attempted to delete the nonindustrial portions of

capital and labor in order to make them compatible with output

and wage variables. The adjusted data produced more

reasonable results than the unadjusted data.

The major findings can be briefly summarized as follows.

Enterprise inefficiency. The one-sided efficiency

disturbance terms are statistically significant and are not

swamped by the conventional two-sided stochastic disturbance

terms. This suggests that there is substantial enterprise

inefficiency within the Chinese urban industrial sector. A
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great number of Chinese enterprises operate below the best

practiced production frontier. On average, enterprise

efficiency is approximately 20 percent below the best

practiced production frontier.

This is due largely to Chinese government's command

economic policies of state ownership, full employment and

egalitarian wages in its urban industrial sector. These

policies were imported from the former USSR in the 1950s and

later were proved to be very inefficient during the economic

and political reforms in the USSR and Eastern Europe.

variation in efficiency rates across forms of ownership is

consistent with this belief. Empirical results indicate that

within a specific industry, the collective-owned enterprises

operate more efficiently than the state-owned (Table 5.2.17).

These enterprises have more autonomy in production planning,

management, marketing, personnel system and use of efficiency

wages as a lever to improve productivity.

This study found that medium enterprises operate more

efficiently than the large ones. Perhaps this is because they

usually have newer vintage equipment, younger and more reform

oriented managerial personnel, and are subject to less

bureaucratic state control. In most circumstances, the medium

collective-owned enterprises operate most efficiently. Large

collective-owned are second best, followed by medium state

owned enterprises. Large state-owned enterprises operate most

inefficiently.



119

This study also found that across industries, the labor

intensive industries usually have higher enterprise efficiency

than the capital-intensive industries (Table 5.2.17). The

latter were established mostly with the help of the former

soviet Union in the 1950s and early 1960s, and tend to have

old managerial and personnel systems, and obsolete equipment.

Disguised unemployment. On average, almost 22 percent of

the employees in the Chinese large and medium urban industrial

enterprises are redundant or among the "on-the-job" disguised

unemployment category (Table 5.2.18) . The Chinese

government's full employment and egalitarian wage policies are

the major causes for this low labor productivity phenomenon.

This study found that within each industry, the medium

collective-owned enterprises again operate most efficiently,

having the lowest level of disguised unemployment (Table

5.2.18) . Large collective-owned enterprises rank second,

followed by medium state-owned enterprises. Large state-owned

enterprises operate most inefficiently with the highest levels

of disguised unemployment. Discretion over personnel matters

is weakest in these large state-owned enterprises. The

greater labor redundancy in state-owned enterprises may also

be related to their capital intensity. Table 5.2.18 also

showed that across industries, the labor-intensive industries

usually have lower levels of disguised unemployment than the

capital-intensive industries.

Returns to scale. In all of the estimated models, a non-
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zero value of the elasticity of returns to scale 0 is

statistically significant at any reasonable level of

significance. Thus the Cobb-Douglas specification which

ignores the variable returns to scale effect and assumes

constant returns to scale is rejected.

within a specific industry, the medium collective-owned

enterprises operate most efficiently, having high increasing

returns to scale (Table 5.2.19). Large collective-owned

enterprises rank second, followed by medium state-owned

enterprises. Large state-owned enterprises operate most

inefficiently, having decreasing returns to scale. Across

industries, on average, the labor-intensive industries usually

have higher returns to scale than the capital-intensive

industries.

We can summarize these findings by stating two stylized

facts about the Chinese urban industrial sector. First,

within a specific industry, medium collective-owned

enterpri~~s exhibit the best performance, having the lowest

enterprise inefficiency rates, lowest disguised unemployment

rates and highest elasticities of returns to scale. Large

collective-owned enterprises are second best, followed by

medium state-owned enterprises. Large state-owned enterprises

operate most inefficiently, with the highest enterprise

inefficiency rates, disguised unemployment rates and lowest

elasticities of returns to scale. Secondly, across

industries, on average, the labor-intensive industries have
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better performances than the capital-intensive industries. I

have argued in Chapter 5 that the maj or cause of these

stylized facts is the existence and intensity of the Chinese

government's centrally planned economic policies of state

ownership, full employment and egalitarian wages.

Efficiency wages effect. The fact that the output

elasticity for wage, ~4' is significant and positive indicates

that an increase in real wage rates has a positive effect on

labor productivity, as is consistent with the efficiency wage

theory. However, I found that on the best-practiced

production frontier, the output elasticities for wages are not

always higher than those for the "averagell production

technology, indicating that an increase in wages does not

always lead to an improvement in enterprise efficiency. This

suggests that in China and other centrally planned state

socialist countries, efficiency wage theory can play an

important role in stimulating labor productivity growth and

overall economic development for "average" production

technology. It does not always provide guidance for improving

enterprise efficiency, especially on the best-practiced

production frontier.
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6.2 policy Implications

There are several policy implications from this study for

Chinese economic reforms. First, in this early stage of

Chinese economic reform, collective ownership has proved to be

more efficient than the state ownership. Collectives have

lower rates of inefficiency , lower labor redundancy, and

greater returns to scale. The managers in collective-owned

industrial enterprises have more autonomy to use market

mechanisms and more incentives to raise labor and total

productivity.

This study showed that, on average, collective-owned

enterprises' efficiency levels are 5-6 percent higher (Table

5.2.17), labor redundancy levels are 5-9 percent lower (Table

5.2.18) and returns to scale levels are 15-22 percent higher

(Table 5.2.19) than state-owned enterprises. This implies

that overall enterprise efficiency and output levels can be

increased, and disguised unemployment can be reduced by

transferring resources from state-owned industrial enterprises

to collective-owned ones and/or transferring state ownership

to collective ownership.

However, it is recommended that the process of moving

from centrally planned economic regime to a market-planning

mixed economic regime be gradual, and that "over reform" to a

private ownership and pure market economic regime should not

be recommended in this early stage. The fear is that the
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recent economic collapses and political instability in the

former USSR and Eastern Europe may be repeated in China.

Secondly, labor-intensive industries have proved to be

more efficient than capital-intensive industries. They have

lower rates of inefficiency , lower labor redundancy, and

greater returns to scale. This study showed that, except the

cotton textile industry, that on average labor-intensive

industries' efficiency levels are about 15 percent higher

(Table 5.2.17), labor redundancy levels are 8 percent lower

(Table 5.2.18) and returns to scale levels are 20 percent

higher (Table 5.2.19) than capital-intensive industries. This

implies that overall enterprise efficiency and returns to

scale can be improved, and disguised unemployment can be

reduced by transferring resources from capital-intensive

industries to labor-intensive industries.

Capital-intensive industries should also modernize their

technologies and management systems. Since most of the "key"

enterprises in these industries were established with the

assistance of technical and managerial personnel from the

former USSR in the 1950s or early 1960s, both the technology

and management system are obsolete. Their enterprises operate

very inefficiently compared not only with international

standards, but also with domestic standards.

Third, the "soft budget constraint" has proved to be very

inefficient in distributing resources among state-owned and

collective-owned enterprises (Perkins, 1988, pp.616-617).
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Although the bUdget constraint has been hardened sUbstantially

in the mid-1980s, the government is still using determined

rates of interest to control the financial situations of

enterprises. There are still obstacles for Chinese

enterprises to move from a bureaucratic to a market economic

system. The government should give both state-owned and

collective-owned industrial enterprises more autonomy, less

centralized control and assign them more educated, reform

oriented managerial and technical personnel. They should be

made to move towards a market-planning mixed economic regime

to improve their efficiency.

Fourth, this study showed that, in most circumstances,

efficiency wages have significant and positive effects on

output (Table 5.2.15). The estimated output elasticities for

wages range from 0.11 for household electronic appliances

industry to 0.88 for cement manufacturing industry (Tables

5.2.8-5.2.14) . This implies that overall enterprise

efficiency and returns to scale can be improved, and disguised

unemployment can be reduced by using the more rational wage

and bonus distributions. The government should give

industrial enterprises more autonomy in moving away from the

egalitarian wage system and using efficiency wages as a lever

to improve their efficiency and productivity.

Fifth, this study (Table 5.2.18) showed that, on average,

medium collective-owned enterprises have the lowest disguised

unemployment rates (7-12 percent), large collective-owned
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enterprises's disguised unemployment rates are 2 percent

higher (9-14 percent), medium state-owned enterprises's are

about 15-26 percent, and large collective-owned enterprises's

disguised unemployment rates are the highest (19-29 percent).

This implies that disguised unemployment can be reduced by

transferring labor from state-owned industrial enterprises to

collective-owned ones and/or transferring from large to medium

sized enterprises.

Sixth, the government should partially abolish the full

employment system in its industrial sector, decontrol of the

centrally planned economy and allow cross-industry, inter

industry and inter-enterprise labor transfer. Substantial

enterprise efficiency gains and disguised unemployment

reductions can be achieved through labor transfer from the

state- to the collective-owned enterprises, from the large to

the medium enterprises, through wages and bonus adjustment

according to employee's performance, and through competition

among different forms of ownership.

Seventh, the Chinese government usually uses subsidies

and taxes to address distributional problems. At the early

stage of economic reform, the central government gave

substantial subsidies to several southern provinces to

encourage their economic development process of moving from a

centrally planned economic regime to a market-planning mixed

regime. The government allowed these provinces to pay very

low taxes. Now these provinces have become much richer than
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other provinces, as the market economy has become dominant

there. Although the central government has begun to cut

subsidies to these provinces, it still allows them to pay low

taxes. The reform process for China as a whole is unbalanced.

I suggest that the Chinese government should not only use

subsidies and taxes as tools to encourage economic reform, but

also adjust them annually or even quarterly to minimize the

distributional losses.

6.3 suggestions for Further study

I have several suggestions for further study of

enterprise inefficiency and disguised unemployment in China

using the stochastic frontier production function model.

First, I confronted severe data limitations and future work

would benefit from the collection of better data. This study

used the 1985 Chinese industrial census cross sectional data.

The concepts of net value of fixed assets and average number

of employees employed in China are different from those used

in market economies, since they include capital and labor used

for nonindustrial purposes. This study attempted to purge the

nonindustrial portions of K and L in order to make them

compatible with the industrial output variable. It would be

better if we had more accurate information about capital and

labor used only for industrial purposes. Also, many recent

studies of production employ panel data. Panel data can
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provide more accurate information to support dynamic analysis.

Further study using the panel data should be pursued.

Finally, the value added measure is the only output measure

provided in the pUblished 1985 Chinese Industrial Census data.

The production function model used in this study, therefore,

is a value added specification. Price variation across

enterprises within a specific industry could be a source of

value added variation, and further study using other output

measures, such as value of shipments, should be pursued.

Second, this study used three types of probability

distributions for the one-sided error component to measure the

enterprise inefficiency. These three types are the half

normal, exponential and truncated (at 0) normal distributions.

For the domestic machinery manufacturing industry, the

exponential and truncated (at 0) normal model estimates did

not converge. This means that the exponential and truncated

(at 0) normal models are not appropriate for measuring the

enterprise inefficiency for that industry, and suitable

probability distributions need to be further studied.

Third, since the early 1960s, there has been a

substantial progress in the field of Bayesian analysis. A

growing number of econometricians have noted that prior

information plays an important role in econometric analysis

and that Bayesian analysis can provide a formal, and

operational framework for incorporating prior information.

Many major research problems in econometrics have been solved
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using Bayesian analysis, and the results have compared very

favorably with non-Bayesian classical ones. At first, this

study attempted to utilize the Bayesian approach into the

stochastic frontier production function model, but due to the

difficulties in multiple numerical integration in using the

existing major computer programs, I had to finally drop the

Bayesian analysis. since in the literature no one has ever

built a Bayesian stochastic frontier production function model

based on the important prior information, further study in

this area should be encouraged.
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