
rff'3.1

GRAIN PRODUCTION IN CHINA
ProductivitY Changes and

Provincial DiJparities, L978-L990

By

Hong Yang

Centre For Asian Studies
The UniversitY of Adelaide

A thesis submitted for the degree of Doctor of Philosophy in The

University of Adelaiãe, Australia' October' L994

A*,.0o\c'-\ \'ìct'-



To my familY and teachers

ii



Contents

List of Tables
List of Figures
List of MaPs
Acknowledgments
Research Declaration
Abstract
Abbreviations

Chapter 1 Introd-uction

1.1 The Background of the StudY

1.2 Major Issues in the StudY

1.3 Characteristics of the stúay and the Economic significance

1.4 Structure and Content of the Thesis

Chapter 2 Theoretical Notions of Productivity
and EmPirical Studies of China's
Agricultural Production

2.1 Introduction
2.2 partial productivity and Totai Factor Productivity

2.3 Measurement of Total Factor Productivity
2.3.1 The Cobb-Douglas Production Function and

its DeveloPment
2.3.2 Flexible Fúnctional Forms - the Translog Production

Function
2.3.3 Total Factor Productivity Index

2.4 Studies of Labour and Land Productivity in china's Agricultural
Production

2.4.7 Surplus Labour vs Labour Productivity
2.4,2 Lan^d Productivity and Output Potential

2.5 Review of studies of Total Factor Productivity: significance,

Limitations and Problems

2.5.1 Review of studies of Total Factor Productivity in Chinese

Agricultural Production
2.5.2 Cõmments on the Pr:vious Studies

2.6 Concluding Remarks

v111

ix
ix
xi
xii
xiii
XV

1

1

5
7

11

74

1.4

15
17

18

20
22

24
24
26

27

27
34
40

iii



Chapter3RegionalGrainProductionand^ Some ConcePtual Issues
3.1 Introduction
3.2DefinitionofRegionsandtheSignificanceofProvincial

Studies
The Definition of a Region
Àfii."rt"ral Division - omogeneous Region

Africultural Regions w r provincial Administrative

Boundaries
3.2.4 Provinces and Regions

3.3 Some ConcePtual Issues

3.3.1 Agriculture: "Big" and "Small"

3.3.2 Rural Enterprisei and Rural Industries

3.4 Underr.por,"J Eg"tËt for C.ultivated Land and Their Possible

Impact õn the Analysis of the Present Study

3.2.7
3.2.2
3.2.3

42
42

43
M
45

49
55
57
57
59

61

65

65
66

68
68
75
79
79
82
86

chapter 4 An Overview of China's crain
^ Production, 7978-7990

4.1 lntroduction
4.2 The Long-term Trends in China's Grain Production

4.3 NationaiGrain Production and Structural Change

Between 1978 and 7990

4.3.7 Changes in Nationai Grain Production

4.3.2 Structîral Changes in Grain Production

4.4 Provincial Grain Productiõn Changeg letwe¡n 7978 and 1990

4.4.1' The Spatial Distribution of Grain Production

4.4.2 Changes in Provincial Grain Production

4.5 SummarY and ImPlications

Chapter 5 Analyses_ of the Growth Patterns
of C rain Yields

5.1 Introduction
á.i À""rysis of Growth patterns of National Grain Yields

5.2'1 Changes in National Grain Yields

5.2.2 t.rput"ct'anges, weather Fluctuations and the Growth

Patterns of Grain Yields

5.3TheSpatialDistributionofProvincialGrainCropsandits
Impact on Provincial Aggregate Grain Yields

88

8B

89
90

93

103

iv



5.3.1 The Spatial Distribution of Grain Crops

5.3.2 The Impact of Natural Conditions on Provincial

Rggregäte and Disaggregate Yields

5.4 The Growth patîerns of Disagfre[ut" Provincial Grain Yields

5.5 Conclusion and ImPlications

Appendix5'AMeasuremerrtoftheEffectsofGrainProduction
Structures on Provincial Aggregate Grain Yields

104

107
1,16

179

Chapter 6 Estimation of Grain Production
Functions and AnalYsis of the

Parameters

122

724

124
125
726
128
130
132

133
137

145
150

1,52

155

157

158

158
159
759

1,61

168
775

6,1 lntroduction
6.2 Data SPecification

6.2.i Choice of the Data Set

6.2.2 The Measurement of Labour Input

6.2.3 Land, Chemical Fertiliser and other capital Inputs

6.2.4 The Variable for Weather Fluctuations

6.3SpecificationoftheModelforEstimatingGrainProduction
Functions

6.4 Report of the Estimating Results

ã.s Áriurysis and ð.Ãprrirän of production Functions for wheat,

Rice and Corn
6.6 SummarY and Remarks

Appendix 6.A.7 The SPB SurveY
2. The Ministry of Agriculture's Survey

Appendix 6.8 The Mean of Areas Affected by N1lural Disasters and

theMeanofTotalSownAreas'1980'1983-7992

Chapte r 7 Changes in Total Factor Productivity
and Sóurces of Yield Growth

7.1 Introduction
7.2TFPI and Patterns of Growth

7.2.1' ComPuting TFPI
7.2.2 Growth Patterns and the spatiat Distribution of Total

Factor ProductivitY
7'3AnalysisoftheGrowthPatternsofTFPIforWheat,Riceand

Corn
7.4 Accounting for Sources of Yield Growth

v



7.4.7
7.4.2

7.4.3

The Method of Accounting for Yield Growth
À..o""ti"g for the Yield Growth of Wheat' Rice and

Corn
The Comparison of the Sources of Yield Growth for

775

177

183
784

186

186
189
195
195
196
198

198

Wheat, Rice and Corn
7.5 Conclusion and ImPlications

Chapte, B I Further Anaþsis.of the Changes
rn Total Factor ProductivitY
of Grain Production

8.1 Introduction
g.2 The Attributes of Variables and Data specifications

S.3TheAnalyticalModelandtheEstimationResults
8.3.1 The Model SPecification
8.3.2 RePort of the Results

g.4 Analysis of ihe Results and Economic Implications
g.41 Effects of Prices, Incomes and the Development

ofRuralEnterprisesonChangesinTotalFactor
ProductivitY Prior to 1985

g.4.2 The Roles óf p.i."r, Incomes and Rural Enterprises

in Grain Production After 1985

S.4,sHotrseholdAverageGrainSownAreasandEconomies
of Scale

8.5 Conclusions

Appendix 8.4 Estimates of Variables Responsible for Changes in

Total Factor Procluctivity, 7987-1990

Chapter 9 Production Efficiency and the Role

ofProvincialGovernmentsinGrain
Prod.uction

9.1 Introduction
g.2 Provincial Production Efficiency and Its Relationship to

Grain Yield
9.2.1 The Determination of Provincial Production Efficiency
g.2.2TheRelationshipBetweenYieldandProvincial

Production EfficiencY
g.3RelativeEfficiencyinProvincialGrainProduction
g.4 The Role of provincial Governments in Grain Production

9.5 Conclusions and ImPlications

204

208
212

274

2't5

215

218
278

219
224
229
232

v1



Chapter L0 conclusions and Future Prospects 235

235
236

245

249

L0.1 Introduction
10.2 The Summary of Conclusions and Major Find.ings

iO.a mptications ánd prospects for Growth of Total Factor

ProductivitY in the 1990s

BibliograPhY

v11



List of Tables

Table 2.1 Output Elasticities of Factor Inputs in Selected Previous

Studies

Table 3.1 several Definitions of Regions in studies of Agricultural
Production

Table 4.1 Grain output, sown Area and Yield ,7952,1978 and 1990

Table 4.2 Changes iñ Grain Outputs,7978-7990
Table a.3 Chanþes in Grain Sown Areas, 7978-1990

Table 4,4 The Relative shares of sown Area of selected Grain Crops'

7978,1985 and 1990

Table 4.5 The Relative shares of output of selected Grain Crops,

7978,1985 and 1990

Table 4.6 Changes in Provincial Grain sown Areas, 7978-1990

Table 4.7 Chanfes in provincial Grain output, 7978-7990

Table 5.1 Changes in Grain Yields, 7978-7990

Table 5.2 Standard Labour Days and Material Inputs Per Unit sown

Areas, 1978-7990
Table 5.3 Areas Covered By Plastic Film and Planted with Hybrid

Varieties
Table 5.4 Quantities and shares of sown Areas of Grain Crops for

Different Provinces ,1988-7990 (three years average)

Table5.5QuantitiesandSharesofoutputofGrainCropsfor
Different Provinces ,1988-799-0 (th.ee years average)

Table 5.6 Growth Patterns of Yietd of Respective Grain Crops for

Different Provinces, 797 8-7990

Table 6.1 Estimates of Production Functions for Wheat, 1981-1990

Table 6.2 Estimates of Production Functions for Rice, 7987-7990

Table 6.3 Estimates of Production Functions for Corn, 1987-7990

Table 6.4 Comparison of the Coefficients of wheat, Rice and Corn

Table 7,1 Total Factor Productivi
Table 7.2Total Factor Productivi
Table 7.3 Total Factor Productivi
Table 7.4 Stale BudgetarY ExPen

Table 7.5 Source, or Gro*th of wheat Yields, 1981-1990

Table 7.6 Sources of Growth of Rice Yields, 1981-1990

Table 7,7 Sources of Growth of Corn Yields, 1'987-7990

Table 8.1 Estimates of the Variables Influencing Changes in Total

Factor Prod'uctivity of Wheat, Rice and Corn

35

52

67
77

73

75

75
83
84

97

95

100

105

1,06

777

139
743
1,44

747

752
1,65

167
173
178
179
180

197

viii



Table 8.2 Ratio of Average Grain Price to Material costs Per Unit of

Outputforthe-I{espectiveGrainCrops'7980-7990
Table 8.3 Changes and Sourèes of Farmers' Average Net Incomes

Per Cãpit a,7978-7990 (Constant prices)

Table 8.4 Changès in Farmers' Food Consumption, L9T8-7990

Table 8.5 Housõhold Average Sown Areas, Labour Inputs and

Returns of Grain Production,7990

Table 9.1 Provincial Relative Production Efficiency in wheat,
Rice and Corn Production

List of Figures

rain Sown Area and Output,7978-1990
rain OutPuts,7978 and 1990

rain Sown Areas, 7978-7990

Shares of Sown Area of Selected Grain Crops'

7978,1985 and 1990

Figure 4.5 The Relative shares of output of selected Grain Crops,
- 1978,7985 and 1990

Figure 5,1 Changes in Grain Yields, 7978-79

Fifure 5.2 GrairiYields and the Areas Affec by Natural Disasters,

7978-7990

199

201
203

277

226

69
72
74

76

76

92

Figure 9.1 The Relationship between wheat Yield and the Level of

ProductionEfficiencyforDifferentProvinces
Figure 9.2 The Relationship beiween Rice Yieid and the Level of

production Effiðiency for Different Provinces

Figure 9.3 The Relationship between Corn Yield and the Level of
production Effiòiency for Different Provinces

103

220

221

222

List of MaPs

Map 3.1 China's Agricultural Regions

rrrfaþ a.Z Agricultuial Regions Baled on Provincial Boundaries

Map4'lDistributionofGrainSownAreabyProvinces,1990

46
50

80

ix



l/lapA.ZDistributionofGrainOutputbyProvinces,1990

Ld,1,989 /1990
ent Provin ces, 7989 / 1990

ferent Provinces ,1989 /1990
rent Provinces, 1'989 /7990

81

109
112
113
114

X



Acknowledgments

This thesis is indebted to many people'

Iam
Watson, for
period of mY
knowledge o

helpful in cl
insights and
completion of this thesis.

I am also indebted to Dr Christopher Findlay for his very helpful

comments and advice pertaining to the analyses and ideas in the thesis'

Thanks are also due to Dr Tin Nluyen and NÀrs Margaret Mey.ler for their

help with econometric and statisticai problems during my studies'

Furthermore, I also benefited from many discussions ¡¡¡ith Dr

Yanrui wu, Dr Harry wu and other colleagues of the Chinese Economy

Research unit (CERU) of the university of Ãaetaide. I also wish to thank

Dr Xiaoh e ZnaÃi for reading the wh-ole draft and commenting on the

thesis. I would like to add, however, that any errors contained within this

thesis are solely tl're responsibility of the author'

I have been privileged to have access to data essential to my research

mad.e possible through 
"CERU. I wish to thank Dr Enjiang Cheng for

helping me to acquirethinese statistical data from computer networks'

During the Period of mY s

Asian Studies were helPful in vari

)enny Dorsett for her assistance

enjoyed the friendshiP and comPa

Finally, I wish to thank my family for their enormous support and

encouragement. I am in particular indebted to my son for his great

understJnding and patience during tÌ e period of my study'

X1





Ab str øct

This study inuestigøtes chønges.in the..total føct-or productiaity tf
grøin productioñ ønd tLleir contuituüon to the growth of grøin output

between L978 ønd L990. lt focuses on exømining the factors r.esponsible for
pr'oductiaity . p ørticulàr nttention is deaoted to

the dispørities ømong proainces ønd respectiae

ain.cial þroduction efficiency in terms of resource

r h e f o u n d ø t i o tt u n d u Iv i n g 
i! i,,î ",|',1,t !,!L,lì r 

t 

l; rä:*,t hi'" r 
t ni 

r
roductiaity. The ânølysis foind thøt during the

'#lî:r"i'i]^,i,!:'"iî:"f i;:J;iii",Ï""'¡Ë,r;:'
,orty yrås of the 1'980s' Aftï L985' the.growth

of grøin output u)as møinly ífrí ,rtutí of increøsing inputs, while total

føclor productiaitY støgnøted'

Thestudy(Úguesthattherapidimp.roaementintotølføctor
productiuity auíing ih,e eørly_1980s st'emmed fl9* the one-time gøins tÍ
the implementøtion of the Household Respons.ibility System' Tlit effect

reøched its t¡m¡i¡i Uy'tne mid 1980s. Further improaement of to,tøI factor.

fiiair:¡i,ity, thereiore, hø.s to rely on innoaøtion ønd the application of

neu) technology ú exi:tend the próduction frontier as well øs on policies

proaiding incentiaes fo, grøin pro.ductioi' Ho*"u',du,':'7- 
^t!t 

whole

period studied, gorrrr*,nt .þolices .with .',esyec! to øgriculturøl

inaestment, ogríruiturol reseørch', promotion of technology 'ryd 
marketing

ref orms u)ere generally unfaaourøble to the improaement of totøl factor

f|iauctnny of g;røin 
"prodi.ction. The increøse h the grain price during

the eørly 1.g10s'htød ø posi-tiae effect..on. the improaement of .totøl føctor

productiuity. ¡,p.1 tgBS, the gei'erøIly lo.w relatiue prices of grøin høae

ølso been responsible for the sløgnø1-ion of .totøl f-øctor productiaity during

the second hrtf 
";i";hi1gSO,t. 

Thi eft'e.ct oi.t9* reløtiae prices' howeaer' has

been intensified' fiy tlte sntall ,L|il, t¡ household ørøble lønd' which

constrains the iínproaement of labo'ur productiaity ønd theref ore

household incomes'

The aariøtions in the growth of totøl føctor .productiaity amonS

proainces *rrr- 
-ri-gii¡icønt, 

.øid ' be closely reløted to the

uneaen arrrtop*i'r.i ot' the in different øreas' The

dispørities in the growtit pøtter p::!"::.t:::V 
^:::"s 

grøin

crops were øssoc¡ited with the rent grøin crops and the

lea'el of centrøl control oaer production'

xiii



Thestcloserelatnaturalconditions
ønd the leuel n efficiency ainces fo-r respectiae-

grøin crops. of 
"grøin pr reøs where nøturøl

Tonditions ø e' fõr , r r,ilrï,,:;r,ri:::rr'Jr"r',ul!i{,!1."ír 

""
entrøl goaernment's ødministratiae
tion is sometimes unøble to Pursue
øaøiløble resources' Entirely remouing

tion is considered to be necessøry for

further improaing totøl factor productiaity ønd for ø more efficient use of

nøtionøI resources.

xiv



Abbreviations

1 Sources cited in the thesis

ECCAY:
ECCREY:

EditorialCommitteeoftlreChineseAgriculturalYearbook
Editorial Committee of the Chinese Rural Enterprises

Yearbook
Economic Research Service
National Survey of Costs and Returns of Agricultural

Production
The State Price Bureau
The State Statistical Bureau
United States, Department of Agriculture
Chinese Agricultural Yearbook
Chinese Rùral Statistical Yearbook
Statistics of Chinese Agriculture
Chinese Statistical Yearbook
Chinese Price Yearbook
Chinese Price Statistical Yearbook
Chinese Rural Enterprises Yearbook

ERS:

QNCSZH

SPB:
SSB:
USDA:
ZNN:
ZNTN:
ZNTZ:
ZTN:
ZWN:
ZWTN:
ZXQN:

2 Names and Identity Numbers of Provinces

BJ:

TJ,

HB:
SX:
NM
LN:
Þ,
HLI
SH:

IS'
ZJ:

1.

2.
J.
4.
5

6.
7.

8.
o

10
11

G

Beijing
Tianjin
Hebei
Shanxi
Neimenggu
Liaoning
Jilin
Heilongjiang
Shanghai
jiangsu
Zhejiang
Anhui
Fujian
Jiangxi

15. SD:
16. HN:
17. HUB:
18. HUN
19. GD:
20. GX:
21. SC:
22. GZ:

Shandong
Henan
Hubei
Hunan
Guangdong
Guangxi
Sichuan
Guizhou
Yunnan
Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

23. YN:
24. SAX:
25. GS:
26.QF{:
27. NX:
28. Xl:

12. AH:
13. FJ:

14. JX:

3 Others

HRS:
mha:
mmt:
mmu:
TFPI:

Household ResPonsibilitY SYstem

million hectare
million tonnes
million mu
Total factor procluctivity inclex

XV



Chapter l-

Introduction

1-.L The Background of The StudY

Grain production is the most important component of China's

agriculture. Producing sufficient grain to meet an ever-increasing demand is

always a high priority for the Chinese government. since 1978, with the

beginnir-rg of the rural reforrns, China's agricuiture has undergone significant

changes. One of the most important results has been the rapid increase in

total grain output. Between L978 and 7990, grain output increased by 46'4

percent, and the annual growth rate was 3.23 percent compared to an average

of 2.5 percent between 1952 and 1978 (SSB , ZTN ,1983 and 7997)' Thanks to

this rapid increase in grain output, average grain production per capita

increased from 318.7 kg in 7978 to 393.7 kg in 7990, despite a popuiation

increase of 780.74 million during the same period (SSB, TTN,1991)' This

represents a remarkable achievement, considering that China has ß feed 22

percent of the world's total population witl'r only 7 percent of the world's total

arable land.1

Given that there has been a rapid growth in grain output, one needs to

ask, what have been the factors contributing to this growth? An increase in

35.1 million mu (1 mu = 1/15 hectare) (SSB ,

at the actual total for arable land is larger than

xtent to which this underreported figure can

d in Chapter 3.
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grain output can occur as a result of increased inputs, including land' labour

and capital, as well as by improving the productivity of inputs (or total factor

productiv \ty).2 The latter involves two aspects: improvements in technology

(or technological progress) and more efficient production management under

the given technology (or technical efficiency)'3 Compared with increasing the

quantityofinputs,however,improvingtheproductivityofinputsismore

significant for grain production, due to the extra output that can be obtained'

giventhelevelofinputs.Thismeansanimprovementinproduction

efficiency in terms of resource utilisation. The aim of this study is to expiore

the sources of the growth and to investigate the changes in the productivity of

grain production during the reform period in China'

In China, research into the productivity of inputs has not been given

much attention until quite recently. one of the reasons was that both

agricultural prod.uction and agricultural studies were influenced by the

overall potitical imperatives, which emphasised growth of total output rather

than improvement in procÌuctivity. Since the founding of the People's

Republic, feeding the huge population has always assumed high priority for

the Chinese leadership. Although great efforts were made to increase grain

output,formanyyears/grainsupplywasonlybarelysufficient.IntheT960s,

China changed from being a net grain exporter to being a net importer' This

situation further strengthenecl the resolve of the government to increase grain

output, while paying little attention to the costs of production and the levels

of productivity. This emphasis continued through the 7960s and into the late

7970s.

2 The defir-,ition of productivity witl be discussed in Chapter 2'

3 According to Thomas, where there are increasing returns to scale' increasing scale is also a

source of output growth (Thomas, 1'993,p'29O'

2



Beginning in the 1980s, however, concern with productivity has

become one of the major issues in stud'ies of Chinese agricultural production'

Four factors have contributed to this concern'

First, the relaxation of the state controls over farmers' production

decisions, one of the rnajor policies implemented since the reforms' has

stimulated farmers' awareness of the need to minimise production costs and

to maximise profits. Increasing productivity is essential for them to achieve

these goals, given the level of prices. The significant improvement of farmers'

subsistence food consumption has further reinforced this awareness because

farmers can now give consideration to more than merely increasing output to

ensure their own food securitY

Second,thereformsreflecttheideoloSyofpolicymakers,whichhas

been changing from emphasising political struggle to ernphasising economic

development. Economic efficiency subsequently has become an increasingly

important concern for policy makers and this, in turn, has led to a desire to

improve ProductivitY.

The third factor is that the relaxation of the international political

environment and China's growing involvement in international trade has

reduced the strategic concerns about grain self-sufficiency' This leaves room

for considering the efficiency of grain production, although maximising grain

output and achieving grain self-sufficiency are still seen as strongly desirable'

Thefourthandlastfactorisperhapsthemostimportantone.

Following a rapid growth of grain output in the early years of the reforms'

the growth of output slowecl down in the later years of the 1980s' In contrast'

grain productic-rn costs have escalated rapidly' For example' in 7984' the unit

3



material cost of rice production was 33.6 yuan/mu, whereas by 7990 it had

risen to 50.81 yuan/mu (sPB, QNCSZH,7984,7997), an increase of 51'5

percent.4 During the sarne period, however, the rice yield only increased

from 358 kglmu to 382 kglmu (ssB, 7997, p.353), a rise oÍ 6'7 percent' A

similar situation was also evident in other grain crops, including wheat, corn

and soybean. The unit production costs all increased substantiaity in the late

1980s. The rapid increase in grain production costs has intensified the general

concern about productivity and efficiency'

AlthoughstudiesoftheproductivityofChineseagriculturehave

become more common since the late 1980s, systematic work on this issue is

still a frontier area. This is not only because such concern has just began, but

also because studies have been constrained by data availability. Historical

data for inputs and production costs in grain production are generally

inadequate and are almost absent for the period of the 1960s and the early

7970s, due to the turmoil of the Cultural Revolution' The accuracy of the

available d.ata is also poor. All these problems make the historical analysis of

productivity extrernely difficutt. Partly for this reason, most of the previous

studies of Chinese agricultural productivity have focused on the situation

since 1978, when more data have been recorded at both the national and the

Iocal level

Another important reason for concentrating on the period of the

reforms since 7978 is that it has been the most important era in China's

agricultural procluction. During this periocl, a series of new policies has been

implemented in the rural areas which has brought about fundamental

changes and rapid developrnent of the rural economy' Along with such

4 Th" fig,r."s have been deflated to 1978 constant p.l.j: by^l:ing the price index of producer

g""ar f?"tided by the State Statistical Bureau (SSB' ZTN' 1997'p'243)'

4



changes, agricultural production has increased remarkably' Modern inputs

have been widely used to substitute for traditional inputs' All this has

happened with important changes taking place in the structure of agricultural

production as a whole. At this time, systematically examining the sources of

growth and the efficiency of agricultural production is not only significant

but also necessary for a better understanding of the achievements as well as

the remaining problems of agricultural production during the reform period'

This study focuses on grain production, the most important sector of

agriculture. lt analyses Sources of output growth and the factors responsible

for clranges in productivity betwe en 7978 and 1990' Particular effort is

clevoted to examining the disparities in these changes among different

provinces for respective grain crops. The study will not, however, examine

directly the situation after 1gg7. One of the reasons is the constraint of data'

At the time of writing, there were not enough data to analyse changes in

productivity after 1997. Another reason is that since 7997, marketing and

pricing reforms have accelerated. The old centrally planned system in grain

productionisbeingrapidlyreplacedbyanopengrainmarket.Becausethe

new policies have only been practised for a short time, their impact on grain

production is not Yet ciear'

1.2 Major Issues in the StudY

The study will concentrate on five sets of specific issues:

i) Da n and 1m tions tudi In China,

data absence, inadequacy, inaccuracy and inconsistency often cause

difficulties in economic analysis. Of these data problems, the key ones which

directly affect the analysis of productivity have been the inaccuracy of the

5



data for arable land and labour input. Similar problems also exist for other

input and output statistices. For example, the lack of component and nutrient

varue details for fertiliser (both chemical and organic fertilisers) often causes

problems in examining the effects of fertiliser changes on output' Identifying

the effect of these problems and specifying their implications for studying

productivity changes in grain production are essential for carrying out an

empirically meaningful analysis'

2)Y ield and its role in the srowth of srain production. In China, the scarci ty

of arable land means that increasing grain output must rely primarily on

increasing output on the given lancl, i.e. on increasing yietds' Therefore' in

studying chinese grain production, grain yield has always been an important

aspect to be considered. In fact, since the reforms began, the increase in grain

output has been accompanied by a decrease in total grain sown areas/

incticating a crucial role for increasing yields' This study wilt examine the

growth patterns of yields and investigate disparities among provinces for

respective grain crops between 1978 and 7990'

u rela hi ln na nal al ln
3) ln

respective grain crops. This aspect investigates how productivity has changed

since the reforms began. By using a production function analysis' the

relationship between inputs and outputs in provincial grain production for

respective grain croPs will be specified quantitatively' This will explain how

much of the increased output comes from the contribution of increased inputs

and how rnuch of the increased output results from the improvement of

productivitY.

4) ctor r ible an in les

productivit)¡. Reforrn policies and their impact on grain productivity and

6



provincial disparities will be analysed from the perspective of farmers'

responses to various economic incentives. special attention is given to

changes in farmers' economic status and the development of the rural

economy. This perspective goes one step further than many previous studies

which mainly considered the effect of institutional reforms and prices on

changes in ProductivitY.

e n f od 10n
s) VCr

provinces for different crops. It is argued that, due to the diversity of the

natural environment and socio-economic conditions, differences in the level

of productivity are inevitable among provinces. This study will make a

judgement of the relative efficiency among provinces in producing respective

grain croPs on the basis of resource utilisation'

Throughthis study, the sources of growth in Chinese grain production

can be identified in quantitative terms and disparities in productivity in

different provinces ancl for respective grain crops can be explored' The

explanation of the causes of these disparities will provide a foundation for

assessing policy measures for the further improvement of grain production

efficiency

1.3 Characteristics of the study and the Economic significance

This study has four key features: use of household survey data,

provincial orientation, disaggregate perspective and economic and

geographical integration. These features distinguish it from many previous

sttrcliesofprocltrctivityinChineseagrictrlturalproduction.
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Most of the analysis in this study is based on rural household sulvey

data, which have only become available in recent yeaIs' Partly because of the

inadequate information in the official statistics, starting from the early 1980s'

several nationwide rural household sulveys have been carried out by a

nnmber of governmental departments and research institutes' These survey

data provide first-hand information about the socio-economic activities of

rural households. Compared with other available sets of rural household

survey data, the one used here contains the most detailed information about

household grain production.5 Nevertheless, because of its limited

distribution, it has not been used in previous studies' Thanks to the

cooperation of Chinese colleagLles, this stucly is able to use this data set to

analyse changes in productivity and household grain production behaviour'

The application of this set of data is not only helpful in gaining an insight into

the development of grain production, but is also of significance in identifying

some of the problems in previous studies of agricultural productivity caused

by using the official statistics. Intensive use of the household survey data is'

therefore, one of the distinct features of this str'rdy.

Provincial orientation is another distinct feature of this study' China is

a country with a vast territory. Great variations exist in natural environments'

while socio-economic conclitions also cliffer. such variations have affected the

level of grain production in different areas. Different grain crop varieties have

further complicated these variations. In fact, since 7978, changes in grain

procluction have varied significantly by areas and by crops' For example' in

Jilinprovince,grainotrtputincreasedbyl23,TspercentbetweenTSTSand

7gg0, whereas in the neighbouring province, Liaoning, the output only

5 Ttris set of data was provicled by the Dep

Ministry of Agricult
operatián r.t'ith the Ì

h'rdustry and sever
households. For the Appendix 6'A in this thesis'
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increased by 33.81 percent during the same period (ssB, ZTN,7997)' with

respect to the individual grain croPs, between 7978 and 7990, the national

output of wheat increased by 82.a5 percent, whereas rice only increased by

38.27 percent (ssB, zTN,1997). These variations underline the different

magnitude of changes in productivity in different areas and grain crops

during the reform Period'

since the reforms began, the relaxation of the central control over

agricultural production has allowed provincial governments greater freedom

to make grain production plans and to set prices for grain purchases and

grain producer goods. Provincial grain production has been, therefore'

strongly affected by provincial government policies. The disparities at the

provincial level have become substantial. This has made studies at provincial

level both significant and necessary.6 For this reason, in this study' analysis of

the productivity of grain production will be conducted at both the national

level and at the Provincial level'

Adisaggregateapproachisalsoanimportantfeatureofthisstudy.The

analysis focuses on the three cìominant grain crops: wheat, rice and corn' and

examines their changes and variations during the period studied' The

significance of the disaggregate approach derives from the great disparities

between grain croPs in terms of spatial distribution, genetic yield'

consumption preference, the level of government supervision and the

possibility of substitution. Disparities in all these aspects will inevitably

create variations in the level and growth of output, yield and productivity

among different grain crops. Distinguishing these variations is essential for

6 Further discussion of regional issues will be presented in Chapter 3, in which' the different

definitions of regions .,r"ã i,"r various studies and their shortcòmings in studying regional

grain productionin China wilì be examined '
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understanding the mechanisms of the growth and the causes of the

disparities in provincial grain production during the reform period'

In Chinese official statistics, grain output refers to unmilled grain'

including wheat, rice, corn, soybean, Potatoes' millet' sorghum' and other

miscellaneous crops.T Of these grain crops, rice, wheat and corn account for

more than 86.1 percent of total grain output and 75'1 percent of total grain

sown area (SSB, ZTN,7gg7,p'342 and p'346)' They are defined as the major

grain crops. other grain crops are, therefore, the non-major or miscellaneous

grain crops. The three major grain croPs dominate China's grain production'

There are relatively adequate data available for these three croPs in both

official statistics and in many research surveys' Other grain crops are much

less significant, In this study, they are classified into one category'

miscellaneousgraincrops/andareexaminedasawholewheneverthedata

are available

The fourth characteristic of this study is the integration of perspectives

ancl methodologies of economic and geograpl'ric disciplines into the anaiysis

of growth and provincial disparities in grain production' It is argued that'

under the given level of technology, the impact of the natural environment on

the level of productivity is substantial. This is due to the fact that grain

production is an activity involving a close interaction with the environment'

soil, climatic, topographic, hydrologicai and biological conditions combine

together to exert a major irnpact upon farm operational systems and upon the

profitability of grain production. Although many of the developments of

technology which have taken place have been intended to overcome the

Iimitations imposed by natural factors, the influence of these effects

7 potatoes are converted to grai¡ equivalent at a ratio of five kilograms of potatoes to one

kilogram of grairt.
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nevertheless remains (Briggs and Courtney, 1985)' Unfortunately' in previous

studies of Chinese agricultural productivity, the effect of natural

environments on provincial disparities has not been given enough attention'

until recentiy, there has been little research considering the effect of the

natural environment on provincial disparities in the productivity of grain

production. This study attempts to devote some effort to this aspect'

l-.4 Structure and Content of The Thesis

This thesis consists of 10 chapters. lt begins in Chapter 2 with a outline

of the theoretical tlefinitions and the methodological issues involved in the

study of productivity. This is followed by a literature review of studies of

productivity in Chinese agriculture done by western scholars as well as by

Chinese economists. The purpose of this review is to examine the

contributions, Iimitations and problems of previous studies of productivity of

Chinese agricultural production. on the basis of this examination, the issues

needing to be clarified and further analysed in this study wiil be highlighted'

Chapter 3 comprises a cliscussion of regional issues in studying grain

production and a specification of some concepts to be used in the succeeding

chapters. lt aims to stress the suitability ancl necessity of conducting a study

of provincial grain production, as well as clarifying some conceptual issues

which often callse confusion in chinese agricultural production studies'

Chapter 4 is an overview of the growth in grain production between 1978 and

7gg0. It investigates the growth patterns of national and provincial

procluction with resPect to inclividtral grain crops' This chapter aims to

provide a general picture of the situation in grain production during the

reform period. The key issues to be analysed in the later chapters will be

raised.
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Chapter 5 analyses grain yield changes and provincial disparities- It

first investigates the relationship between grain output and yield growth and

then examines the irnpact of natural environments on the spatial distribution

of different types of grain crops and the influence on the levels of provincial

grain yields. This investigation will not only demonstrate the important role

of increasing grain yields in Chinese grain production, but will also stress the

significance and necessity of considering the differences between individual

grain crops in comparative studies of provincial grain production'

Chapter 6 estimates production functions for wheat, rice and corn. The

main task of this chapter is to determine the weights for computing aggregate

inputs, which are the basis of the examination of sources of growth. It also

examines the disparities in the elasticities of inputs for different grain crops

and discusses the implications of these disparities for the potential growth of

individual grain crops. Chapter 7 computes the total factor productivity index

and investigates the sources of yield growth. On the basis of this caiculation,

the performance of grain procluction in different provinces and of individual

grain crops during the period studied can be quantitatively specified' In

Chapter 8, the analysis concentrates on exploring farmers' grain production

responsiveness to the changes in the broad econornic situation in the rural

areas and the changes in their own economic status. The implications for

further improvement of productivity under the reformed rurai institutional

systen will be underlined'

Chapter 9 investigates the relative efficiency of provincial grain

production on the basis of a comparison of yields and levels of productivity

of respective grain crops. It also discusses the effect of reiaxation of central

controls over grain production and the role of provincial governments in

utilising resources and in the further improvetnent of the efficiency of

t2



provincial grain production. Conclusions and the implications of the whole

study are presentect in Chapter 10. This summarises the major findings in the

thesis. Some policy options for provincial grain production adjustment and

the implications for future development in the 1990s will also be raised'
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Chapter 2

Theoretical Notions of Productivity
and EmPirical Studies of

China's Agricultural Production

2.1 Introduction

The study of productivity is one of the basic themes of economics' It is

used to specify the relationship between inputs and outputs and to indicate

production performance. Productivity growth is closely related to

technological progress and improvement in technical efficiency' In the process

of production, either technological progress or improvement in technical

efficiency will result in a larger output with a given amount of inputs'

This chapter consists of 6 sections. section 2 outlines the theoretical

notion of productivity. Section 3 examines the functional forms for measuring

productivity and the economic definition of the elements involved' This is

followed by a brief review of studies of labour and land productivity in

China's agricultural production in Section 4. Section 5 reviews the literature

on total factor productivity in Chinese agricultural production by scholars

both within china and abroad. The significance, Iimitations and problems of

these studies will be analysed. Issues requiring further analysis and

consid.eration, will be summarised in Section 6'
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2.2Partial Productivity and Total Factor Productivity

ln general terms, productivity measures the physical volume of output

that is achieved from a physical volume of inputs (Blandy, et al, 7984)' Due to

the different nature of each input, there are as many productivity measures as

the number of classes of inputs (salter and Reddaway'7966).

The old.est and most commonly studied measure of productivity is

labour productivity, which refers to output per labour unit or per Person-

hour, Given the price of the product, labour productivity becomes one of the

important determinants for the wage paid to labour and the profits made by

employers. For this reason, labour productivity is one of the most common

topics studied in western economics'

As economists have pointed out, however, labour productivity does

not measure anything peculiar to labour' It should not be considered as the

productivity of labour alone (Blandy, et al 7984, p'8)' This is because changes

in labour productivity can be the result of a variety of factors, including

improvements in technology, increases in inputs and increases in labour

efforts, as well as the enhancement of management'

similarly, land productivity measures the output per unit land' Again,

land productivity does not measure the productivity of land alone because

changes in land productivity can be the result of changing labour and

material inputs, as well as technical and efficiency changes other than an

improvement in the quality of the soil (although this may happen in the

process of procluction). Nevertheless, the concept of land productivity is of

significance in practice. It is particularly important in countries where land

resources are Scarce. In such countries, limited land resources means that
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increasing output has to rely primarily on increasing land productivity or

output per unit of land. In fact, agricultural development in many Asian

countries has been tracing this path (Hayami and Ruttan,1985).

Labour productivity and land productivity measure the ratio of output

to specific inputs: labour and land, respectively. They are thus defined as

partial productivity (Fan Shenggen, TggO). As changes in labour and land

productivity can be attributed to a variety of factors other than changes in the

capabiiity of labour and land themselves, partial productivity provides little

information about the specific sources of change, in particuiar, changes in

technology and efficiency. The limitations of partial productivity in practice

leads to the study of total factor productivity. According to the definition,

total factor procluctivity measures the output achieved from all associated

inputs. The consequence of total factor productivity growth is an increase in

output per unit input, or a reduction of input per unit output' Conversely,

total factor productivity decline results in a decrease in output per unit input

or an increase in input per unit output'

The measurement of total factor productivity has the following

properties: 1) it reflects the aggregate efficiency of all factors involved in

production; and 2) the volume of total factor productivity is a dimensionless

notion (Heathfield,,7977, 31). The merit of this concept is clear. on the one

hand, it evaluates the overall performance of production, and on the other

hand, its dimensionless rrleasure provides an empirical way to compare

production performance among different production processes and during

different periods.

It is worth pointing out that in'some studies, the term productivity is

ofte¡ usecl interchangeably with the term total factor productivity (see for
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example,Solow,1957;Kendrick,7967;Blandy'etal'7984'LinYifu'7992)'To

avoid any confusion, the following study uses the term total factor

productivity to distinguish it from labour and land productivity'

2.3 Measurement of Total Factor Productivity

Total factor productivity measures the relationship between aggregate

inputs and output. tt reflects the technology ttsed and the efficiency achieved

in production. ln the process of measuring total factor productivity' assigning

weights to each input is the first task that needs to be done' The weights

represent the relative importance of different types of input units for the

output. obviously, determining the appropriate weights for each input is

essential for measuring total factor productivity' In practice' there are two

standard ways of estimating the weight of individual inputs and total factor

productivity in agriculture. one is the production function approach' The

other is to acld up individual input series using value weights based on the

prices of the various inputs (Perkins and Yusuf ,7984, p'46)'In studying

Chinese agricultural productivity, the most commonly used method is the

production function aPProach'

The theoretical development of production functions has been closely

linked with the empirical work. The wide application of computer techniques

in economic studies haf ' also facilitated this develoPment' There are many

functional forms used in production function analysis, including Box-Cox'

Generalised Leontief, Generalised Quadratic, cEs, cobb-Douglas and

Translog. The choice of the production function form is determined by

varions factors, including the nature of the production Process studied' the

level of details required, and the availability of data' However' as Fan

shenggen (1990) pointecl out, although the more general forms often have
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more variables and fewer restrictions, they require more data and may lead to

Some econometric estimation problems, Such as multicollinearity' Therefore'

in practice, their application is often restricted' This section reviews two of the

most con'rmonly used forms of production function: the Cobb-Douglas and

the Translog.

2.3.1The Cobb-Douglas Production Function and Its Development

The basic Cobb-Douglas production function in agriculture is formed

as follows

Y = AK"T}SY

where Y = otltput,

K = capital,

L = labour,

S = land,

and A and cr, B and T are Parameters

The climensional consistency between the two sides of the production

function equation (2,1) is achieved through the constant 'A (Heathfield' 1971'

p.31). The restriction of a constant elasticity of substitution of unity is

imposed in this form, and the aspect of dynamic changes in technology is not

embodied. Analyses are thus concerned only with static production and

distribution. To make it suitable for long-term analysis, during which period

technologies may change, a development of the Cobb-Douglas production

function was to recognise that the set of all known production techniques

may expand over time. Therefore, a time trend is adopted to embody the

(2.1)
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process of technical progress. The form of the Cobb-Dougias production

function then becomes:

Y = Ae"K"ÚST (2.2)

or in logarithm form:

LnU)=ao*rt+ b¡Ln(X¡) (2.z)',

where the rf represents neutral technical progress. Xi is the ith input' a¡ is the

output elasticity with respect to ith inPut. In form (2'2)', the restriction of

constant elasticity of substitution of unity is maintained' but it allows

technical progress to occur as a time trend. This kind of technical progress is

neutral and does not affect the elasticity of substitution.l

Accornmodating neutral technical progress in the Cobb-Douglas

production function wiclened its application. However, the restriction of

constant elasticity of substitution of unity can still be a shortcoming for a

study involving a long period of time. This is because the development of

technology is closely related to factor endowments for a particular country or

individ.ual sector. The path of technological development may have an impact

upon factor substitution. A typical example would be that of China' Due to

the fact of land scarcity and labour abunclance, efforts at technological

improvement have been concentrated on saving land through increasing

yield. In this case, the restriction of constant elasticity of substitution of unity

imposed in the Cobb-Douglas production fttnction would be chalienged by

such a bias in technological development. However, for a study involving a

short periotl of time, using the Cobb-Douglas production function may not

1 For the details of this neutrality, see Heathfield (1977, p.42) and Ferguson (1969,p'242)
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cause a serious problem in estimating changes in total factor productivity

(Fan Shenggen, 1990). This is one of the reasons for the wide use of the Cobb-

Douglas production function'

2.3.2 Flexible Functional Forms - the Translog Production Function

Over the past two decades, more general and more flexible production

functionar forms have been introduced to relax the restriction of the constant

elasticity of substitution. one of the most widely used forms is the Translog

prod.uctionfunction.Thisformcanbespecifiedasfollows:

Ln(Y) = ao i a,t +\ a,Ln(x,) + \a,,Ln(x,) x t

(1) (2) (3) (4)

(6)

(2.3)

+ \\ a,, Ln(x,) x Ln(x ¡) + a uf
tJ

(s)

where Y is the output, xi is the ift inPut and ú is the time trend' Assuming that

the production function is linear-homogeneous in inputs, then the constraints

imposed are:

Zo, =r;

1o,, 
-- 0; for all j;

Zor=o'

Compared with the Cobb-Douglas production function, the Translog

form has three add.itional terms (4), (5) and (6)' They represent the effects of
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biased technical change,2 interaction between inputs, and the uneven

progress of neutral technology, resPectively'

The production function represented by the Translog form shown

above is rather ideal. In practice, serious multicollinearity problems often

occur, resulting in biased estimates. To avoid this probiem, Some of the

elements in the formula are often dropped, subject to maintaining maximum

information and as much accuracy as possible in the result.

For a procluction function involving a short time period, the change in

technology lÌ1ay be not significant. ln this case, elements relating to technical

change can be dropped. The Translog form then becomes

Ln(Y) = ao i\a,Ln(x,)+ >\a,,Ln(x,¡x Ln(x¡) Q.+¡z
tJ

With the restriction that all inputs are independent or separable, form

(2.4) becomes a Cobb-Douglas production function:

Ln(Y)= a,,t\a,Ln(x,) (2.s)

In a production process which involves a long time period, however,

technical change may play an important role' Therefore the elements relating

to technical change in form (2.3) would need to remain' The element

2 U¡rlike neutral technology which shifts the isoquant of the- production function, biased

technological progress "t"uîg", 
the shape of the isoquant. In this case, the elasticity of

substitution wilì be changed.
3 Tnis form has been used by Kalirajan (1991)'
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representing interactions between inputs, however, may have to be dropped

to avoid statistical problems. The translog form (2'3) can then be specified as:

Ln(Y ) = a.o * a,t + \ a,Ln(x,) + \a,,Ln(x,) x t + a r¡2 (2.ø)+

The translog production function allows the restriction of constant

elasticity of substitution to be relaxed. Due to the flexibiiity the form

possesses, it has been widely used in recent years' Flowever, multicollinearity

is also a problern which often restricts its application.

2.3.3 Total Factor Procluctivity Index

Total factor productivity is the ratio of output over the weighted sum

of inputs. Therefore, given the weights of inputs, it is necessary to determine

the formula for calculating the aggregate inputs and total factor productivity'

In practice, there are Several ways to do so.5 However, the methods used most

often in empirical studies have been Kenclrick's arithmetic index (Kendrick,

1967) and Solow's geometric index (Solow, 1957)'

The formula for the Kendrick's arithmetic index can be expressed as

follows

Y, l>s¡xi,
(2.7)

yo / > sixio

4 Tnis form has been usecl by Fan Shenggen (1990)'

5 For the detailed discussion of the methods for measuring total factor productivity, see Fan

Shenggen (1990) arrd Lovell and Tatie (799q'
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where Y¡ is the total output at the year t, X1¡ is the ith input at the year ú, Si is

the factor share of the ith inPut, Ys is the total output in the base year, Xis is

the ith input in the base year and 11 is the arithmetic index for the year t '

Because of the simplicity of the arithmetic index, it has often been used

in previous studies of China's agricultural productivity'6 However, the

greatest disadvantage of the arithmetic index is the linear aggregation of

inputs, implying that the elasticity of substitution among inputs is infinite

(Fan Shenggen, 1990, P.79).

Solow's geometric index is based on the Cobb-Douglas production

function with constant returns to scale and neutral technological change'

Consider a Cobb-Douglas production function as:

LnY (t) = LnA(t)* ) S, x Lñ\(t)
(2.8)

where st is the output elasticity with respect to the ith input' By taking the first

differential, it becomes:

ðA(t) I A(t)= ãY(t) lY(r)-IE * ãX,(t) I x,(t) Q9)

where aA(Ð/A(t) is the production function shift rate, which indicates the

growth rate of total factor productivity'

6 This method has been used by Feng Haifa (7987), Tian Weiming (1987) Stavis (1990) and

Wen Guanzhong (1993).
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The difference between a geometric index and an arithmetic index is

that the former is non-linear whereas the latter is linear. Some economists

believe that where the changes are small, the differences between the two

measures are negligible. However, in rapidly developing economies, the

differences may be sizeable enough to affect conclusions drawn from the data

(Kleiman, c! 3! 7966 and Chow, 1985). So far, the technical debate over the

suitability of these two indexes remains unresolved. It is not the intention of

this study to explore this issue in detail. As the following analysis applies the

production function aPproach in estimating total factor productivity, the

geometric index will be used.7

2.4 studies of Labour and Land Productivity in China's

Agricultural Pro duction

ln the study of agricultural production, Iabour and land productivity

are two key topics. In China, studies of these two aspects have been strongly

influenced by Ctrina's basic characteristics, the scarcity of arable land and the

huge size of the population. This section reviews briefly the major features of

studies of labour and land productivity in chinese agricultural production'

2.4.L Surplus Labour vs Labour Productivity

ln China's agricultural production, because of the extremely small farm

size in contrast to the huge labour force, there were no strong incentives to

increase labour productivity in the three decades before the reforms' The

pressure of constantly increasing food demand and the strategy of national

7 tt is acknclwleclgecl that both the geome of

competitive equilibrium. This assumpt he

Chinese ecorìon-ìy sincc both the pricing t.':

acknowledging itris problem, the geometric ar 
--L ---^jr 

ln

stuclying toíal îactor productivity ii Ct ina since there is no better measurement available'

24



industrialisation ted the government to impose barriers to stoP agricultural

labour shifting to non-agricultural sectors'8 Increasing labour input was

considered an important means to increase output' Labour productivity was

almost totally ignored. Apart from this, the income distribution system under

the People's Commune also encouraged farmers to increase labour inputs as

income was based on the work points a labourer earned but not necessarily

the output a labourer generated. Many scholars have pointed out that

although the commune was successful in mobilising rural labour in

agricultural production, it failed to make efficient use of this labour (Barker' et

qL 7982; Perkins and Yusuf,7984 and Marshalt, 1985). This point will be

further discussed in Chapter 5 when looking at changes in labour input

during the reform Period'

since 7978, a concern for labour productivity has emerged' F{owever'

the contradiction between the small area of arable land and the large labour

force still remains. This makes it difficult to improve labour productivity' It

has been widely accepted that there is a large number of surplus labourers in

rural areas at the present (Meng Xin and Bai Nansheng, 1988; Taylor and

Banister, 1988; Chen Jiyuan and Geng Dechang, 1990; Liu Fuyuan, 1993; Wu

Xiaohua, 1993; z:nu ze, 7993; Du Ying, 7994; Guo shutian, 1'994b)' unless

these iabourers can shift to other sectors, increasing labour productivity is

unrealistic. For this reason, studies directly examining changes in labour

productivity in agriculture, and in particular in grain production, are rare'9

lnstead, the focus is on the issue of shifting surplus iabour to non-agricultural

sectors. A large number of studies have been done in this area in recent

le, preventing farmers moving to cities

in supply to urban residents, reduce

astructure and facilities'

ts of reforms on labour productivity have been

n (1987) and Tian Weiming ({ 987)'
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years.10 Further consideration of the details of these studies, however' lies

beyond the scoPe of this studY'

2.4.2 Land, Productivity and Output Potential

In contrast to the few studies of labour productivity, land productivity

has been widely considered in China both before and after the reforms' This

is, of course, closely related to the persistent pressure of population against

scarce arable land. This pressure has become even more intensified during the

reform period, when cultivatecl lancl has declined constantly' For this reason'

the issue of land productivity or yield has attracted much attention, and it is

impossible to review all studies here. A common opinion in most of the

studies, however, has been that the increase in land productivity both in the

past and in the future has had to and will still have to rely primarily on

increasing inputs and improving "land-saving technology" 11

Apart from the direct study of improving land productivity or yield,

the increasingly heavy population Pressure on the declining area of cultivated

land has led recent studies of land productivity to incorporate concern about

the population-bearing capacity of land. work on this issue has been done by

the Statistical Bureau of the Ministry of Agriculture (1987), Zþtang Yuerong

ancl Huang Yaohui (7990), the Chinese Academy of Agricultural sciences

(7gg7),Li Shengr u (7992) and the Comprehensive Survey Team of the Chinese

Academy of Sciences 0992).

10 Apurt from the references mentioned above, some other studies of labour transfer have

been done by Zhuvaqìng O989), Yang Tiao and Cai Fang (1991), and Harry Wu (1992)'

11 The term lancl-so',rlr1ft".t-trìology is from Hayami and Ruttan (1985) in their study of the

development of agriculture.
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Despite the large number of studies, few have explicitly analysed

regional disparities in land productivity or grain yields in the context of an

integratecl view of the impact of the natural environment, the genetic

characteristics of grain varieties and socio-economic conditions' Regional

stud.ies of grain production often focus on the aggregate yield' As a

consequence, regional disparities cannot be adequately explained'

2.5 Review of studies of Total Factor Productivity: significance,

Limitations and Problems

As mentioned previously, studies of total factor productivity in

Chinese agricultural production were rare before the 1980s. Most of the work

on this issue has been done only in the last 10 or so years. This section first

reviews some of the studies undertaken by western and Chinese scholars

regarcling the procluctivity, technology and efficiency of Chinese agricultural

production. lt then comments on the results of these studies and highlights

the issues that will be addressed'

2.5.L Review of studies of Total Factor Productivity in Chinese Agricultural

Production

Despite acknowledging the rapid increase in the application of modern

inputs such as fertiliser, electricity and machinery and noting a reasonable

growth rate of agricultural production during the 1960s and 1970s, Wiens

(1982) raised doubts concerning the significance of technical progress in

Chinese agricr-rltural procluction. He pointed out that, unlike statistics which

detail increases in inputs and output, technology "is defined as a set of

practices that determine the quantitative and qualitative relationship between

inputs and outputs", Wiens argued that the distinction may be "muddy in
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practice, but it is clear-cut in theory". The ìncreasing use of modern inputs is

not what economists normally mean by technical progress' Nevertheless, he

d,id not deny that there may have been some technological progress in

Chinese agriculture after the founding of the People's Republic' As far as

Wiens was concerned, China's multi-cropping index could not have increased

so substantiatly without technological progress'

wiens estirnated changes in total factor productivity between 1957 and

7978. The weights assigned for aggregate inputs were based on estimates of

the relative marginal productivity in 7957. The weight for labour was 0'35, for'

land 0.36, for capital 0.09 and for current inputs 0.20. Using these weights' the

result shows that total inputs grew less rapidly than total output' Wiens

considered this difference as the improvement in technology (and/or

management). The increase in productivity estimated on the basis of these

weights was 19 percent between 7957 and' 7978. Flowever, wiens was also

aware of the questionable reliability of the estimation and pointed out that the

results of this kind of exercise are very sensitive to the choice of weights, and

therefore, should not be taken too seriously (Wiens ,7982, p'100)'

Cornpared with wiens, the study clone by Perkins and Yusuf (1984)

focuses on elaborating the sources of agricultural growth in China' in

particular, on components affecting total factor productivity' They point out

that there are two levels at which the question of how to raise agricultural

output can be addressed. The first level is the direct inputs into production,

such as land,labour, and various forms of capital' This level is further divided

into two elements: inpr-rt contribution and the productivity of those inputs'

The second level is the organisation of society to mobilise the inputs

effectively and to use them efficiently'
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In estimating total factor productivity changes in Chinese agricultural

production,PerkinsandYusufpointoutthatmarketpricesarean

appropriate estimate of marginal product only under perfect market

conditions. However, such an assumPtion is not valid for labour inputs and

much of fixed capital in China; Nevertheless, they estimated total factor

productivity by adding up individual input series using value weights based

on the average prices of the inputs. They found that between 7957 and 1979'

the change in total factor prod.uctivity was negative, if a high estimate of the

marginal output of labour input is assumed, and 74'7 percent, if a low

estimate of the marginal outPut of labour input is used (Perkins and Yusuf'

7984, pp.67-68). They argued that organisational and institutional systems

were the two main factors responsible for the low efficiency of Chinese

agriculture. They conclucled that output increases in China during this period

were achieved at the cost of increasing mismanagement and declining

personal incentives.

Although the estimation methods and the mathematical forms that

Wiens and perkins and yusuf used in their analyses were simple and the data

were also crude, the ideas they explored were valuable and significant in the

study of Chinese agriculture. Their work has been cited in many of the later

studies of Chinese agricultural productivity'

The above pioneering str-rclies of total factor productivity in Chinese

agricultural prodr-rction considered the period before the reforms' Since 1'978'

there have been fundamental changes in agricultural production' This has

attracted many studies of the sources of production growth and the impact of

reforms on total factor procluctivity changes'
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One of the early studies of agricultural productivity was done by Feng

Haifa Qg87). Using the Cobb-Douglas production function, he estimated

output elasticities with respect to land, Iabour and capital in Chinese

agricultural production between 1952 and 1985' The result showed that the

elasticities of each input were 0.25,0.28 and 0'47, respectively' He then

apptied these elasticities as weights to compute the aggregate input so as to

estimate the index of total factor productivity during this period' According

to Feng, total factor productivity increased modestly over the years' Between

1g81 ancl 7985, the annual growth rate of total factor productivity was only

0.88 percent. During this period, the contribution of total factor productivity

increase accounted for 8.3 percent of total agricultural growth and the

rernaining 91.7 perceLlt was attributed to the increase in inputs'

Another early approach to the issue of agricultural productivity was

that of Tian Weiming (7987). Tian also used the Cobb-Douglas production

function to estimate the differences in labour productivity and total factor

productivity among 29 provinces during the period 1981 to 1984' The result

showed that total factor productivity was relatively higher in the developed

coastal areas than in the less developed inland areas. Taking the country as a

whole, the average growth rate of total factor productivity was 6'4 percent

annually, which was much higher than Feng's estimation.

The impact of the reform policies on total factor productivity has

become an important issue d.uring the later years of the reforms' McMillan, et

al (1989) studied the effect of the implementation of the Household

Responsibility System (HRS) and the increase in the purchase prices for

agricultural products on agricultural production between7978 and 1984' The

weights they assigned for each input factor were 0.25 for land, 0'5 for labour'

0.1 for capital and 0.15 for current capital. These weights were quoted from
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Anthony Tang's (Tang and Stone, 1980) estimation based on the factor shares

in 7952. As far as McMillan, et al, were concerned, in 7952, when the

government had not yet imposed control over agricultural production and

marketing, factor shares were determined by competitive market forces'

using these weights, McMillan, et al, estimated that between 1978 and 1984'

the total factor productivity of agriculture increase d by a7 percent. of this

increase, 32 percent was induced by the incentive effects of the

implementation of the HRS and 9 percent was from the increase in prices'

stavis (1997) examined the market reforms and changes in agricultural

productivity during the reforrn period. According to his estimation' output

elasticity for chemical fertiliser was 0.49, and for labour it was -0'06' stavis

concluded that chemical fertiliser input was the most important factor in

agricultural production. The negative sign for labour input meant that rural

China hacl an acÌequate labour pool, and the return for increasing labour input

was negligible. His result also showed that from 1980 to 7984, average croP

productivity in China went wp 3.7 percent annually, which gave a 75'64

percent increase in total factor productivity during this period. Between 1985

and 1989, the annual growth rate of total factor productivity dropped to -2'5

percent, indicating tl'rat during this period, total factor productivity decreased

by 10.38 percent. Therefore, the average increase in total factor productivity

between 1980 and 1990 was only modest'

ln recent years, a nttmber of Chinese economists who have studied in

western countries have used western productivity theory in Chinese

agricultural procluctivity studies. One of the most influential studies was

done by Lin Yifu (7992).12 The agricultural production function he used was a

12 The initial clraft of this study was completerl in 1989 and published in the working Paper

series of the Research Schooi of Pacific Studies (RSPacS)' at the Australian National

University.
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Cobb-Douglas form with four conventional inputs, namely land, Iabour,

capital, and chemical fertiliser. In addition, he also considered six non-

conventional variables, including the percentage of teams using the HRS, the

market price index, state purchasing prices, the percentage of sown area in

non-grain crops, a multiple cropping index, and a time trend' According to

Lin Yifu, these six variables were incorporated to assess the impacts of

institutional change, price adjustments, market reforms, and technologicai

changes on productivitY.

Lin Yifu used the data for 7965 and 7970-7987. The estimated

elasticities with respect to each input were 0.67 for land, 0.13 for labour, 0'07

capital, and 0.19 for chemical fertiliser, resPectively. Based on estimated

parameters, Lin Yifu calcuiated that between 1978 and 1984, the effect of the

institutional reforms explainect 48.6 percent of the output growth' Of this

growth, 96 percent could be attributed to the change in farming institutions

from the procluction team system to the HRS' The other 4 percent was

attributed to the combined effects of increases in market prices, and changes

in cropping patterns and cropping intensity. In Lin's study, the contribution

of productivity growth to total agricultural growth during the early 1980s was

much more significant than in the other studies mentioned above'

One of the most sophisticated studies of productivity issues is Fan

Shenggen's (1990) work. He used a translog form of production function to

estimate Iancl, labour ancl total factor productivity in agricultural production

at both national ar'rd regional levels, and computed the contributions of factor

inputs, technology and technical efficiency to growth. The estimated

coefficients for conventional inputs in Fan's study are 0.36 for land, 0'28 for

labour, and 0.24 for chemical fertiliser, which are different to Lin's' In

accounting for the contribution of inputs to the production growth' Fan's
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result showed that between 1965 and 1986, 70 percent of growth could be

explained by input increases, and the remaining 30 could be attributed to the

growth of total factor productivity.

Agricultural production is conducted in an open environment' Periodic

fluctuations in weather conditions can cause fluctuations in agricultural

production. Consequently, this may affect the results of production function

estimates. Flowever, due to the complexity of weather conditions and the

constraints of data, stuclies which consider weather effects in estimating

production function are few. ZhangBin and Colin Carter 's study (1993) can

be seen as one of the pioneering efforts in this area. In their study of the

effects of economic reforms on China's grain production between 1980 and

7990,they used disaggregated county-level production data, and the weather

factor was explicitly specified in the model. The result claims that the

institutional impact of the economic reforms accounted for about 25 percent

of the production growth, which is smaller than the estimations in many other

studies, such as Fan Shenggen (1990) and Lin Yifu (1992). Z]nang and Carter

argued that this was because in these studies, the effect of weather

fluctr,ratiolls was wrongly inclucled into the effect of reform poiicies' They

considered that the good weather conditions were partly responsible for the

rapid increase in grain output during the early 1980s'

There are several other studies of total factor productivity of Chinese

agricultural procluction. The results are generally different from the above

studies. For example, a study carried out by the Chinese Academy of

Agricultural Science (editect by Liu Zhicheng, 1990) shows that during the

period 7978 lo 7986, total factor productivity increased by 24'4 percent' which

accounted for approxirnately 36.6 percent of agricultural growth (Liu

Zhicheng, 1990, PP.337 -338).
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Zhu Xigan g(7991) studied technical progress in grain production using

a Cobb-Douglas procluction function . Zhu's estimation of the contribution of

technical progress and inputs to grain output growth between 7979 and 7986

was 32.7 percent from teChnical progress and' 44.4 percent from increased

inputs, and the remaining 23 percent represented the contribution of the

improvement in technical efficiency induced by the rural institutional

changes.

It needs to be pointed out that except for Zhu Xigang (1997), all the

studies reviewed above have generally been concerned with agriculturai

production or aggregate grain production as a whole' Until recent years/

studies of disaggregated grain productivity have been extremely rare'

2.5.2 Comrnents on the Previous Studies

In the stuclies of total factor productivity reviewed above, a prominent

feature is that the weights given for computing aggregate inputs are quite

different, resr-rlting in varying estimates of total factor productivity' In order

to observe these differences more clearly, Table 2.1 summarises some of the

results from the previous stttdies. It shows that the weight for land input

ranges from 0.25 in Feng and McMillan et al to 0'67 in Lin' Nevertheless' for

all the authors, the weight for land input is relatively large compared with

other inpttts.

34



Table 2.1 Output Elasticities of Factor Inputs in Selected Previous Studies

lens Feng
(Wen)a

Denison-
Solow
Accoun-
ting

C-D

(r
+) Agri Agri

&
Carter

Agri Agri raln

PPd C-D C-D C-D

70-87 80-90

n L
et al

Value
share

b

c + +

Method

Period 57-78 52-86 78-84 65-86. ..80-89

Land 0.36

Labour 0.35

Chemical
fertiliser

Capital 0.09

0.25 0.36 0.46e 0.67 0.440.25

0.28 0.50 0.28 -0.06 0.13 0'23

0.47 0.10

0.24 0.49 0.19 0.20

0.07

-0.13

0.06 0,14

Current
capital

Draft
animals

Irrigation

Machinery

Time
trend

Growth
of total
factor

uctivi

0.20

19.0

0.15

0.06 0.11

0.01 0.004 0.003 0

0.03

76,7 47.0 23.6 3.66 39'2 n/a

Note:
a. wiens,s weights were also used by wen Guanzhong (1993) in studying the effect of the

reforms on agricultural production'
b. McMillan "t 

ul .rr"ãïang's weights which were estimated on the basis of 1952 market

re, including crop farming, forestry, animal

. 
the crop farãring-sector, including grain and
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e. stavis, production function was established on per unit of land. Here, the elasticity of land

input is derived from 1 minus other input coeffiòients based on an assumption of constant

returns to scale.

The differences in the output elasticity of labour input are also large'

For example, in McMillan et al. the weight of labour input is 0'5, whereas in

Stavis's study, it is a negative figure. These differences cause some confusion

in understanding the effect of labour input on agricultural production' As far

as McMillan et al are concerned, increasing labour input has a significant and

positive effect on agricultural growth, and for Stavis, increasing labour may

reduce the outPut.

Apart from land and labour, the other types of inputs considered by

different scholars varied sigr-rificantly. The definition and the scoPe for these

inputs also differed. It is therefore difficult to compare the weights among

different studies. A commonly consiclered input is chemical fertiliser, which is

regarded as an independent variable' Comparing the results among Fan

shenggen, stavis, Lin, and zhangBin and carter, however, it is seen that the

coefficient for chernical fertiliser differs markediy. As for the other inputs, no

common characteristics can be found, except that they are all generally small'

Because of tire different weights given by different scholars, the

variations in aggregate input index are to be expected' As the total factor

productivity inclex is the ratio of output to the weighted aggregate input, it is

not surprising that the estimated total factor productivity growth is also

different.

The questions needed to be askecl here are: why were the weights

given by scholars so different? Ancl what are the implications of these

clifferences for productivity studies of Chinese agricultural production?
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Before investigating total factor productivity changes in grain production in

this study, these questions need to be answered'

First of all, the periods studied were different. This is certainly one of

the reasons for the different weights. It is widely recognised that there has

been significant technological progress over the last three or four decades

(wiens, 1982; Perkins and Yusuf ,7984; and stone, 1988b)' Because of the

scarcity of arable land, this progress has been strongty biased towards "land

saving" technology (Fan Shenggen ,7990). This point may be part of the reason

for the small or insignificant coefficient of time trend in the studies by stavis,

Lin, and Znang and Carter, which indicates that neutral technological

progress was not significant. The biased technological progress meant that the

weights or output elasticities of inputs would not have been constant over

time. For this reason, because McMillan et al, use Tang's weights based on the

estimation of market prices in 7952, their results may not be reliable in

explaining the growth of total factor productivity and the effects of reform

policies on agricultural production during the period 7978 to 1984'

Apart from the effects of the differences in the periods studied, the

different scopes of the studies may also be responsible for the variations in the

weights. The broad concept of agriculture was used by wiens, Feng and

McMillan, et al. In Fan, stavis and Lin's studies, however, "agriculture"

referred to the narrow concept. Zhang and Carter's study consiJered

aggregate grain production. Because of the different scope and content, the

different weight for each input in different studies is to be expected' The

implication of this is that it is inappropriate to compare the coefficients or

weights estirnated in different studies with different scopes, or to use them as

the basis for further stuclies which do not have the same definitions'13

13 This issue will be discussed further in Chapter 6
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There are also other reasons for the variations of weights among

different scholars. A most obvious one is that the data for labour input are

often problematic. This is because that in Chinese official statistics, only the

total number of agricultural labourers is provided'1a There is no separate

category for labour input in either crop farming or grain production'l5 This is

related to the fact that Chinese farmers are generally involved in multiple

activities. It is very difficuit to provide a clear cut definition of the occupation

of individual farmers. In previous studies of total factor productivity' the

share of the output value of a sector in rural gross output value was often

usecl as a weight to estimate the labour input in this sector' This method was

used by Lin Yifu (1992), Fan shenggen (7990), and Zhang Bin and Colin

Carter0993).Intheabsenceofreliableofficialdataforlabourinputin

individual sectors, this metllod can be considered as a comPromise' F{owever'

as this l'ethocl involves product prices and, in China, product prices have

long been distorted, it may cause sorne problems in estimating the coefficient

of labour inPut.

In addition to the above problem, the existence of surplus labour has

made the estimation of labour input in each sector more difficult' For

example, using the value share method to estimate labour input always

shows an increasing number of laboulers in the crop farming sector and the

grain sector cluring the reform period' In contrast to this result, several

household surveys collected in last 10 or so years have shown a decrease in

actual labor-rr input in the crop sector and grain production (SPB' QNCSZH'

1981-7991; ECCAY, ZNN , 7g84-7gg1). Therefore, the method of using the

14 Here, total agricultural labourers refer to the labourers in agriculture broadly defined to

include crop farming, forestry, alrir¡al husbandry' sideli¡res and fishery'

15 I. official statistics, labour input in the crop sector has only become available since 1988'
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value share to estimate the labour input share may iead to biased results in

the estimation of total factor productivity'

Table 2.1 also shows that, apart from land and labour, the other input

factors considered varied in different studies. This reflects the differences

among scholars in classifying various inputs. For example, in Feng's study'

capital input includes all expenditures except for land and labour' Whereas in

wiens and McMillan et al, capital was divided into fixed capital and current

capital. In other studies, capital was further divided into several specific

categories, mainly including chemical fertiliser, irrigation and machinery'

understalrcìably because of the data constraint, the variables representing

capital inputs in Fan, Stavis, and Zhang and Carter ignored the application of

seeds, insecticicles and manual and setni-manual tools in agricultural

procluction. It is well-known that by dropping relevant variables, the

estimates of the coefficients of those remaining in the equation will be biased

(Johnston ,7984). The effects of these ignored capital inputs will be captured

by other inputs. This will skew the coefficients of the variables considered,

e.g., lar-rd and labour, and consequently cause problems in estimating total

factor productivity and explaining the contribution of each input to

agricultural growth.

Although the effect of weather fluctuations has been recognised by

many scholars, stuclies considering this effect on estimating total factor

productivity are rather rare. Only a few studies, including Zhang and Carter,

1993, integrated this factor into their analytical rnodel' As weather conditions

can strongly affect the output in a given year, the situation in the initial year

and the final year has significant effects on the measurement of the growth of

total factor productivity in the period studied. This may be one of the reasons
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for the different ranges of the growth of total factor productivity in the studies

shown in Table 2'1

The differences among the above studies may also have stemmed from

some technical factors, such as the application of functional forms and the

expression of dummy variables. It is, however, difficult to discriminate

among a variety of functional forms on statistical grounds, since they all

involve similar estimation techniques (Appelbaum, 7979)'

All in all, divergent results in studies of Chinese agricultural

productivity have various causes. What one can at least draw from the above

analysis is that reliable estimation of weights for inputs and changes in total

factor production requires better data quality and sophisticated explanations

of the estimated results

2.6 Concluding Remarks

Having specified the theoretical notion of productivity and having

reviewed previous studies of productivity in Chinese agricultural production,

there are two conclusive points that can be drawn here'

The first point is that there seems to be no common agreement among

existing procluctivity studies of Chinese agriculture' In examining previous

studies of total factor productivity, it was found that although all results have

shown an increase in total factor procir'rctivity during the early 1980s' the

extent rneasured has varied significantly. The data problem, particularly the

reliability of data for labour input, is certain to have been one of the reasons

for this. Another cause of the differences may stem from the variable

specifications. This is particr.rlarly so for the inputs other than land and
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labour. Different definitions of variables chosen in functional forms may

cause a bias for the coefficients estimated. In previous studies of Chinese

agricultural productivity, this issue had not received enough attention'

second, few studies have focused on productivity in grain production'

one of the reasons is the data constraint. In official statistics, data for labour

input and capitat input in grain production are not available separately' In the

few studies of this issue, grain is generally considered as a whole and/or

examined at the national level. Regional and disaggregated studies are rare'

Yet, grain production is a broad concept and it includes a variety of different

crops. Each of them possesses clifferent genetic characteristics, and the spatial

distribution and yield of respective grain crops vary significantly' Studies of

aggregate grain production are unable to capture these differences and to

provicle necessary inf ormation for regional production adjustment'

Obviously, in this area, rnore work needs to be done'
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Chapter 3

Regional Grain Production and

Some ConcePfual Issues

3.L Introduction

China's vast size results in great variations in natural and socio-

economic conditions. These variations have resulted in significant disparities

in agricultural production. Since the rural economic reforms began in 1'978'

the clecentralisation of production management as weil as the uneven

development of society and the economy have further reinforced these

regional diversities. For this reason, since the late 1980s, the variations in

regional agricultural procluction have attracted increasing attention (see, for

exampie, Colin Carter and Zhong Funing, 1988; Fan shenEEen,1990; Quan

Shuren, et al, 7990; Lardy, 7990; Li Qingzeng, et al, 1991; Deng Yiming, et al,

1992). Flowever, the definition of regional identity in these studies is often

inconsistent. This has caused some confusion in understanding regional

agricultural production. It has also made it difficult for policy makers to

stipulate appropriate measures for regional development' Clarifying the

concept of "region" and defining appropriate regions are therefore necessary

tasks before embarking on a systematic regional analysis of agricultural

production. This chapter first discusses the concept of regions and then

comments on several commonly used definitions of regions in studies of

Chinese agricultural production. On the basis of this discussion' the concept
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of region most appropriate for the purposes of the present study will be

determined

Apart from the definition of regions, some key terms regarding the

rural economy are also often used inconsistently in studies of agricultural

production. Data embracing different contents have been used by different

authors and, at times, by the Same author' Even the term "agriculture" itself

has not been satisfactorily defined. This has led to some confusion in

unclerstanding Chinese agricultural production and the rural economy' This

chapter will clarify some conceptual issues relevant to agricultural production

and specify the terms used in this study. In this way, the confusion caused by

unclear definitions will be avoided'

lnaccuracy of statistical data is also a common problem in studies of

Chinese agricultural production. This is most apparent with respect to arable

land area. It has been widely acknowledged that the arable land area in

official statistics is substantially underestimated, resulting in an

overestimation of yields and/or an underestimation of grain output and the

potential for grain production in China. This chapter will conclude by

examining some of the reasons for such underestimation and outiine the

effects of such inaccuracies on this study'

3.2 Definition of Regions and the Significance of Provincial

Studies

Diversities in natural environments and socio-economic conditions

have shaped the characteristics of agricultural production in different regions'

However, because there is no standard definition, the concept of region has

varied from one stucly to another' This section aims to clarify this concept'
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3.2.L The Definition of a Region

Generally speaking, a region is defined as an area that can function

independently, although it can have strong tinks with the rest of the national

economy, A region also has a cohesiveness that is historically based'

Therefore, a region may be understood as a time dimension over a sPace

(Richards on, 1'979, p.1-3)' Nevertheless, there is no unique criterion in

defining the notion of a region. In practice, the choice of definition depends

Lrpon the objectives of the inquiry'

ln cìassical regional theory, there are three types of regions:

homogeneous regions, nodal regions and planning regions (Richardson' 1979'

p.19).The homogeneous region implies that areas cohere together to define a

region if they are homogeneous from the point of view of sharing

predetermined key criteria. The shared characteristics can be economic (e'g'

similar per capita incomes, a dominant industrial sector common to all sub-

areas, or uniform unemployment rates); geographical (similar topography

and climate, a common natural resource); and socio-political (a common

historical development, or allegiance to a particular political ideoiogy)' The

nodal region concept deals expticitly with what happens within regions and

treats the spatiaì dimension as important. within regions, there are dominant

cities (nodes) and within cities, there are nuclei that form business and social

centres. The intensity of population and industries agglomerates in cities and

declines over distance. The nodal region is often used in studies of population

and industrial distributions. The planning region is an area over which

economic decisions and policy instruments apply, and this is its sole unifying

force. The planning region is mainly practiced in planned economies' where
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the country is divicted into several parts to futfil national economic objectives

and to provide the area base for regional economic administration'

The above three types of regional concepts serve different purposes in

regional studies. In the study of Chinese agricultural production, the

homogeneous and planning regions have been used the most, though there

are differences in choosing the key criteria and in understanding the regional

identities in different studies. Changes in policy makers' national strategies

have also affected the definition of planned regions'

3.2.2 Agricultural Division - Homogeneous Regions

Agricultural production is conducted in an open ecosystem' The

diversities of this ecosystem, together with the different socio-economic

factors, generate great variations in agricultural production in different areas'

Flowever, prior to the 7970s, except for a few western scholars, such as Buck

(7937,1968) l, studies of regional agricultural and grain production in China

were rather rare.

The systematic study of China's agricultural divisions commenced in

the 1970s, when agricultural scientists and geographers worked together to

divide China into several agricultural regions. The most recent and the most

sophisticated clivision was the comprehensive agricultural division completed

by the committee of National Agricultural Division in the 1980s. Map 3'L

shows the spatial distribution of the regions'

1 Buck's survey <iivicled China into eight agricultural areas: spring wheat, winter wheat and

miììet, winter whcat and sorghum, SiJhuaririce, Yangzi rice, rlce and tea, southwest rice and

double rice.
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Map 3.1 China's Agricultural Regions
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This division is based on four homogeneous principles: 1) relative

homogeneity in terms of natural and socio-economic conditions; 2) relative

homogeneity in the basic characteristics of agricultural production and

clirection of further development; 3) relative homogeneity in respect of

problems in agricultural production and in the direction of development; and

4) a consistency with county administrative boundaries' According to these

principles, nine agricultural regions have been defined' The basic

characteristics of each region with respect to grain production are

summarised below (the numbers are those in the map)'

l. ln the Northeast region, the history of agriculture is relatively short' The

average land/person ratio is relatively high. The major food grain crops of

this region are corn, spring wheat and soybean'

Il. lnner-Mongolia and North of the Great Wall is a region where the climate

varies from semi-humid to semi-arid. Grassland dominates the natural

landscape. Animal husbandry is the major activity in this region' Grain

production is less important. The major grain croPs in this region are spring

wheat, corn, and some coarse crops

Ill. The fluang-Huai-Hai region is given its name by the three flood piains' It

has a long history of cultivation and population density is high' This region is

the major producing area for winter wheat, corn, cotton, and oilseeds' The

grain production of this area occupies an important position in national

production.

IV. The Loess Plateau region is characterised by numerous gullies' Soii

erosion is a major problem. Due to the erosion and high variance of rainfall,
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agricultural production is unstable and yields are low' Wheat and coarse

crops are predominant in this region'

V. The Middle and Lower Yangzi River region Possesses a sub-tropical

climate. Topography is characterised by alternating flat plains and low hills'

Temperature, water and soil conditions are generally favourable for

agricultural procluction. Rice production is the dominant crop in the region'

and it is important in terms of national grain production.

VI. The Southwest region is also located in a sub-tropical area' The

topography is clorninated by hills and rnountains' This results in a vertical

disparity of natural conditions and hence a disparity of agricultural

production. Rice is the major grain crop in this region, although wheat and

corn are also widelY Planted.

VII. The Southern region Possesses a climate that ranges from sub-tropical to

tropical. Multiple üopping is comtnon in this region. It is the only area where

tropical cash crops can be produced. Rice is the major grain crop in this area'

ViIl. The Gan-Xin region is inland. Large day-night temperature differentials

and an aritl climate are the basic characteristic of this region. water is

essential for agricultural proclr-rction. spring wheat is the major grain crop in

this area.

IX. The Qing-Zang plateau region is dominated by mountain ranges' Low

temperatures and a lack of rainfall all year round restrict agricultural

procluction. Extensive animal husbandry is the major activity' Spring wheat

and some coarse crops are the major grain crops in this area.

48



These divisions into agricultural regions reflect the basic characteristics

of each region in relation to grain production' They also indicate the direction

of further development in agricultural production. Accordingly, it would be

appropriate to apply these divisions in comprehensive studies of regional

grain production. In practice, however, some difficulties constrain their usage'

One of the major problems is that the boundaries between regions are

consistent with the county boundaries, whereas in chinese statistics most

clata are collectecl at either the national or the provincial level' County level

data tend to be extremely rare. In addition, taking into consideration that

there are approximately 2367 county-level units in China (SSB, \991, p3),2

such data processi¡g would be an onerous task even if the data at the county

level were available. For this reason, these divisions are rarely used in studies

of regional agricultural production. Nevertheless, the homogeneous

principles of these divisions have been applied to many regional studies

which will be referred to in the next section'

3.2.3 Agricultural Regions with Provincial Administrative Boundaries

ln studies of Chinese agricultural production, the most commonly used

rnethod of clefining a region is to combine the agricultural regions with

provincial administrative boundaries. That is to group several provinces

which are relatively homogeneous in terms of geographical features and/or

econotnic conditions into one regloll

2 The figure for the number of counties changes from time to time due to changes in

administrative bundaries'
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Map 3.2 Agricultural Regions Based on Provincial Boundaries

TJ

SH

TVJ

NE. Northeasç N. North; NW. NorthwesU MLYR. Middle and Lower Reach of the Yangzi

River; S. South; SW. Southr'vest

Source: Chinese Academy of Agricultural Sciences (Group for the Study of Mid and Long-

term Food Developrnent Strategies), 1997.
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Map 3.2 demonstrates the regions used in the study of mid and long-

term food development strategies, conducted by the Chinese Academy of

Agricultural sciences (1991), in collaboration with several other research

institutes between 1988 and 1990. There are six regions' By comparing this

with Map 3.1, it can be observed that the Inner-Mongolia and north of the

Great Wall, Gan-Xin, and Qing-Zang regions are combined into a single

western region. The Huang-Huai-Hai region and the Loess Plateau region are

merged into one named North. The characteristics of the remaining regions

are relatively sirnilar in the two divisions, except that in the division of the

Chinese Academy of Agricultural Sciences shown in Map 3'2, the regional

boundaries are consistent with the provincial boundaries, which makes the

regional analysis practically feasible'

Apart from the above definitions, there are a number of other

definitions of regions that have been used in previous studies. To get a clearer

view of the similarities and disparities of these definitions, Table 3.1 lists

some of the regional definitions and specifies the components in each region'

In the various divisions listed above, apart from the seventh Five-Year

PIan, the three north-east provinces have been grouped into one region' This

refiects their relatively homogenous features in terms of both naturai

conditions and econornic development. In addition, the provinces included in

the Northwest (Pastoral in Carter ancl Zhong) and southwest regions are also

similar in different divisions. However, the definitions and provinces

included in other regions differ significantly. This is partly caused by u

different emphasis in the definitions. For example, Fan's definition is

concerned with the homogeneity of geographical features' Carter and Zhong's

definition ernphasises the hornogeneity of major crops in each region' By

contrast, the definition of the State Statistical Bureau is based on
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Table 3.1 Several Definitions of Regions in Studies of Agriculturai

Productiona

CAASb Fan Carter &
Zhong
(1eBB)

SSB
(zT9

SFYPC
(zNrM

1 990)1991)
Northeast
Liaoning
J ilin
Heilongjiang

North
Beijing
Tianjin
Hebei
Henan
Shandong
Shanxi
Shaanxi

Northwest
Neimenggu
Ningxia
Xinjiang
Qinghai
Gansu

MLYRd
Hunan
Hubei
Jiangxi
Shanghai
Jiangsu
Zhejiang
Anhui

South
Fujian
Guangdong
Guangxi

Southwest
Sichuan
Guizhou
Yunnan

Northeast
Liaoning
Jilin
Heilongjiang

Spring Wheat
Liaoning
Jilin
Heilongniang

Northeast
Liaoning
Jilin
Heilongjiang

Coastal
Liaoning
Beijing
Tianjin
Hebei
Shandong
Shanghai
Jiangsu
Zhejiang
Fujian
Guangdong
Guangxi

North
Beijing
Tianjin
Hebei
Henan
Shandong
Shanxi
Shaanxi
Gansu

Northwest
Neimenggu
Ningxia
Xinjiang
Qinghai
Xizang

Central
Jiangxi
Hubei
Hunan

Southeast
Shanghai
Jiangsu
Zhejiang
Anhui

South
Fujian
Guangdong
Guangxi

Southwest
Sichuan
Guizhou
Yunnan

Winter Wheat
Beijing
Tianjin
Hebei
Henan
Shandong
Shanxi
Shaanxi

Pastoral
Neimenggu
Ningxia
Xinjiang
Qinghai
Gansu
Xizang

Wheat-Rice
Anhui
J iangsu
Hubei

Double Rice
Shanghai
Jiangxi
Zhejiang
Hunan
Guangdong
Guangxi
Fujian

Southwest Rice
Sichuan
Guizhou
Yunnan

North
Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Northwest
Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

Central
& South
Henan
Hubei
Hunan
Guangdong
Guangxi

East
Shanghai
Jiangsu
Zhejiang
AnhuiXizang
Fujian
Jiangxi
Shandong

Southwest
Sichuan
Guizhou
Yunnan

Central
Heilongjiang
Jilin
Shanxi
Neimenggu
Henan
Hubei
Anhui
Hunan
Jiangxi

West
Xinjiang
Gansu
Qinghai
Shaanxi
Ningxia
Sichuan
Guizhou
Yunnan

a inan is integrated into Guangdong province for reasons data consistency

b. Regions used by the Chinese AcademY of Agricultural Sciences (1991) in "The Study of Mid

and Long-term Food Development Stra tegY"
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c. Regions defined in the Seventh Five-Year Plan (SSB' ZNTM

a. Vtiaate and Lower Reach of the Yangzi River'

administrative regions. These differences, however, are also the result of a

different understanding among scholars of the concept of agricultural regions'

It can be seen that the provinces in the inconsistently defined regions are all

important in Chinese national grain Production. This inconsistency thus

certainly affects the results of regional studies, creating some difficulties in

understanding characteristics of Chinese regional agricultural production'

The division into three economic regions, i'e', the coastal region (or the

eastern region), the central region and the western region is also used by

some scholars.3 This definition was initially raised in the Seventh Five-Year

plan on the basis of the levels of economic and technological development of

each region. This approach is typical of planning regions' The coastal region is

the most developed area. The central region is the transition area between the

developecl coastal region and the less developed western region' The western

region represents the interior, and its economy lags far behind that of the

eastern region. This clivision reflects, to a certain extent, the economic and

technological conditions for agricultural development in different regions' It

is, however, rather general and does not take into accottnt the effect of natural

conditions and the structure of agricultural production.

In examining whether or not the above regional definitions are

appropriate to study Chinese grain production, it is necessary to examine

whether or not these definitions have maximised the inter-regional disparities

and rninimised the intra-regional differences' In other words, given the

3 This definition is quoted by many studies, such as Liu Zhicheng, ed (1989), Li Qingzeng' et

al (1991).
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criteria, it is necessary to know whether or not there is a significant

homogeneity within a region and a heterogeneity between regions'

Analysis of the regional definitions in Table 3.1 gives an impression

that the hornogeneity within a region is weak and the heterogeneity between

the regions is not strong. For example, in Fan's definition, Gansu is classified

into the North region. Flowever, empirical evidence shows that Gansu's

agricr,rltural production is more similar to that of Qinghai or Neimenggu than

to that of shandong, which also belongs to the North region. In Carter and

Zhong's definition, Jiangsu and Shanghai belong to two different regions

though Shanghai is in fact surrounded geographicatly by Jiangsu and there

are great similarities in these two areas. In addition, Carter and Z]nong

defined, Heiiongjiang, Jilin and Liaoning as part of the Spring Wheat region'

Flowever, in the latter two provinces, the sown area of spring rvheat only

accounts for 2.3 percent and 0.7 percent of their total grain sown areas/

respectively (Carter and Zhong,7988, p.65). The name of the region therefore

does not reflect the characteristics of regional grain production. The definition

used by the State Statistical Bureau is an aclministrative definition. It does not

fit a common criterion for agricultural production. Therefore, using this

definition in regional agricultural analysis becomes even more problematic'

The regional identity in terms of agriculture is extremely rn'eak in the

definition of the Seventh Five-Year Plan. For example, Guangdong and Hebei

belong to the coastal region, yet their natural conditions for agricultural

production are significantly different in respect of temperature, rainfall, soil

types, etc. During the reform period, the development of their rural

economies has taken place at different paces: Guangdong has had much faster

growth than Hebei. These differences have not only resulted in great

variations in the dorninant crops and the farming systems adopted, but also in
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the levels of technology and productivity, as well as in the potential for grain

production. In short, the above-mentioned differences between these two

provinces have made their common feature of being in the coastal area, of

iittie significance for agricultural production. A similar problem can be seen

in the regional division of Sichuan and Xizang. Both belong to the western

region. Flowever, the economic status and agricultural conditions in Sichuan

are much more advanced in comparison with Xizang. The concept of the

,'three regions" cannot distinguish common characteristics for studying

regional agricultural production.

3.2.4 Provinces and Regions

Despite the different regional definitions, there is a noteworthy

common feature among most divisions; that is, the boundaries of the regions

are consistent with the provincial bounclaries, each region consisting of

several provinces. As such, provincial boundaries are an important criterion

in dividing regions.

At this point, it shoulcl be emphasised that decentralisation has been a

trend evident during the reform period. The central planning system has been

gradually weakened, and provincial governments have been handed

increasing power to administer provincial production. As a result, similarities

within regions definecl above have been further reduced, whereas

dissimilarities have become increasingly apparent. This trend makes the effort

of grouping several provinces into one region neither necessary nor

appropriate.
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In recent years, the study of provincial agricultural production has

been increasing.4 One of the reasons is that individual provinces have become

increasingly independent in planning the local economy- By the end of the

1980s, all provinces, except for Xizang, had their own plan for agricultural

development. By contrast, there are few inter-provincial joint plans involving

the development of agricultural production. The conventional regional

concept, which puts several provinces into one region, therefore, has little

significance. For all the above reasons, this study simply treats all the

individual provinces as regions. This, on the one hand, avoids the complex

and sometimes arbitrary definition of regions; on the other hand, it is a more

convenient way of observing the role of provincial governments in local

agricultural production.

While acknowledging the advantages of such a provincial approach in

regional studies, it is also apparent that this approach is more cumbersome

considering that all provinces have to be considered separately. Nevertheless,

the provincial-based regions best reflect the disparities among different

regions. The provincial approach is the most appropriate option, at least until

more complete data at the county level become available.

Under China's administrative system, autonomous regions and

municipalities are equivalent to provinces, and in this study they are treated

as provinces for convenience. There are, however, some exceptions to this

approach. Although Hainan became a separate province in 1988, in this study

it is integrated into Guangdong for the sake of data consistency. In addition,

because of a lack of statistical data for Xizang and its minor position in

4 Fo. eta-ple: Feng Haifa, 1987; Tian Weiming, 1987; Wan Guanghua, 1992;Latdy,799O,

and Liu Zemeng,, 1992.
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national grain production, it is excluded in most of the following analysis.

There are therefore 28 provinces covered by this study'

In this study, some directional terms indicating the location of

provinces will be used. For example, the eastern provinces refer to the

provinces in the eastern part of China. Similarly, southern provinces refer to

the provinces to the south of China. These are meant as purely directional

concepts rather than denoting specific regions'

3.3 Some ConcePtual Issues

Since the rural reforms began, there has been a SPectacular

deveìopment in the two dominant sectors: agriculture and rural enterprises'

Flowever, the definitions of these two sectors are also the most confusing ones

in terms of a systematic study of Chinese rural economy. This section aims to

clarify these two concePts.

3.3.1 Agriculture: "Big" and "Small"

Agriculture is a large and multi-sectored system. Grain production is

one of the important components in this system. There are interactions among

the different sectors within agricultural production, and grain production is

often influenced by other sectors. Therefore, when studying grain production,

it is inevitable that one needs to consider the situation of agricultural

production as a whole. However, in China, the definition of "agriculture" is

complex and the sectors contained also vary'

For historical and political reasons, the term "agriculture" is not a

precise concept. Prior to the 7970s, the term "agriculture" referred to all rural
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activities, including crop farming, forestry, animal husbandry, fishery and

sidelines (including industry owned by collectives). Of these activities, crop

farming was the dominant sector. Grain and cotton were particularly

emphasised. Other activities, especially rural industries, were restricted for

most of the time during this period. As a result, the non-croP farming sectors

developed fairly slowly and only accounted for a small proportion of the

rural economy. For example, in 7977, the gross output value of crops

accounted for 75.7 percent of total gross output value of all agriculturai

produce. of the other 24.9 percent rural industries accounted for 3.6 percent

(ssB, zTN, 7983, p.151). For this reason, before the 1980s, the term

"agricuìture" mainly referred to croP farming, and it did not Seem to cause

much confusion.

Beginning in the late 7970s, and continuing during the 1980s, economic

reforms brought about remarkable changes in various aspects of the rural

economy. One of the most dramatic changes was the rapid development of

non-crop farming sectors, in particular, rural industries . By 1983, the non-crop

farming sector accounted for 38.1 percent of the totai gross valt-re of

agriculture (ECCAY , ZNN ,7984, p.136). Of this, rural industries accounted for

13 percent, compared wittr 3.6 percent in 7971. The old definition of

agriculture became more and more inappropriate in reflecting the

characteristics of the rural economy. The rapid expansion of non-crop farming

sectors ushered in a profound change in the foundation of the rural economy'

From 7984, the gross output value of agricultural production no longer

included the gross output value of rural industry' This was one step towards

clarifying what "agriculture" meant in the Chinese context' However, the

remaining sectors, including crop farming, animal husbandry, forestry,

fishery and sidelines still make the domain of agriculture fairly general, wide-

58



ranging and complex. Since the rural economic reforms began, these sectors

have become increasingly differentiated from what once was understood as

traditional agriculture. For this reason, in recent years many scholars have

tended to separate the general term "agriculture" into individual sectors and

to use agriculture to refer the crop farming sector only. To distinguish this

concept from the old or broad term, the crop farming sector has become

known as "small agriculture" whereas, the old concept of agriculture has

become known as "big agriculture".

In the present study, the term agriculture refers to the narrow sense/

i.e., the crop farrning sector only. This is because the crop farming sector

exhibits relatively similar characteristics in the way resources are used and in

the procedure by which prodr-rction is managed'

3.3.2 Rural Enterprises and Rural Industries

Another issue which needs to be clarified is the concept of rural

enterprises and their reiationship with rural industries. Rural economic

reforrns have brought about remarkable changes in rurai areas. One of the

most significant features has been the rapid development of rurai enterprises,

in particular, rural industries. Many studies have pointed out that the rapid

development of rural enterprises has affected grain production through its

effect on resource transfer, including the transfer of land, labour and capital

(Chen Jiyuan and Geng Dechang, 7990; Lei Qiquan,7990, et al ; Zhu Xigang,

1gg1). Flowever, in practice, different definitions of rural enterprises have

been used in both statistics and empirical studies. It is therefore necessary to

clarify the different definitions and to define the concept and scoPe of rural

enterprises in the Present studY.

59



As mentioned earlier, since the reforms began, rural non-crop farming

sectors have developed rapidly. This development has had a strong impact

upon the rural economy. Various types of enterprises were established in

rural areas and the ownership of these enterprises range from townships,

villages, and cooperatives to private individuals. Depending on the

characteristics of the products, these enterprises are classified into industrial

enterprises, agricultural enterprises, transportation enterprises, commercial

enterprises and so forth.

In Chinese official statistics, the scope of such enterprises is not

consistent. Before 1984, the figures for rural enterprises included only

township and viìlage owned (xiøngbøn he cunbøn) enterprises. The enterprises

owned by cooperatives (liønbøn) and individuals (geti) were not taken into

account. FIowever, with the rapid development of cooperative and individual

enterprises, the exclusion of these two items from rural enterprises became

increasingly inappropriate. For example, in 1985, the gross output vaiue of

enterprises owned by cooperatives and indivicluals accounted for 33.1'2

percent of the sector's total gross output value (ECCREY , ZXQN, \989, p'77)'

This figure tended to increase in later years' Beginning in 1985, two kinds of

rural enterprises have been used in official statistics. One is "xiøngzhen |iye",

which refers to all enterprises owned by townships, villages, cooPeratives and

individuals. Another concept is "xiangcun qiye", which includes the

enterprises owned by townships and villages only' The latter concept is

consistent with the scope of rural enterprises before 1984.

It is clear that the ternt "fløngzhen qiye" ls broader than the term

,,xiangcun qiye".In examining the agglegate effect of rural enterprises on grain

procltrction in this stucly, the term "rLrral enterprises" refers to " xiøngzhen qiye",

which inclucles all township, village, cooperative and individual enterprises.
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Although the term "rural enterprises" includes various enterprises in

rural areas, those involving industry account for the largest proportion. For

example, in 1985, the gross output value of industrial enterprises accounted

for 67 percent of the total gross output value of rural enterprises (ECCREY,

zxQN, 7989, p.74), and in 7990, it grew to 77.5 percent (ssB, ZTN,7991.,

p.3TB).Rural industries have dominated the overall make-up of rural

enterprises. In considering the effect of rural enterprises on grain production,

the status of the rural industry sector should receive particular attention.

ln contrast with industrial enterprises, the gross output value of

agricultural enterprises only accounts for a very small proportion. In 1990, the

share of the agricultural enterprises in total gross outPut value was 7.67

percent (SSB, ZTN,1.gg7, p.378), According to the definition in official

statistics, agricultural enterprises refers to collectively-owned orchards,

piggery and poultry factories, and fish ponds (Li Chengrui, (ed), 1986). With

the continuing transfer of the ownership of these activities from collectives to

individual households, the proportion of the gross output value of

agricultural enterprises in total rural enterprises has been declining. Because

of the small and shrinking proportion of agricultural enterprises, their role in

overall rural enterprises has become negligible.

3.4 Underreported Figures for cultivated Land and Their

Possible Impact on the Analysis of the Present study

Data inaccuracy has often been a problem in studies of Chinese

agricultural production. One of the most common problems is the

underestimation of the amount of cultivated land area. In officially published

statistics, China's cultivated land is 1.44 billion mu (96'3 million hectares),
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although it is acknowledged that the actual figure for cultivated land area

should be larger than the one shown in the statistics (SSB, ZTN,1991)' The

actual figure for cultivated land in China is thus still a mystery. According to

a recent survey by the Committee of National Agricultural Division (Zoning)

of China, the actual cultivated land in China could be about 30 percent higher

than the officially reported figure (Committee of National Agricultural

Division of China, 1987). According to a 1985 survey, there was an estimated

44 percent more cultivated land than that reported by the State Statistical

Bureau. Estimated underreporting varies from a low of 74 percent in Hebei

province to a high of 762 percent in Guizhou Province. Provinces in poorer

mountainous areas tend to underreport more cultivated area than provinces

in tlre richer and more fertile plains (Crook, 7993)'

Unclerreporting of cultivatect land area may have been the result of a

number of factors. First, there exist incentives for collectives and individual

households to underreport their land. If less land is reported, then fewer taxes

neetl to be paid. There may also be some political reasons. In many areas/

yield has ,: of ten been regarded as a criterion to evaluate local cadres'

work. To gain political kudos, local caclres tended to report less cultivated

land so that the yield would be higher, given the amount of total output (Bai

Fuyi, 1994).

Secondly, the unclerreporting of cultivated land area is also due to the

fact that different areas in China have used different units to measure land

surface area. Accorcling to a source in one province, farmers in an area of

intensely cultivated plains used 667 square meters to report 1 mu of

cultivatecl area while farmers in hilly and mountainotts areas used 900 square

meters to report 1 mu (Crook, 7997a). An interview by the author with the

Director of the Department of Agricultural Policy and Law of China also
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supports this point.S The Director, Mr Luo Yousheng, argues that different

measurements used in local areas are the main causes of the underreporting

of cultivated land. Locally used measurement units are generally larger than

the standard unit. In addition, the author's own exPerience in Qinghai

province shows that even in one area, the measurement could also be affected

by the different qualities of land. The production team the author worked

with between 1975 and. 7976, allowed different measurements for different

land quality. Land located in the valley areas was of relatively good quality

and the area of this land was measured accurately, i'e, 667 Square meters'

Lancl on the hills was generally poor and was often measured roughly' One

mu was generally bigger than the standard measure. The implication of the

non-standard measurement in different areas and for different land quality is

that the actual figure for China's cultivated land area can never be arrived at

from the locally reported figures. FIowever, as most of the underreported

land is poor land, the effect of underreporting on the estimation of grain

output is limited to some extent.

Given that the cultivated land area is underreported, an immediate

question that neecls to be raised is: what is the effect of underreporting on the

analysis in this stucly? The answer is that it is fairly limited. Most of the

analyses in this study, especially those of productivity, are based on empirical

household survey data collected in recent years by u number of official

agents. ln such Sources, the measurement of land unit is broadly consistent

and stand ard, (667 square meters per mu) for different regions. This, on the

one hand, has the effect of limiting the gap between actual figures and

reported figr-rres in lancl input and yield; on the other hand, it makes it

possible to compare input levels and yields among different regions' The use

5 The interview was macle during Luo Yousheng's visit to Adelaide in November,\993.
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of the household survey data in this study also helps overcome sorne of the

data problems by providing direct measures of actuai iand inputs.

It is worth pointing out that although underreporting of cultivated land

is a fact, the effort that individual farmers put into their contracted land is not

affected by this matter. When cultivated land was assigned to individual

households in the early 1980s, there was no distinction between reported land

and "black land". Farmers were assigned responsibility and obligations

according to the amoul'ì.t of their contracted land. This would have further

limited the effect of underreported land area on the analysis of changes in

total factor productivity of grain production at the household level'

F{owever, this study cannot avoid using the national statistics. Due to

the underreporting of cultivated land, the real grain sown area is

systematically higher than that officially recorded. Nevertheless, as Yu

Chenliang and Buckwell (1997, p.72) have pointed out, such a systematic

downward bias would be consistent for the whole historical development

period. It may therefore be argued that the underreporting of cultivated land

has a limited effect on historical studies of changes in total factor productivity

of grain production.
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Chapter 4

An Overview of China's Grain Production,
L978-1990

4.L lntroduction

Since the agricr-rltural reforms began at the end of the 1970s, China's

overall grain production has experienced significant changes in sown area/

yield, and output, as well as in structure of grain types. These changes

distinguish the development of grain production in the reform era from the

preceding 7952-797 8 Period.

The changes in grain production, however, have been uneven, with the

growth varying by time, place and crop. This chapter examines the changes in

grain production at both the national and provincial levels. Historical changes

in grain production are referred to for the purpose of comparison' On the

basis of this overview, some implications for the changes in total factor

productivity and provinciat disparities in grain production since 1978 will be

considered

The chapter is organised as follows: Section 2 examines the major

differences between the reform period and the preceding years in terms of the

changes in grain production, highlighting the significance of the reform

period. Section 3 focuses on grain production at the national level' It

investigates the uneven development among the respective grain crops
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between 7971-1990. Section 4 gives an insight into the details of the changes in

different provinces for respective grain crops. A summary of the findings and

their implications for changes in total factor productivity forms the

concluding section.

4.2 T]he Long-term Trends in china's Grain Production

From the mid 7960s, China's grain production has experienced an

increase in output with an accompanying decline in sown area. This feature is

no doubt associated with China's predicament - an ever growing population

and a limitation on available arable land. since 7978, this feature has been

more pronounced, with an accelerated increase in grain output and a rapid

diminution of sown area'

Table 4.1 shows the significant difference between the two periods.

Generaily speaking, after 7978, grain output increased more rapidly

compared with the previous period' Between 1952 and 7978, grain output

increased by 140.85 million tonnes, averaging 5.42 million tonnes annually'

Between 1,978 and,1gg0, however, the total increase in grain output was 141'47

million tonnes, more than the total increase in the previous 26 years' The

average annual increase in grain output was twice that of the previous period'

Grain sown area changed in a different manner to that of the output.

Between 1952 and 7978, total grain sown area decreased by 50'87 million mu,

averaging 1.96 million mu annually. Between 1978 and7990, total grain sown

area decreased by 104.83 million mu, averaging 8.90 million mu. This rapid

diminution in grain sown area has been a marked feature of the reform

period.
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Table 4.1 Grain Output, Sown Area and Yield, 7952,7978 and7990

Total
1952 1978 7990

Increase
1952-78 1978-90

Output

(mmt)

Sown
area
(mmu)

163.92 304.77 446.24 140.85 147

(5.42)" Í7.79)

1859,68 1808.81 7703.98 -50.87
(-1.e6)

80.50
(3.10)

-104.83
(-8.e0)

93.50
(7.7e)

Yield
(kglmu)

88 168.50 262

* Figures in brackets are the average annual increase.

Source: Data for 1952 and 7978 are from SSB, zTN,7983, p.15a, p'158 , p'171' Data for 1990 are

from SSB, ZNTN, 1991, p.87, p.101, p.113'

Because of the scarcity of arable land, intensive farming has long been

typical of Chinese agricultural production. Increasing yields is an important

means for increasing overall grain output. Since the founding of the People's

Republic, the increase in grain yietd has been almost the sole contributor to

the increase in total output. This feature has become even more apparent

during the reform period. Table 4.1 shows that betwe en 7952 aîd 7978, grain

yield increased by 80.50 kg/mu, an annual increase of 3.10 kg/mu. Between

7978 anð. 7gg}, grain yield increased by 93.50 kglmu, averaging 7 '79 kg/mu

annually, indicating a remarkable increase in land productivity. This suggests

that increasing grain output in China has become more and more reliant on

the increase in yields. It unclerlines the importance of examining the detaiis of

the changes in land prodr-rctivity or yield. This task will be undertaken in

Chapter 5,
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4.3 National Grain Production and Structural Change Between

L978 and L990

During the reform period, grain output experienced a rapid growth

whereas Sown area decreased significantly. These changes, however, were

uneven over time and significant variations existed among different grain

crops. In this section, the focus is on specifying changes in national grain

production between 7978 and7990.

4.3.1, Changes in National Grain Production

The trends in changes in grain output and sown areas between 1'978-

1990 are demonstrated in Figure 4.1. The two lines representing grain output

and sown areas form an "X", illustrating the opposing trends. Despite this,

two sub-periods separated by the drastic drop of grain output in 1985 can be

identifiect. The first of these is between 1978 and 1984, the second from 1985 to

lgg}. During these two periods, grain output started from a low level and

then increased in the following years. The comparison between the two sub-

periods shows that the first sub-period experienced a more rapid growth in

grain output. ln the second sub-period, the growth of grain output was only

modest. As for the grain sown area, the drastic decrease occurred in the eariy

years of the reforms, dropping to its lowest level in 1985. After that year, the

grain sown area recovered slightly, though in 1990 it was still less than at the

beginning of the reforms.
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Figure 4.1 Changes in Grain sown Area and output, 1'978-1990
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Source: SSB, ZTN, 7991,P.340 and 346

It should be pointed out that there has always been a positive

relationship between grain output and sown area in China' Many previous

studies have supported a high elasticity with respect to land input in China's

agricultural production, despite the variations in the actual values of the

elasticity among the authors (see Chapter 2). The opposing trend in the early

years of the reform, therefore, is outside normal expectations' Many scholars

have attributed the rapid growth in output to an improvement of total factor

productivity, initiated from the rural economic reforms, in particular the

implementation of the HRS (Zheng Zhong, 1988; McMillan, 9f-ù, 1989; Cai

Fang, 1990; Fan sheng gen, 1990; Lin Yifu, 7992; Zhang Bin and Colin Carter,

1993).In Chapter 7 and Chapter 8 of this study, the analysis of the sources of

growth supports this oPinion.
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As can be seen i¡ Figure 4.1, the treud of grain output after 1985,

matched the trend of grain sown areas. This indicates that sown area

continues to play a crucial role in determining grain output. This relationship

helps to explain why stabilising grain sown areas has been strongly re-

emphasised after 1985, principally to ensure grain supply' t

The uneven changes in grain output and sown areas can also be

observed in individual grain crops. Table 4.2 and Figure 4.2 show that the

output of wheat, rice, corn and miscellaneous grain crops all increased

significantly between7978 and 1984 and decreased suddenly in 1985. After

1985, there was a modest increase for all grain crops except for miscelianeous

crops. The pace of the growth, however, varied among respective grain croPs'

Figure 4.2 shows that during the early years of the reforms, output of rice and

wlreat increasecl faster than corn. After 7985, the trend was reversed' For

miscellaneouS crops, the increase was much slower than those three'major

grain crops during the first sub-period, and remained fairly stable after 1985.

The variations in growth patterns among different grain crops were related to

many factors. These will be explored step by step in the rest of this thesis.

Overlapping the general trend of the two sub-periods, fluctuations in

output were significant in individual years' Figure 4'2 shows that of all the

grain crops, fluctuations in the output of wheat were relatively minor

compared with other grain crops, corn in particular' This feature may impiy

that wheat production has been relatively less affected by the factors that

have been responsible for the fluctuations in other crops. In contrast, corn

1 According to the suggestion of the State Statistical Bureau, grain sown areas should be

stabilised arãund f eadãrittiorr mu (SSB, Survey Team of Production Costs of Crops' 1992)'

This may explain the pa^ic over grain supply in 1985, when the sown areas were significantly

below this leveì. A reiuìt of this ùtas the administrative intervention, which made the

recovery of grain sown areas in the later years inevitable'
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production has been more sensitive to the changes in external factors' This

hypothesis will be tested in the later chapters of this study.

Table 4.2 Changes in Grain Outputs ,7978-7990

(million tonnes)

Year Total Wheat Rice Corn Miscellaneous

1,978

7979
1980
7987
1,982
1983
1984
1985
1986
1987
1988
1989
1,990

304.77
332.12
320.56
325.02
354.50
387.28
407.37

379.17
391.51
402.98

394.08
407.55
446.24

53.84
62.73
55.21

69.64
68.47
81.39

87.82
85.81
90.04
87.77
85.43
90.81
98.23

136.93
143.75
1.39.97

1,43.96

761..61

168.87

178.26
768.57
772.22
1,74.42

1.69.77

180.13
189.33

55.95
60.04
62.60
59.21,

60.56
68.21

73.41,

63.88
70.86
79.82
77.35
78.93

96.82

58.05
65.60
62.84
52.21

63.86
68.81
67.82

60.85
58.39
60.97
62.1,9

57.68
61,.86

Change*

1978-84

1985-90

1.978-1990

102.54

67.73

741.47
(46.42)"*

33.98

12.42

44.39
(82.45)

52.40
(38.27)

40.87
(73.0s)

9.77

1.01

3.81
(6.56)

41.33 17.46

20.76 32.94

* The sum of the change during the two sub-periods is inconsistent with the change over the

whole period This is due to the fact that the two sub-periods' figures do not take into account

the changes between 1984 and 1985. The larger the difference between the sum of the two

sub-periods and the whole period, the greater the changes in 1985' This also applies to Table

4.3 for sown areas. -
** Figures in brackets represent the percentage increase between 1978 and1990

Source:SSB, ZTN, 7997,p.340, p.346 and p'353'
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Figure 4.2 Changes in Grain Outputs ,7978-7990
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Changes in sown areas for the respective grain crops aiso varied. Table

4.3 shows ihat betw een 7978 arlLd. 7990, total sown areas decreased by 704.82

million mu. Of this decre ase, 20.34 million rtìu was the result of a decline in

rice sown area, ancl the remainder can be attributed to the decrease in

miscellaneous grains. The Sown aleas of wheat and corn did not decrease'

Instead, they increased by 5.38 Percent and7.27 percent, respectively' Taking

the three major crops as a whole, the combined sown areas increased stightly

during the periocl studied, indicating an effort to stabilise sown areas for the

key grains. In contrast to the major grain crops, the sown areas of

miscellaneous crops experienced a large decline during this period'
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Table 4.3 Changes in Grain Sown Areas, 7978-7990

(million mu)

Year Total Wheat Rice Corn Miscellaneous

1978
1979
1980
1981
1982
1983
1,984
1985
7986
1,987

1988
1,989
1990

1808.81
1788.94
1758.15
7724.37
1701.94
1710.77
1693.26
1632.68
7663.99
1669.02
1651.84
1,683.07

1703.99

437.74
440.35

438.42
424.60
419.33
435.75
443.65
438.27
444.24
431..97

437.77
447.62
461.30

516.31
508.09
508.18
499.42
496.07

497.05
497.68
481.05
483.99
482.89
479.81
490,51
495.97

299.42
301.99
305.29
291.37
278.15
282.36
278.05
265.41.
286.86
303.18
295.38
305.30
321.02

555.34
538.51
506.26
508.98
508.39
495.55
473.88
447.95
448.90
450.98
444.88
439.64
425.70

Change

7978-84

7985-90

1978-90 -104.82
(-5.79)

23.56
(s.38)

-18.63

74.92

-20.34
ç3.e4)

-27.37

55.61

21,.60
(7.21)

-87.46

22.25

-1,29.64
(-23.34)

-115.55 5.91

71,.37 23.03

* Figures in brackets are the percelìtage changes between 1978 and 1990.

Source: Same as in Table 4.2.
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Figure 4.3 Changes in Grain Sown Areas, 7978-7990
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Differences in changes in sown areas for the resPective grain croPs can

be observed more clearly from Figurc 4.3. Generally speaking, the sown area

of wheat was relatively stable over the whole Period studied' For

miscellaneous grain crops, the decrease in the sown area was a trend evident

over the years. However, it is also noted that the rapid decrease occurred in

the early years of the reforms. After 1985 the decrease was only minor.

Changes in the sown areas of rice and corn altered during the two sub-

periods. In the early 1980s, although the sown areas of rice and corn both

declined, this was more prominent for corn. After 1985, the sown area of rice

remained relatively stable, whereas the sown area of corn increased

significantly. The difference in the changes in sown areas among grain croPs

implies that the production behaviour of farmers was not the same for

different grain crops during the two sub-periods.
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4.3.2 Structural Changes in Grain Production

Owing to variations in sown areas and output among different grain

crops and over time, the structure of grain production has experienced

changes. Tables 4.4 and 4.5, and Figures 4.4 and 4.5 show the details of these

changes.

Table 4.4 The Relative Shares of Sown Area of Selected Grain Crops,

7978 ,1985 and 1990
(mmu)

7978 1985 7990
% % Vo

Total 1808.81

576.37
437.74
299.42
55s.34

7632.68

481.05
438.27
265.47
447.95

7707.99

495.97
467.30
327.02
423.70

Rice
Wheat
Corn
Miscellaneous

28.54
24.20
16.55
30.70

29.46
26.84
76.26
27.44

29.74
27.70
18.86
24.89

Source: same as in Table 4.2.

Table 4.5 The Relative shares of output of selected Grain Crops,

7978,1985 and 1990
(mmt)

7978 1985 7990
01/o

ot/o
a-7/o

Total 304.77

136.93
53.84
55.95
58.05

379.77

168.57
85.81
63.88
60.85

446.24

189.33
98.23
96.82
60.86

Rice
Wheat
Corn
Miscellaneous

44.93
17.67
18.36
19.05

44.46
22.63
16.85
16.05

42.43
22.07
27.70
73.64

Source: Same as in Table 4.2
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Between 7978 and,7gg0, the share of sown area of rice in total grain

sown areas was relatively stable. The share of sown areas of wheat and corn

increased by 2.9 percent and 2.31 percent respectively' Figure 4.4 however

also shows that these increases occurred in different sub-periods. The increase

in the share of wheat sown area mainly occurred in the earlier sub-period; in

the second it was fairly stable. In contrast, during the first sub-period, the

share of corn sown area decreased slightly, whereas during the second sub-

period, its share increased by 2.6 percent. As for the miscellaneous grain

crops, the share decreased constantly over the whole reform period'

In accordance with the changes in sown areas, the relative shares of

output for respective grain crops also changed over the period studied.

Between 7978 and 1990, the share of rice in total grain output decreased from

44.g3 percent to 42.43 percent. The share of miscellaneous grains decreased

from 19.05 percent to 73.64 percent. In contrast, the shares of wheat and corn

increased by a3a percent and 3.34 percent, respectively. However, the main

increase in wheat occurred in the first sub-period, while for corn, the increase

was more significant in the second sub-period. This feature, as will be

analysed in later chapters, is related partly to the changes in demand for

different types of grain. The increased demand for feed grain (mainly corn)

during the second sub-period is the result of the increasing consumPtion of

meat and dairy Products.

A comparison between the relative shares of sown area and output for

respective grain crops shows large gaps between the two' This is particularly

eviclent in rice and miscellaneous grain crops. For example, in 1978 the rice

Sown area was 28.54percent of the total grain Sown area, whereas the share of

output was 44.93 percent, reflecting the high yield of rice. This may explain

the relatively srnall decrease in rice sown area, because ensuring stable food
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supply has been always the priority task in China. Similarly, this could also

be the reason for the large decrease in the share of sown areas of

miscellaneous grain crops, which have relatively low yields. As shown in

Table 4.4 anò, Table 4.5, the share of sown areas of miscellaneous grain crops

was 30.7 percent \n 7978, whereas the share of output was oniy 19'05 percent.

From the viewpoint of increasing total output, the decrease in share of

miscellaneous grain crops in grain production during the period studied

would have been a rational adjustment. Such an adjustment is nevertheless

also partly the result of administrative intervention. One of the consequences

of this intervention was the price differentials between crops. According to

the State Price Bureatt's Survey, the relative profits per unit area of most

miscellaneous grain crops were lower than wheat, rice and corn (SPB,

QNCSDZH,1987-7990).

It is noticed that after 1985 the reduction of the sown area of

miscellaneous grain crops slowed down and the output was relatively stable.

This trend was associated with an increase in demand and subsequent rises in

the prices for miscellaneous grain crops.2 This situation implies that further

increases in the sown areas of wheat and corn may become difficult and that

the potential for increasing total output through sown area substitution is also

limited.

It is also worth noting that for rice and corn, the scale of the changes in

sowrì areas a¡d output are different. As illustrated in Figure 4.4 and 4.5,

although the share of rice sown area was relatively stable during the second

sub-period, the share of output decreased. For corn, there was a relatively

2 It has been reported in recent years, that the demand for miscellaneous crops, such as

various types of beans and miìlet has been increasing, which has pushed the prices up for

these croþi (Sichuan Grain and Oil Wholesale Market and the Centre for Business

lnfornration,Tgg3; Guo Guorong and Li Ji,7994).
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small increase in the share of sown area, but a larger increase in the share of

output. This feature indicates a rapid improvement in corn yield during the

second sub-period, which may also imply a better performance of production.

This hypothesis will be tested in Chapter 7.

4.4 Provincial Grain Production Changes Between 1978 and 1990

In China, great differences in natural environment, resource

endowment and socio-economic conditions have generated significant

variations in grain production in terms of the croPs produced, inputs applied

and yielcls obtained in ciifferent provinces. There were significant differences

in grain production among provinces in terms of the pace of growth and

when the growth occuruecl. This section examines these variations and posits

some questions to be dealt with later in this study'

4.4.L The Spatial Distribution of Grain Production

The spatial distribution of grain production in China is extremely

uneven. Grain production is heavity biased towards the southeast provinces.

Dividing China into two roughly equal parts as shown in Map 4.1 and Map

4.2,84.73 percent of total grain sown areas and 89.41 percent of grain output

are concentrated in the southeast. Only 75.27 percent of sown areas and 10.59

percent of output are in the northwest (SSB, ZNTN,7997). }/rap 4.2 shows that

of the 16 provinces with grain output over 10 million tonnes, only Shaanxi is

locatecì in the northwest comparecl to 15 provinces in the southeast.3 This

spatial distribution is closely related to China's overall geographical features,

inclr.rcling natttral conclitions, such as temperature, rainfall, topography,

3 the t6 provinces nith grain output over 10 million tonnes are Hebei, Liaoning, Jilin,
Heilongjiang, Jiangsu, Zñeiiang, Anhui, Jiangxi, Shandong, Henan, Hubei, Hunan,

Guangdong, Guangxi, Sichuan and Shaanxi.

79



Map 4.1. Spatial Distribution of Grain Sown Area by Provinces ,7990
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}rirap 4.2. Spatial Distribution of Grain Output by Provinces, 1990
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soil types and so on and various socio-economic conditions, including the

development of the rural economy and the farmers' economic status' As the

southeast provinces occupy such a decisive position in China's grain

production, the present study gives particular attention to grain production in

this area.

4.4.2 Changes in Provincial Grain Production

Table 4.6 shows the changes in sown areas in different provinces

between 7978 anð,1990.In most provinces, grain sown areas declined. This is

consistent with the changes at the national level. The three municipalities,

Beijing, Tianjin and Shanghai, and Guangdong, Guangxi, Xinjiang and Hebei

provinces had large declines of more than 13 percent' In the remaining

provinces, grain sown areas went down by 3-7 percent, except for

Heilongjiang, Jiangsu and Anhui, where the sown areas increased slightly'

Table 4.6, however, does not show clear spatial patterns in changes in grain

sown areas. This is partly because of the figures in the table are the aggregate

sown areas. When these figures are disaggregated into respective grain crops/

some patterns emerge. This will be examined in Chapter 5.

The two sub-periods in national grain production identified earlier can

also be seen clearly at the provincial level. In most provinces, the drastic

d.ecline in grain sown areas occurred in the first sub-period. In the second

sub-period, most provinces reported an increase, reflecting a partial recovery

of sown areas.

ln Table 4.6, the sum of the figures for the two sub-periods are

inconsistent with the figures for the whole period in most provinces. This

reflects the drastic decline in grain sown areas in 1985 compared to 1984'
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Table 4.6 Changes in Provincial Grain sown Areas, 1,978-7990

7978
(1000 mu) (1000 mu)

7978-84
%

7985-7990
%

7978-90
Vo

7990

National 180881 0 170399tJ -6.38 4.36 -5.79

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai

Jiangsu
Zhej\ang
Anhui
Fujian
Jiangxi
Shandong

FIenan
Hubei
Flunan
Guangdong
Guangxi

Sichuan
Guizhou
Yunnan
Xizang

7683
94664
50251
92801
33191
57312

132779

8416
901.6

179240
55390
61407

49909
54047

107014

7266
6868

702417
49354
5811.7

46824
52888

111300

6257
95445
48990
93691
31209
55489

1,22279

1,39741,

78000
80485
68457
s4599

147416
38148
54334
2876

62020
43127

6005
10853
27533

-6.78
-18.98
-16.27

-9.85
-8.10

-6.86
-2.81

3.09

-5.49
2.59
4.90
7:15

11.68

-13.66
-23.82
-1.4.1.7

-10.90
-5.36

-6.18
-2.1,4

4.07

Shaanxi
Cansu
Qinghai
Ningxia
Xinjiang

67319
44939

6521,

17342
35007

136851

83172
87422
87381
(t4270

159929
40470
55168

3075

-5.72
4.06
3.97
0.09

-8.85
-2.80

-77.07

-1,.39

-4.52
-7.50

-1,6.78

-13.88

-8.10
-14.08

-6.43
-6.47

-10.58
-5.97
-6.61

-9.94
-14.60

7.42
6.89
2.75

-5.00
-1.08
-0.15
5.s6
9.26
1.30
2.06

3.08
1.77
3.81
2.20
5.30

4.46
13.02

8.39
-1.22

4.08
3.48
J,JJ

10.16
-7.44

-18.56
0.83

-2.51

0.96
-5.97
-3.18
-7.45

2.11,

-6.22
-7.94

-21.66
-15.05

-7.82
-5.74
-1.51

-6.47

-7.87
-4.03
-7.91

-4.37

-21.35

Source: USDA, ERS
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Table 4.7 Changes in Provincial Grain Output, 7978-1990

Areas 7978 7990 7978-79U

01/o

7985-7990

%

7978-7990

01/o(1000 tonnes) (1000 tonnes)
33 .64 77.70 46.42National 304

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong

Henan
Hubei
Hunan
Guangdong
Cuangxi

Sichuan
Cuizhou
Yunnan
Xizang

Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

11170
9145

14775

1860
7170

16880
6740
4985

2610
22900
14670
74825
7260

10500
22880

20975
17255
19000
16320
1 0825

31965
6435
8640

515

8000
4910
905

1170
3745

2646
1889

22769
9690
9730

14947
20465
23125

2395
32308
1 5861

24577
8796

16582
33549

33037
24750
2651,4

20665
13631

42668
7210

70572
555

76.94
72.39

10.78
29.38
19.26

27.66
78.73
18.95

-3.26
46.44
23.86
48.57

17.15
47.52
32.87

37.95
31.15
37.53
20.86
12.06

27.62
17.79

16.32
-3.88

27.94
9.88

11.60

31.62
32.71

20.44
34.45
15.78
17.78

61..07

53.15
67.02

61.77

42.26
61.45

34.89
43.n
95.1.9

33.81
123.78

56.51

-8.24

41.08
8.12

65.75
21.16

57.92
46.63

57.57
43.44

39.55
26.62
25.92

33.48
12.04
22.36

--n

33.84
40.67
25.97
62.48
77.89

12.02
3.34
-2.17

13.34
10.73
8.13
6.92

21.89
11.68

5.45
18.90
22.02

10707
6907
1140

1901

6662

11.38
21.18

13.07
4.52

12.48
30.20
73.66

36.27
33.56

Source: USDA, ERS
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Despite the general recovery of grain sown areas in the second sub-period,

the decreases over the whole period were still larger than the first sub-period

for many provinces. Nevertheless, the differences between the figures for

7978-84 and,7978-90 were relatively small, implying that in 1990 the sown

area of grain had stabilised around the level of 7984'

Table 4.7 shows that between 1978 and 1990, grain output increased in

all provinces (except for Shanghai), but the degree of the increases differed

significantly. For example, in Jilin province, output more than doubled,

whereas in Zhejiang it increasecl by only I percent. These differences in the

growth of grain output did not, however, exhibit a significant spatial pattern

over the whole period of the reforms. This again becomes relatively clear

when looking at changes in respective grain croPs'

Nevertheless, observing the changes in the two sub-periods reveals

some noticeable features. During the first sub-period, the large increases in

grain output occurred mainly in the large grain producing provinces,

including Jiangsu, Anhui, Jiangxi, shandong, Flenan, Hubei, Hunan and

sichuan, all with growth over 30 percent. In the second sub-period, their

output increased only modestly. In Jiangsu, Shandong and FIunan, the

growth was less than 7 percent. Due to their important role in national grain

production, the growth patterns of these provinces had a strong influence on

the overall national grain situation. It is also noticed that in Neirnenggu,

Liaoning, Jilin, Heilongjiang and Gansu, the growth in the first sub-period

was modest, whereas the increase in the second sub-period was remarkable.

Bearing in mind that these provinces are the most important corn producers

in China, the rapid growth in corn output at the national level during the

second sub-period was obviously attributable to the growth in these

provinces. ln rnany other northwest provinces, the growth of grain output
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over the whole period was relatively smooth. Because of their small shares in

national grain production, they had no significant influence on the grain

situation at the national level.

4.5 Summary and ImPlications

This examination of grain production over the reform period has

revealed several important features, which can be summarised as follows:

First, during the reform period, great changes have taken place in

China's grain production. One of the most significant aspects has been the

remarkable increase in grain output at a time when sown areas decreased'

This indicates a great increase in grain yietd or land productivity' It also

implies that increasing yields have been the sole contributor to the growth of

grain outPut during the period studied'

Second, Llneven cleveloprnent of grain production has also been a

prominent feature of the reform period. This is reflected in a number of

aspects, including the existence of two sub-periods of change in grain output

and sown areas, the variations in the changes in respective grain crops and

tlre diversities among the provinces. Between 1978 and 7984, grain output

grew rapidly. It declined suddenly in 1985 and recovered slowly in the

following years. Changes in sown areas followed a reverse pattern' The

drastic decrease mainly occurred in the first sub-period, when grain output

increased rapidly. In the second sub-period, sown areas recovered. The

uneven changes in output and sown areas have resulted in two distinct sub-

periods over the whole period studied'
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The third feature is that, during the period studied, the differences

between provinces in grain production have become increasingly significant'

Analyses show that most of the increased grain output aÍter 1978 came from

the large grain producing provinces in the central and the coastal areas. The

contributions of the other provinces were much less significant'

The changes in grain output during the period studied, ultimately,

were the cornbined result of changes in inputs and changes in the

productivity of the inputs. To tneasure quantitatively the contribution of each

factor, in particular the contribution of changes in total factor productivity, to

changes in grain outpt-tt, it is necessary to estimate the output eiasticity with

respect to each input. Flowever, before doing this, it is also necessary to look

first at growth patterns of yield, since the increasêd output during the period

studiecl was mainly the result of the increase in yield.
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Chapter 5

Analyses of the Growth Patterns of Grain Yields

5.L lntroduction

yield is the output per unit of land.1 Owing to the scarcity of arable

land in China, increasing grain yield has long been the most important means

of raisi¡g total output, and great efforts have been made to achieve this goal.

The aim of this chapter is to examine changes in grain yields at both the

national and provincial level between 7978 and 7990. Attention is focused

directly on the responses of grain yietds to labour and capital input changes

and on the impact of weather fluctuations'

In add.ition, this chapter also examines the effect of differences in the

natural environment on provincial grain production.2 The variation in the

crop structure of grain production among provinces is one of the significant

consequences of these differences. This is due to the fact that each grain

variety requires certain conditions of water, temperature, toPography and soil

type. For this reason, grain production in one area is often dominated by one

or two major grain crops. The different genetic yields of individual grain

crops have a strong impact on aggregate yields in different areas. Moreover,

1 Considering the multiple cropping nature of China's grain production and the lack of

accurate datalor cultivatåd la"a, ifris study uses sown area instead of cultivated land. Grain

yield is defined as the output of per unit sown area'

2 Here the natural environment (conditions) refers to climate, topography and soil types.

Weather fluctuations are considered separately in this study, though they are one of the

characteristics of na tural envi ronments.
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the yields of any particular crop also vary between provinces due to different

levels of suitability of natural conditions for the crop. Investigating the effect

of natural conditions on the spatial distribution and level of grain yield is of

significance for understanding disparities in provincial grain production and

productivity.

This chapter is organised as follows: Section 2 examines changes in

grain yields and investigates the effects of input changes and weather

fluctuations on grain yield in the country as a whole. It draws attention to

changes in labour input. The effect of the existence of surplus labour on the

estimation of the elasticity of labour input will be foreshadowed. Section 3

examines the structure of provincial grain production by grain types and

analyses the effects of some natural factors on this. The purpose is to show the

effect of this structure on provincial aggregate yield and to demonstrate the

need to consider provincial disparities in grain yield at a disaggregate level.

The effect of natural conditions on disaggregate grain yields in different

provinces will also be examined. This is followed by an investigation in

Section 4 of growth patterns and disparities in disaggregate provincial grain

yields. Section 5 summarises the major conclusions drawn from this analysis.

5.2 Analysis of Growth Patterns of National Grain Yields

In reviewing the development of grain production during the reform

period in Chapter 4, the uneven course of the growth and the divisions into

two sub-periods have been identified. As the sown area of grain declined over

the period studied, the increased grain output relied primarily on increase in

yields. It can be expected therefore that the growth patterns of grain yields

would have similar trends to those of output. This section first examines this

relationship and then identifies some of the variations among respective grain
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crops. This is followed by a discussion of input changes and yield resPonses.

some implications for technological progress in grain production will be

outlined. The impact of weather fluctuations on growth patterns of yield will

also be examined.

5.2.L Changes in National Grain Yields

Between 7978 and 7990, China's grain yields experienced significant

growth. Table 5.1 shows that during this period, the average grain yield

increased by 55 percent, representing a 93 kg/mu increase compared with

7978.

Despite the significant improvement in grain yields, the course of

growth was uneven. For the aggregate grain yield, the large increase mainly

occurrecl during the period between 1.978 and 7984. Between 1985 and 1'989,it

fluctuated around the 1984 level. In 7990, there was a large increase. This

general trend can also be observed in all the respective grain crops. The

growth patterns of grain yield were thus generally consistent with the growth

patterns exhibited in grain output as reviewed in Chapter 4.

Variations among different grain crops are, however, significant.

During the period studied, the yield of rice increased by 777 kglmu, wheat by

90 kglmu and corn by 105 kglmu. In contrast, the yield of miscellaneous

grain crops increased by only 40.5 kg/mu, significantly less than the others'3

As rice, wheat and corn are the major grain croPs in China, the remarkable

3 As shown in Table 1, the d of miscellaneous grain crops is also the

lowest compared with othe eason, the small figure for the increase in

miscellaneois grain yield c rlained by their relatively low genetic yields. It

may also reflecithe different efforts made to produce different grain crops. This issue will be

further discussed later in this study.
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increases in the yields of these grain crops have been the main contributors to

the great increase in the aggregate grain yietd during the period studied.

Table 5.1 Changes in Grain Yields, 7978-1990

(kglmu)

Year Aggregate Rice Wheat Corn Others

1978
1979
1980
1981
1982
1983
1984
1985
1986
1987
1988
1989
1990

Change
1978-90
%

1978-84

1985-90

169
1,89

183

189

209
227

247
232
235
242
239
242

262

93
55

72

30

265
288
276
288
326
340

3s8
350
3s6
361
352
367

382

123
1,43

126
141
163
787
198
196
203
203
198
203
213

105
122
124
103
126
1.39

143
1,36

130
135
140
131

145

40
38

38

9

197
199
205
203
218
242

264
24Ð

247
263
262
259

302

105

53

67

62

90
/5

75

17

93

32

117
44

Source: SSB, ZTN, 7997, P.353
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Figure 5.1 Changes in Grain Yields, 7978-7990

Yield (kglmu)
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Source: Table 5.1

Observing the growth patterns of individual grain yields reveals that

the fluctuations in rice and wheat yields were iess than those of corn. For the

former two, no sharp fluctuations occurred over the period studied. This is

consistent with the situation exhibited in changes in output. In the case of

corn, during the first sub-period, the yield increased relatively slowly

compared with rice and wheat, whereas during the second sub-period, the

growth continued with significant fluctuations. In 1990 the corn yield

experienced the largest increase among all the grain croPs. As will be detaiied

below, these fluctuations are closely related to changes in weather conditions,

inputs and economic incentives.

The different situation in respective grain croPs is, however, likely to

be related to the self-sufficiency characteristic of farm household grain

\.--l
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production. For most farm households, self-consumed grain is produced by

themselves. The large proportion of wheat and rice in the total direct food

grain consumption means that farmers have to produce these grains to ensure

their own consumption. This may be a factor stabilising the output and yield

of wheat and rice. This is particularly so taking into consideration that

household food consumption accounts for a large proportion in total

household grain outPut.4

5.2.2 Input Changes, Weather Fluctuations and the Growth Patterns of

Grain Yields

There are numerous studies of the effects of government policies on the

extraordinary course of grain production during the reform period. Most

scholars believe that radical changes in government policies, in particular, in

institutional, pricing and marketing systems, have been responsible for the

uneven growth of grain production. A commonly accepted view is that the

policies, mainly the implementation of the HRS and the increase in grain

purchase prices during the early years of the reforms stimulated peasants'

enthusiasm for grain production. This resulted in a sudden boost in grain

output. The stagnation of grain production between 1985 and 1989 was

associated with the depletion of the one-off gains of the institutional reforms

and the unfavourable marketing policies implemented in 1985. The poor

weather conditions, however, were also partly responsible. This study shares

these views, lt takes the analysis further, however, by examining the impact

of inconsistent rnarketing policies and different levels of central controi over

the production of respective grain crops on the growth patterns of total factor

productivity. Moreover, it also investigates farmers' responses to the various

4 The marketed volume of grain only accounts for about 30 percent of the total output (SSB,

ZTN,7997, p.389).
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changes in economic incentives caused by the reforms and the effect of those

responses on changes in the total factor productivity of grain production'

These analyses will be undertaken in Chapter 7 and Chapter 8, respectively.

One point worth bearing in mind is that the effects of marketing and

pricing policies on grain production usually act through changes in

production inputs. It is therefore of significance to examine input changes and

to observe the responsiveness of yields to these changes'

L) Changes in Labour and Material Inputs

Before ciiscussing changes in inputs, it is necessary to specify the

concept of the "standard labour day" applied in this study. According to Liu

Fuyuan (1983), the standard labour day is defined as eight hours work at a

medium tevel of labour intensity and skill by an adult male labourer. Labour

provided by different age groups and genders are converted into standard

labour day equivalents. This concept provides a standard means to measure

labour input in agricultural production and has been commonly used in rural

household surveys in China in recent years. 5

Table 5.2, which is based on the household survey, shows that between

7978 and, lgg},labour input per unit area declined by approximately 50

percent for all the grain crops, indicating a great increase in labour

productivity. The major decrease, however, occurred in the early years of the

reform period. After 7985,labour input was relatively stable.6

5 The merits and problems of the standard labour day measurement will be discussed in

Chapter 6.
6 lt ir, however, noticed that for wheat and corn, labour input Per unit area increased slightly

in 1990. One of the reasons for this increase was perhaps the effect of the government

austerity policy and the depressed situation in the rural non-grain secto¡s, in_particular in

rural inâustries. In that yeai, a large number of labourers who had shifted to other sectors in

the previous years flowéd back to the grain sector. According to the official statistics, in 1989,
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Table 5.2 Standard Labour Days and Material Inputs* Per Unit Sown Area,

7978-7990

Average-- Rice Wheat CornYear

labour material
davs vuan/mu

labour material
davs yuan/mu

labour material
davs yuan/mu

labour material
days yuan/mu

1 978
1979
1 980
1 981
1 982
1 983
1 984
1 985
1 986
1 987
1 988
1 989
1 990

24.23
20.30
17.40
16.57
15.95
15.28
'14.85

14.67
14.37
14.30
14.70

24.99
22.86
23.95
25.09
25.48
24.92
25.66
26.98
27.92
29.12
30.1 5

31.70
29.30
25.40
24.20
22.68
21.88
21.60
21.02
21.13
20.97
20.60

32.71
32.52
35.49
35.54
36.70
36.00
37.74
40.17
44.96
47.88
47.32

23.10
20.40
17.70
16.09
15.78
14.53
13.72
13.51
13.47
13.55
14.00

28.96
29.21
29.91
30.72
30.86
31.09
32.84
34.15
34.27
36.46
38.43

24.90
21.70
18.90
18.30
16.85
16.31
16.28
16.29
16.54
16.78
17.30

24.22
24.22
25.05
27.18
26.97
26.72
27.86
30.49
30.74
32.73
34.92

30.53 23.04 38.10 29.99 30.70 25.14 31 .10 22.56

Change
1978-90

1978-84
1985-90

-15.83 7.11 -17.50 17.33 -16.70 13.29 -13.80 12.36

-14.25 4.41
0.99 8.19

-14.58
-1.25

2.44
4.67

-15.42
-1.28

6.71
11.32

-14.92
-0.53

5.72
7.34

* Material inputs refer to total expenses, including the costs for fertiliser, seeds, machinery,

irrigation, pesticide and so forth. The figures in the table have been adiusted to the 1978

constant price.
** Figureå for 1978 and 1980 are the average for rice, wheat, coru and soybean. Figures for the

remiining years are the average for rice, wheat, corn, soybean, potatoes and millet.

source: Data for 1978 and 1980 are from the sPB, LwN,7989,pp.73-74. other data are from

the SPB, QNCSZH, 1987-7997.

The early years of the reforn were characterised by the transfer from

the people's Comrnune System to the HRS. The rapid decrease in labour input

during this period was closely related to the implementation of the HRS. As

mentioned in Chapter 2, under the Peoples' Commune System, farmers'

incomes were determined primarily by the work points they earned. This, in

effect, encouragecl farrners to Supply more labour, no matter whether the

increased labour input was able to increase output or not. This could be one

of the reasons why the People's Cotnmune System was successful in

the labour force in rural industries and construction decreased by 1.18 million. By contrast,

labourers in the crop farming sector increased by 9'85 million (ssB' ZNTN ' 1990)'
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mobilising rural labourers but failed to use them efficiently. Under the HRS,

farmers' incomes are determined by the work the household labourers do.

Applying more labour is no longer a means to increase household income if

this increased labour does not generate extra output. In such circumstances/

family labourers may either move out to seek other employment

opportunities or reduce their labour hours per day or per year in order to

have more leisure time. This led to the dramatic decrease in labour input in

grain production measured in standard labour days during the early 1980s.

The stable figure for labour input for all grain crops during the second

sub-period is, nevertheless, noticeable. Given the existence of surplus labour

in rural areas, it is reasonable to assume that this stability reflects the point

beyond which the marginal output of labour input is small or negligible'7 If

this is true, difficulties may arise in estimating the output elasticity of the

Iabour input, as there may not be enough variations to allow regressions to

capture the effect of labour input changes on output. Further discussion and

testing of this point will be presented in Chapter 6.

Changes in material inputs experienced a different pattern to those in

labour input. The survey shows that during the period studied, the average

material inputs increasecl by more than 30 percent at 1978 constant prices'

Flowever, these increases mainly occurred after 1985. In the early years of the

reforms, material inputs changed only slightly.

A comparison between aggregate grain and individual grain crops also

shows significant variations. For material inputs, the increase in the average is

7 This assumption is based on the classical labour surplus theory, which argues that small

farm households tend to keep the labour input level at the point where the marginal output
(or productivity) of labour is zero or negligible. For theoretical analysis of surplus labour and

the'marginal pioduct of labour input in agriculture, see Lewis, 1954; Fei and Ranis, 1964; and

Meng Xin and Bai Nansheng,1988'
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smaller than that in the three major grain crops, suggesting a smaller increase

in material inputs for miscellaneous grain crops. This feature is consistent

with the point made in Chapter 4 that a greater effort has been made to

produce the major grain croPs.

All in all, two conclusive points can be drawn from Table 5.2. First,

given the fact that there was a sharp decrease in labour inputs and a small

increase in material inputs between 7978 and1,984, the increased grain yields

during this period would have to be attributed to an improvement in total

factor productivity. Second, whatever the effects of government pricing and

marketing policies, it is a fact that between 1985 and 1990 more material

inputs were apptied per unit sown area and that labour inputs were relatively

stable compared with the dramatic decline between 1978 and 7984. Therefore,

the slow increase in grain yields and the consequent stagnation of grain

output in the late 1980s cannot be entirely explained by the changes in pricing

and marketing policies after 1985'

In examining the sources of the improvement of total factor

productivity in the early years of the reforms, many scholars have pointed to

the latent productivity, which was accumulated but constrained during the

people's Commune period. The HRS released this latent productivity by

allowing farmers to organise household resources more efficiently (Watson,

1987; Z;neng Z\^rcng, i988; Carter and Zhong, 7988; Stavis, 1991 and Lin Yifu,

7gg2).In accepting this point, it was understood that the latent productivity

would run out after several years of the reform. The situation after 1985 can

be partly explainecl by the depletion of the accumulated productivity.

Without significant technological progress in grain production to replace the

previously accumulated productivity, further increase in grain yields would

have to rely on more inputs. The uneven growth of grain yields during the
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reform period thus reflects a transition of Chinese grain production from

intensive growth, which relied on the accumulation of the previous period to

extensive growth, which required a new set of inputs. For this reason, even if

the government had not changed the pricing and marketing policies after

1,gBS, the dramatic growth in grain yields as experienced in the early years of

the reform could not be maintained.

After 1985, studies of pricing and marketing policies and their effects

on grain production dominated the rnain stream of academic research (See for

example, sicular, 1988a, 7992; |in Hehui, 1990; Ke Bingsheng, 7997b; Z.]rtott

zhangyue,7993;Tang Renjian, 7993; Yang Hong, 1993; Watson, 7994a). There

is little doubt about the positive effect of increasing grain prices on grain

output. Farmers will apply more inputs if prices increase. Flowever, as shown

in Table 5.1 and Table 5.2, between 1985 and 1990, material inputs increased

by 11 .32yuan/mu and 7.34yuan/rnu for rice and wheat, respectively' The

corresponding yields increase d by 32 kglmu and 77 kglmu. The ratio of

increased output to increased capital input was less than 3 kg/yuan' The low

ratio can be seen more clearly in the consumption of chemical fertiliser.

According to the SPB survey (SPB, QNCSZH), during this period, chemical

fertiliser input per mu for rice increased from 93.7 kg to 736.57 kg and for

wheat, from 73.53 kg to 105.75 kg. Tìre ratio of increased output to increased

chemical fertiliser input was fairly low,8 The experience of rice and wheat

production during the later years of the 1980s implies that solely reiying on

increasing inputs to raise grain output is costly and therefore inefficient.

8 This does not take into accouììt any changes in the types of chemical fertiliser used. It also

does not colrsider the effect of changes in other input factors, such as irrigation, seeds, organic

fertiliser and pesticide on the effectiveness of the chemical fertiliser input. Further discussion

of the input-output relationship for respective grain crops will be presented in Chapter 6.
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Compared with the situation of rice and wheat, during the second sub-

period, the corn yield experienced a relativeiy large increase of 62 kg/mu,

though this occurred with a great fluctuation, During this period, material

inputs increased by 8.19 yuan/mu, and the chemical fertiliser input increased

by 35 kg/mu, not much different to the increase in the other two. This points

to an improvement in technology during the second sub-period, though it is

acknowledged that the yield of corn started from a low level compared to

other countries.

2) Technological Changes

Technological improvement has been a factor in the development of

China's grain production. This improvement can be seen in two aspects. One

is the development and application of new varieties, hybrid seeds in

particular. The other is the substitution of modern inputs for traditional

inputs.g For respective grain crops, however, the pace of technological

rJevelopment and the effect of new technologies on increasing yields varied,

resulting in variations in the growth patterns of yields over the years.

China's "green revolution" started in the mid 1970s, represented by the

introrluction of hybrid rice varieties (Song Jundong and Huang Ren, 7992).

The basic characteristics of the hybrid varieties are high yield and eariy

maturity, which are highly desired by farmers, The hybrid rice varieties were

rapidly spread over the major rice-producing areas. The peak effect of the

hybrid varieties carrte in the early 1980s and contributed to a remarkable

increase in rice output during this period. Afterwards, the one-off effect of the

9 Although the increasing use of modern inputs does not necessarily mean technological

progress,"it is also true thal in practice the effect of technological progress is often embodied

by and realised through the application of modern inputs.
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introduction of new varieties in increasing output was depleted. This was

partly responsible for the subsequent slow-down in the growth of rice output.

For corn production, two significant technological advances occurred

in the late 1980s - the adoption of hybrid corn varieties and the application of

plastic film cover techniques. It is reported that under the same conditions,

the corn yield in a plot covered by plastic film could be 25-30 percent higher

than that without a film cover (Huang Peirui, et al, 7990; Song ]undong and

Huang Ren, 1992). The application of these technologies contributed greatly

to the rapid growth in corn output in the late 1980s'

Table 5.3 Areas Covered by Plastic Film and Planted with Hybrid Varieties

Areas plantedYear Areas covered
by plastic film
(10 thousand mu)
Rice Corn

with hybrid varieties
(10 thousand mu)
Rice Corn

7986
7987
1988
7989
1990

443.7

544.7
475.0
533.9
559.7

746.6
596.7
604.3
839.6

1314.0

77644
79927
20028

26746
26543
26995

Source: Ministry of Agriculture,ZNTZ,7989,p'89 and 1990, p'91

Statistical data regarding technological changes are extremely

inadequate in China, Frorn the limited sources, shown in Table 5'3, it can be

seen that there was a rapid increase in the areas covered by plastic film in

corn prodttction between 1986 and 7990. During this period, more than 85

percent of corn sown areas used hybrid varieties. The adoption of the new

technologies has brought about significant development in corn production

and lifted the corn yield from below the world average in 1980 to 27 percent

higher rhan rhat average in 1988 (ECCAY, ZNN, 7987,p.486;7990,p.576).
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Compared with corn and rice production, technological improv

in wheat was relatively slow over the 1980s, particularly in the second half of

the decade.10 The effect of the new varieties and other modern inputs on

increasing overall wheat yield was also not as remarkable as in the case of the

other two crops. This may explain partly the relatively slow growth in the

wheat yield. The different experience in rice, wheat and corn production

underlines the importance of improving technology in supporting a growth of

grain yields.

It needs to be pointed out that apart from the above technological

advances, other technological developments involving soil improvement,

chemical fertiliser application and irrigation expansion also contributed

significantly to the growth of grain yields. For exatnple, scientific research

brought about a continuous irnprovement in the nutrient value of chemical

fertilisers over the years. Efforts were devoted to studying more effective

combinations of nitrogen (N), phosphorous (P) and Potash (K) fertilisers in

different areas and for different crops. In addition, marked successes were

achieved in improving low yield fields through water conservation project

networks and through utilising irrigation and drainage facilities (ECCAY,

ZNN, 7986, pp.71-72). Despite recognising the contributions of these

developments to the growth of grain yields, the available data are not

sufficient to carry out a systematic analysis of the effects of individual

technological measures on respective grain crops. Overall, this study does not

seek to analyse concrete technologies applied to China's grain production.

The prime interest, as stated at the beginning, is to investigate the changes in

10 This staterÌ1ent is based on the infon'rration provided in the Chinese Agricultural Yearbook

(ECCAY, ZNN, 7980- 1992),

101



total factor productivity as a whole and their aggregate contributions to the

development of respective grain crops.

3) Weather Fluctuations

The growth patterns of grain yields between 7978 and 1990 were also

affected by the fluctuations in weather conditions. Figure 5.2 shows an

inverse relationship between changes in yields and changes in the areas

affected by natural clisasters.l l Between 1981 and 1984, the areas affected by

natural disasters were small and tended to decline. Between 1985 and 1989,

the affected areas were large and tended to increase. In 7990, relatively few

areas were affected by natural disasters compared with the period between

1985 ancl 1989.12 It seems clear that the rapid increase in grain yields in the

early 1980s benefited partly from the favourable weather conditions. The slow

increase in grain yields between 1985 and 1989 can be partly attributed to the

harsh weather conditions during this period.

ln summary, the uneven growth in national grain yields reflects a

transition of Chinese grain production from relying on intensive growth to

being more dependent on extensive growth, though the periodic changes in

weather conditions during this period were also partly responsible. Without

continual progress in agricultural technology, increasing grain yields (and, in

turn, grain output), will have to rely on a larger set of new inputs. The

experience during the late 1980s shows that the returns to increased material

inpr-rts were small. This result rnay suggest that government needs to put

1 I ln Chi¡cse statistics, areas affected by naturaì disasters (chengzni miønjù refer to the areas

where the yield is more tharr 30 percerìt lower than the yield of a normal year.
12 Th" average areas affected by natural disasters between 1985 and 1989 were 345.4 million
nru. [n 1990, it was267.3 ¡lillion mu (SSB, ZNTN,1988,1991).
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more effort into effectively organising resources for agricultural research and

infrastructure and into promoting the application of new technologies.

Figure 5.2 Grain Yields and the Areas Affected by Natural Disasters,

1978-7990

Yield
(kglmu)

Area affected
(10 thousand ha)

2600

2400

2200

280

260

240

220

2UJ

180

160

140

r
+yields

¡- areas
2000

1800

1600

1400

Source: Data for yields are from Table 5.1. Data for areas affected by natural disasters are

fronr SSB, ZTN, 1997, p.372.

5.3 The Spatial Distribution of Grain Crops and the lmpact on

Provincial Aggregate Grain Yields

The diversities among provinces in natural and socio-economic

conditions result in great variations in the spatial distributions for different

grain crops. This, in turn, leads to different aggregate yields in different

provinces. This section first exarnines the spatial distribution of different grain

crops. It then analyses the effect of the spatial distribution of different grain

1978 7979 7980 7987 7982 1983 1,984 1985 1986 7987 1988 7989 1990
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crops on the aggregate grain yields of different provinces. The effect of

natural conditions on disaggregate yields among provinces is also examined.

Implications for the study of provincial grain productivity will be drawn from

the analysis.

5.3.L The Spatial Distribution of Grain Crops

Table 5.4 and Table 5.5 show the quantities and shares of sown areas

and output of respective grain crops by province. As can be seen, the spatial

distribution of different grain crops varies significantly. In most provinces,

grain production is dominated by one or two kinds of grain crops' For

example, in Zhejiang, Fujian, Jiangxi, Hunan, Guangdong and Guangxi, rice

sown areas account for more than 70 percent of the provincial total, other

grain crops are generally unirnportant. This feature implies that there are few

alternative grain crops arrailable in these provinces and that the potential for

grain crop substitution may be limited.l3

North of the Yangzi River, grain production is usually dominated by

more than one grain crop. It is noticeable that in many northern provinces,

wheat and corn are both irnportant, indicating a relatively similar spatial

distribution of these two crops. This feature can be observed in Beijing,

Tianjin, Hebei, shanxi, Neimenggu, Heilongjiang and shandong. In other

provinces, such as Jiangsu, Anhui and Hubei, rice and wheat are dominant

grain crops. In Sichuan, Guizhou and Yunnan, grain production is almost

equally shared by rice, wheat and corn, indicating great diversity in natural

conditions within these provinces.

l3 This is partì,v thc rcsult of natural conditions, which restrict the production of wheat and

corn. South of the Yangzi River, temperature and rainfall are both too high for wheat and

corn. The high PH soiiin this area is also not rn. In previous studies

of regional grain production, such as Buck (1 988), and Committee of

Natiõnal Africuliural Division (t987), these re rice regions'
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Table 5.4 Quantities and Shares of Sown Areas of Grain Crops For Different

Provinces ,7988-7990 (three year average)

âres

Total
(1,000 mu)

Rice
%

Wheat
%

Cclrn
%

Soybean
ol/o

Others
%

National

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai

Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong

Henan
Hubei
Hunan
Cuangdong
Cuangxi

Sichuan
Cuizhou
Yunnan
Xizang

1671990

7277
681 1

101205
48932
56043

46524
51915

107843

29.2 26.3 18 .4 7.0 18.4

6301
96045
48464
9281,1

30375
54848

127287

/.J

10.4
2.1,

0.3
1.5

17.7
71..4

8.5

61.2
37.8
73.4
36.5
74.1
89.3

1.3

4.6

46.7

81.8
73.2
69.9

32.7

29.8
29.7

0.4

3.8
0.2
0.0
7.9

3.1

38.5
30.8
36.5
30.9
28.0

2.2
7.4

21.8

45.7
33.7
29.5
18.6

19.1,

43.0
59.6
27.4

2.5

9.8
6.0
7.3

8.3

11.8
1,4.9

31.4

1..4

4.5
2.1,

9.1.

4.3
J./

6.0

7.2
J.J
2.5
2.6

5.6

2.0

5.2
2.0

8.4

6.1.

15.3
25.9
42.9

43.2

25.3
12.7
11.0

17.9
13.8
13.6
15.9
14.9

4.6
13.1

14.9

1,6.5

9.8
20.5

17.8

26.3
25.3
25.8

68.8

?3.9

37.5
46.8

34.4
/.J

17.3
36.4

9.5
33.0

5.7
2.1,

50.3

51.4
26.0

3.6
1.5

0.7

22.2
75.4
15.1

27.1,

41.3

50.1
53.2
42.2
64.6

2.2
7.5
1,.4

5.6
0.9
0.2

29.4

21.9
7.5
2.2
2.2
6.0

77.4
24.3
27.9

1.3

10.6
24.0

138086
77325
79530
69705
53625

744882
36948
52218
2857

Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

61376
42818
5902

10639
27290

24.7

10.3

6.9
2.0

5.0
0.9

Source: The data for totaì sown areas are frorn the SSB, ZNTN, 1990, p'82, p'84, p'95, p97; and

1991 , p.90, p.92. The relative shares are calculated by the author based on the above sources.
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Table 5.5 Quantities and Shares of Output of Grain Crops For Different

Provinces ,7988-7990 (three year average)

Shares

Total
(1000 tons)

Rice
Vo

Wheat
%

Corn
ot/o

Soybean
Vo

Others
%

National 415956.7 43.2 22.0 20.3 2.6 11.1

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong

FIenan
Hubei
Hunan
Guangdong
Cuangxi

Sichuan
Cuizhou
Yunnan
Xizang

2467.3
1723.3

21226.7
8888.0
8010.3

12486.3
16970.0
18590.0

2369.7
32350.3
15614.7
23790.3
8609.3

15790.0
31524.3

30387.0
23682.7
26065.0
19406.3
12263.0

40456.3
6884.3
9992.0

536.7

10291.0
6428.3
1102.0
1754.3
6304.0

9.3
16.4

4.1

0.6
2.6

26.5
13.7
74.1

74.4
53.0
83.6
53.1
84.9
96.4

2.7

/.J
71.3
93.7
88.6
88.4

52.7

49.0

48.7

0.6

37.5
33.6
40.4

30.6
25.6

1.8

0.5
19.4

77.4
27.4

5.1

25.3
2.9

0.5
48.0

s3.3
6.5
1.0

0.8
0.2

15.5
8.2

8.9
25.4

43.6

52.9
64.4
40.8

58.7

48.5

36.8
36.7
32.3
47.4

7.2
3.7
2.3
3.2
5.5

3.0
5.2

17.9

0.6
1..7

0.8
2.8
1.2
1.0
2.6

2.6
1.1

1.0

0.7
1.1

3.5
9.6

1.6.5

33.3
24.8

6.0
/.3
7.7

11.2

1,0.2

9.8
i3.3
1.0.7

2.0

12.4

10.8
6.5
4.0
9.3
1.9

15.7
15.3
14.6

65.4

13.9
28.2
35.6
1.0.4

3.5

52.7
73.3
40.9

Shaanxi
Gansu
Qinghai
Ningxia
Xinfiang

9.4
0.3

2.8

1..2

2.5
'77

0.7
5.4
0.3
0.1

34.8

26.0
4.6
0.9
0.6
8.5

15.9
25.7
27.4

1..6

30.4
17.3

1,9.4

30.7

0.8
1.8

1.0

7.1

28.7

6.6

1..4

0.6

Source: Same as Tabìc 5.4
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Miscellaneous grain crops are dominant only in provinces in the

northwest, includin gXizang, Qinghai, Shanxi and Neimenggu, where more

than 40 percent sown areas are devoted to them. Apart from the constraints of

the dry and. harsh natural environment, the large share of miscellaneous grain

crops in these provinces may also be related to their generally backward

socio-economic development. According to the author's experience in Qinghai

province, a retlote inland area, the proportion of the sown area of

miscellaneous croPs was large but was decreasing over time and the

proportion of wheat tended to increase. In general, the production of

miscellaneous grain crops was carried out in an extensive manner. The

extension of the wheat sown area was associated with relatively intensive

management, better water supply conditions and rrì.ore chemical fertiliser

application. A similar situation has been reported in corn production in

Shanxi province, where the adoption of film cover technology brought about

a significant extension of corn sown area and an improvement in corn yield

(Huang Peirui, et al, 1990; Song fundong and Huang Ren, 1'992).It seems

therefore that the increase in sown area of wheat and corn in many northern

provinces was associated with the development in the rural economy and the

atloption of new technology. From this point of view, the overall proportional

decrease in rniscellaneous crops since the 1950s may have Partly reflected this

relationship. Nevertheless, as discussed previously, there may be a iimit for

the decline in the sown area of miscellaneous crops, with demand stabilising

at a certain level. The situation after 1985 tends to support this point'

5.3.2 The Impact of Natural Conditions on Provincial Aggregate and

Disaggregate Yields

In China, aggregate grain yields vary significantly among different

provinces. These variations, however, have a defined Pattern of spatial
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distribution. As shown in Map 5.1, the aggregate grain yields are generally

higher in the southeast provinces than in the northwest. This is closely

associated with natural conditions embodied by the combination of

temperature, precipitation, topography and soil types.

The effects of natural conditions on provincial grain production can be

demonstrated in two ways. First, given the level of technology, the location of

a particular grain crop is determined by its biological requirements for water

supply and temperature in the growing season. As a result, rice is

concentrated in the south, wheat in the north, corn in the northeast and

miscellaneous grain crops in the northwest. Noting that rice and corn have

genetically higtrer yields than wheat and miscellaneous grain croPs/ average

grain yields should be high in the areas where rice and corn account for a

large proportion of grain production. In contrast, in the areas where

miscellaneous grain crops predominate, average grain yields are expected to

be lower. This means that the spatial distributions of grain crops directly

influence the level of aggregate grain yields in different areas. The pattern

shown i¡ Map 5.1 dernonstrates this relationship. To get a rough estimate of

the extent to which the production structure affects aggregate yield, a linear

regression was run by taking provincial aggregate yields as a dependent

variable, and proportions of respective grain sown areas in the provincial

total grain sown areas as an independent variable. The result shows that

approxim ately 64 percent of the disparities among provincial grain yields can

be explained by the different structure of grain production. Details of the

estimation are attached in Appendix 5.4.
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Map 5.1 Provincial Grain Yield, 1989 /90

> 32O kg/ mu

2BO-320 kg/mu

240-279 kg/mu
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Source: SSB, ZNTN,7997, p.713
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The second effect of natural conditions on grain yields can be reflected

by the different levels of grain yields for each crop in the areas where it is

grown. Yields are high in the areas where natural conditions are most suitable

for the production, and low in the areas where the natural conditions are not

so favourable. Map 5.2, }:r/.ap 5.3 and Map 5'4 demonstrate the spatial

distributions of respectivê grain yields. To reduce the effect of random factors

and to enhance the significance of important producing provinces for each

grain crop, provinces whose sown area of a respective grain crop is less than 4

percent are ignored in the analysis. The remaining provinces are arbitrarily

divided into two categories, taking 20 percent as the norm for rice and wheat,

and 15 percent for corn. Provinces with sown areas above the norm are

defined as major producing provinces for the corresPonding crops, and those

below the norm are non-major producing provinces'

In China's statistics, rice is divided into northern rice and southern rice

according to the location of production. Northern rice refers to rice grown

north of the Qinling Mountain and Huaihe River, a dividing line which runs

through southern Shaanxi and Henan, northern Anhui and jiangsu. South of

this line is southern rice.

It is necessary to point out that northern rice is Japonica rice (gengmi).

ln southern China, Indica rice (xianmi ) is dominant and Japonica rice is only

produced in a few of the provinces along the Yangzi River, including jiangsu,

Shanghai, Anhui, Hubei, and Yunnan. The proportion of the japonica Sown

area in the total rice sown areas of these provinces is generally small. The data

in the SpB household survey shows that per unit area inputs and yields for

the two types of rice are slightly different, with a higher level for japonica

rice. The price of Japonica rice is generally higher than Indica rice because of

the larger demand for Japonica rice. It would therefore be more appropriate
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to separate these two major rice varieties in this study. Flowever, in official

statistics, there are few data for sown areas and output of japonica rice in

southern provinces. This prevents the separate analysis of these two varieties.

Nevertheless, Japonica rice accounts for a relatively small proportion of total

rice production. In the 14 northern rice (Japonica) producing provinces, the

output of rice in 1990 was 76.232 mmt, 18.1 percent of the total national rice

output. This relatively small proportion means that any distortion created by

treating rice in aggregate in this analysis will be small. The difference needs to

be born in mind, however, when comparing the results for the northern and

southern provinces.

Itt 7989 /90, the average yield of rice at the national level was 374

kglrnu (SSB, ZTN , 1991). As shown in Map 5.2, the provinces above average

are mainly located in the middle and lower reaches of the Yangzi River,

including Sichuan, Hubei, Hunan, Anhui, Jiangsu, Zheiiang and Shanghai.

South of the Yangzi River, in Fujian, Jiangxi, Guangdong, Guangxi, Guizhou

and Yunnan, rice yields are relatively low. Rice production is not important in

northern China, though the yields are generally high.

The different yields among provinces reflect, to a certain extent, the

influences of natural conciitions. Serious damage caused by insects is one of

the reasons for the low yield south of the Yangzi River (Liu Zhicheng, et al,

1gS9). The topographical features in this area are also responsible. Hills and

terraces predominate. The ecological conditions for rice production are

therefore not as favourable as in the middle and lower reaches of the Yangzi

River, where flat cultivated land and fertile soil have resulted in prosperous

agriculture and higher rice yields. The relatively high yields of northern rice

can partly be explained by the intensive material inputs utilised in the limited

areas where natural conditions are suitable for Japonica production. For
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Map 5.2. Rice Yield for Different Provinces, T9B9 /90
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Map 5.3 Wheat Yield for Different Provinces,7989 / 7990
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Map 5.4 Corn Yield for Different Provinces,7989/7990
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example, in Beijing and Ningxia material inputs exceeded 110 yuan/mu in

TggO,whereas the national average was 90 yuan/mu (SPB, QNCSZH,7997).In

Ningxia, the rice yield reached 603kg/mu in 1990 (SSB, ZTN,1991), the

highest yietd among the provinces. This high rice yield has, however, long

been recognised to benefit from the fertile soil and a developed irrigation

system in the Hetao Plain.la

Wheat production is distributed widely in China. As shown in Map 5.3,

however, the major producing areas are concentrated north of the Yangzi

River. There are two regions where wheat yields are high. One is in the

Huabei Plain, including Beijing, Tianjin, Hebei, Shandong and Henan, and the

adjacent province of Jiangsu. Another is in the west, including Qinghai and

Xinjiang, as well as Sichuan province. Scientific research has found that the

higher wheat yield in Qinghai and Xinjiang benefit primarily from the long

period of sunshine during the growing season (Liu Zhicheng, ed, 7989).

Corn production is concentrated in the far north of China, as shown in

Map 5.4. In 7989 /90, the national average of corn yield was 281 kglmu. In the

northeast part of China, including Liaoning, Jilin, Shandong and Hebei, corn

yield was generally higher than elsewhere. Once again, this indicates the

favourable natural conditions for corn production'

The above features indicate that the spatial patterns of provincial grain

procluction and the levels of grain yields are strongly influenced by natural

conditions in the provinces. For the respective grain crops, the major

provinces usually have a higher yietd than the non-major provinces. This is

particularly the case for wheat and corn, The impact of natural conditions

14 ,'Huanghe baihai, fu yu yitao" (The Yellow River causes a hundred troubles except for the

Hetao Plain) is a weìl known proverb.
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means that given a certain level of inputs, output could be different.

Comparative studies of provincial grain production must therefore take the

effects of natural conditions and the variations of the grain production

structure into consideration.

5.4 The Growth Patterns of Disaggregate Provincial Grain

Yields

As shown in Table 5.6, between 7978 and 1990, yields of rice, wheat

and corn increased in all provinces. This is consistent with the situation at the

national level. However, variations are significant among provinces and

individual grain varieties. Several notable features can be seen in Table 5.6.

Firstly, for respective grain crops, large increases were concentrated in

the major producing provinces. This is particularly so for wheat and corn. For

example, the large increase in wheat yields occurred in Beijing, Tianjin, Hebei,

Shandong, Flenan, Shanxi and Anhui. Corn yields increased remarkably in

Hebei, Liaoning, Jilin, Heilongjiang, Shandong, F{enan, Jiangsu, Anhui and

Sichuan. Bearing in mind that the highest yields of each grain crop are also

concentrated in the rnajor producing provinces, it rnay be argued that a

structural adjustrnent towards more specialised grain production in

individual provinces will increase production efficiency. Further discussion of

this point is presented in Chapter 9.

As for rice, although the major producing provinces generally had

large increases, Some non-major producing provinces in the north also

increased remarkably. One of the reasons, as mentioned previously, is

because northern rice is only produced in limited areas where local conditions

are suitable for rice production. Another reason is the increasing demand for
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Table 5.6 Growth Patterns of Yield of Respective Grain Crops for Different

Provinces , 1978-7990"
(kglmu)

Area Rice
I&II** I

Wheat
I&II I

Corn
I&II I IIil il

Country 177 93 32 90 75 17 115 77 61

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi
Shandong

Henan
Hubei
Hunan
Cuangdong
Cuangxi

Sichuan
Guizhou
Yunnan
Xízang

Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

103
186

85

89
173
90

74
1,47

53

747
159
77

24
43

86
95
68
86
96

38
J/

5

24
-18

61

722

58

10
86
34

102
45

104
L02
36
1,6

44

153
189
717

92
114

720
255
1,02

71

122
81

30
-12

71.7

1.97

15

88
82
JJ

62
36
1.2

39
94

133
143
107
132
106

-7

5

15

1,7

741.

145
1,3683

2
74
JJ

85
57

115

79
58

33 54

96
743

53
732

83
108
228

85
15
-9
24
14
20

113

1 2 1,49 138 18

727 78 40

717 129 9

109
41,

78
J/
77

81 7

106
175
101

120
105

164
41

72

63
40
10
49

49

72
JJ

34
11

64
50
34
67

55
21

90
86

57

23

65
32

49

97
47

79
5

21

44
39

3047

6

20

-J

25
27
59

1

1 59
45

36

707
11

16

36
1.9

7

80 44

208
169

42
68

-28
13

30

i04
759

61

81
153

84

79
57
59
63

132

73
40
JJ

56
61

1.6

26
27

31

57

i3
63

40J/

32

+ Figures for the grain croPs
total grain sown areas are not presented in this table
** Period I refers to 1978-7984. Period II refers to 1985-1

whose sown areas are smaller than 4 percent of the provincial

Source: USDA, ERS

990

rtl



Japonica rice, which generally has a higher quality. Both the state purchase

prices and the market prices for northern rice were higher than for southern

rice (SSB, QNCSZH ,7987-7997).

Secondly, in accordance with the changes in grain yields at the national

level, provincial disaggregated grain yietds generally experienced two sub-

periods, before 1985 and after 1985. Table 5.6 shows that in most provinces,

the yields of rice, wheat and corn increased rapidly during the first sub-

period and slowed down in the second sub-period. This feature is more

apparent in many major producing provinces. For rice, this can be seen in

Jiangsu, Zhejiang, Anhlti, Fujian, Jiangxi, F{unan, Hubei and Sichuan. For

wheat, it was in Hebei, Shanxi, Jiangsu, Anhui, Shandong, FIenan and Hubei.

For corn, this can be seen in Hebei, Jiangsu, Anhui, Shandong, Sichuan and

Shaanxi. Since these provinces are the most important producing provinces

for the respective grain crops in China, the slow increases after 1985 were

largely responsible for the stagnation in the yields of respective grain crops at

the national level. However, it is also noteworthy that in some major corn

producing provinces, such as Liaoning, Jilin, Heilongjiang and Flenan, the

increase in corn yield was significant during the second sub-period, which

implies a relatively better performance of overall corn production during this

period. [n many non-major wheat and corn producing provinces, yields

increased slowly cluring the first sub-period, and maintained a relatively

stable growth during the second sub-period. As mentioned in Chapter 4,

however, the contribution of these provinces to national grain production is

far less significant compared with the major provinces due to their small

shares in the national total.

While recognising the effect of natural conditions on the spatial

distribution and growth patterns of provincial grain yields, the effect of socio-
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economic factors on provincial grain production cannot be ignored.

Observing the growth patterns of grain yields in the two sub-periods, it can

be seen that the provinces where grain yields increased greatly during the

first sub-period were those major producing provinces where the rural

economies are developed and natural conditions are favourable. In other

major producing provinces where the rural economies developed slowly and

natural conditions are relatively poor, yields increased relatively little.

F{owever, in the second sub-period, the situation was more or less reversed.

Grain yields increased slowly in the provinces where the rural economy

developed rapidly. In the provinces where the rural economy developed

relatively slowly, grain yields continued to increase, though the pace was

slower tha¡ during the first sub-period. This suggests that the different leveis

of rural economic development had an effect on the growth patterns of

provincial grain yields. The discussion of this issue needs to be integrated into

the analysis of the changes in total factor productivity of provincial grain

production and the causes of the changes during the period studied. This

analysis will be undertaken in Chapter 7 and Chapter 8'

5.5 Conclusion and ImPlications

Between 1978 anci 7990, grain yietds increased remarkably. Against this

broad background, however, the growth of yielcis was uneven over time for

respective grain crops and in different provinces. This contributed to the

unevenness in grain output during the same period'

Cenerally speaking, the reforms in the rural organisational system

provided incentives for grain production in the early 1980s. This became the

major catalyst of the rapid increase in grain yields during this period, when

material inputs increasetl only a little, whereas labour inputs decreased
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dramatically. After 7985, the increase in grain yield was modest, although

material inputs increased to a large extent. Poor weather conditions were

partly responsible for this slow increase. F{owever, another direct reason was

the transition of grain production from relying on the accumulation of the

previous period to being more dependent on a new set of inputs. Improving

agricultural technology thus became crucial for sustaining growth in grain

production.

This Chapter has also stressed that the spatial distribution of grain

crops is responsible to a large extent for the disparities among provincial

aggregate grain yields. Taking into consideration that the spatial distribution

of grain production is dorninated by natural conditions, caution is required

when studying provincial grain productivity, in particular, when making

comparisons among provinces.

In examining the growth pattern of provincial grain yields, it was

found that the high levels and the large increases for respective grain croPs

occurred mainly in the major producing provinces for the corresponding

crops. The non-major provinces generally had low yields and increased

slowly. This feature irnplies an efficiency of specialisation in provincial grain

production.

Two sub-periods of changes in grain yields can also be identified in

most provinces and the trend appears related to the levels of rural economic

development. In many major producing provinces where the rural economy

is developed, a large increase occurred during the first sub-period and a

modest increase during the second sub-period. Conversely, in the northwest

provinces, where the rural economy is less developed, grain yields increased

relatively slowly during the first sub-period but continued to increase in the
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second sub-period. This feature suggests that the different stages of

development of the rural economy have had an influence on the growth

patterns of grain yields.

The above analysis of changes in grain yields provides further insights

into the factors affected grain production during the reform period. The

questions remaining are whether or not the increases in grain yields were

productively efficient, and what was the relationship between changes in

yield and changes in total factor productivity among provinces for respective

grain crops. These issues will be examined in the succeeding chapters.
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Appendix 5.4 Measurement of The Effects of Grain Production

Structures on Provincial Aggregate Grain Yields

To estimate the extent to which grain production structures, which are

dominated primarily by natural conditions, have influenced provincial grain

yield, a linear regression model is established. The proportions of sown areas

of rice, wheat, corn and soybean in the provincial total grain sown area are

taken as independent variables and the aggregate grain yield as the

dependent variable.ls The data used are for 1990 from SSB, ZNTN, 1991. The

result using OLS estimation is reported below:

Y = 9.489 + 3.688X1 + 2.676X2 + 3.870X3 - 0.455X¿
(0.1s1) (4.es0) Q.713) @272) (-0.272)

where Y = aggregate grain yield measured by kilogram per mu;

X1 = p€rcentage of rice sown area in total provincial grain sown area;

X2 = percentage of wheat sown area in total provincial grain sown area;

X3 = pêrcentage of corn sown area in total provincial grain sown area;

& : percentage of soybean sown area in total provincial grain sown

area)

Figures in parentheses are the T-ratios. The coefficient of determination

R2 = 0.640, D-W = 1.553 andF=70.222.

The result of the regression shows that the value of R2 is 0.64. This

means that approxirnately 64 percent of the disparities among provincial

grain yields can be explained by the different proportions of sown areas of

rice, wheat, corn and soybean in each province. The larger coefficients of rice

15 Soybean is one of the most important miscellaneous grain crops.
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and corn suggest that the level of provincial grain yield is strongly influenced

by the proportions of sown areas of these two crops. The smaller coefficient of

wheat indicates a less significant effect of wheat sown area on provincial

grain yield. The negative coefficient of soybean, however, suggests that, given

the total sown area in a province, increasing the sown area of soybean would

lower the provincial average grain yield. Noting the insignificant T-ratio, the

reliability of the coefficient of soybean may be poor. Nevertheless,

considering the lower yield of soybean, which was 97 kglmu in 1990 (SSB,

ZNTN, 7991), the negative sign of the coefficient of soybean is reasonable.

It should be pointed out, however, that due to the crudeness of the

data, the simplicity of the method used and the possibly high degree of

multicollinearity in the estimation, the above coefficients should be treated as

approxirnate estimates and should not be used as exact rneasures for further

analysis.
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Chapter 6

Estimation of Grain Production Functions and
Analysis of the Parameters

6.1- Introduction

In measuring total factor productivity, the most important step is to

determine the weight of each input. The task of this chapter is to estimate

these weights using the production function approach outlined in Chapter 2.

In addition, it will devote a great deal of effort to analysing the economic

implications of each parameter estirnated from the production functions.

There are different functional forms in production function analysis, so

it is essential to determine one which is most appropriate for empirical

studies. Before ihe estimated results can be used to make any conclusive

judgement, it is also necessary to test the validity of the results. With this in

mind, therefore, this study provides extensive discussion of the data issue, the

choice of production function, the determination of the independent

variables, the testing of the results and the interpretation of the economic

implications of the results.

As shown in Chapter 5, the variations in grain types are an important

reason for the difference in aggregate yields among the provinces. Since the

yieltìs of individual grain crops are closely related to their genetic

characteristics, production functions will be different for each grain croP.
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Therefore, production functions for wheat, rice and corn, are estimated

separately in this chaPter.

The chapter is organised as follows: Section 2 clarifies the data to be

used in the estimation. It attempts to avoid the confusion caused by unclear

definitions of data and to make the analysis as precise as possible. Section 3

specifies the functional forms for estimating grain production functions.

Estimating and testing the results are undertaken in Section 4. Section 5

analyses the estimation results and compares the differences between

estimates of the production functions for wheat, rice and corn. Some

economic implications for the further development of grain production will

be explored. This is followed by a summary of the main conclusions of the

chapter in Section 6.

6.2Data Specification

In studies of Chinese grain production, data insufficiency, inaccuracy

and inconsistency have always presented problems. Although grain

production has long been considered as one of the most important sectors in

the national economy, official statistical data for grain production inputs are

generally insufficient. Although during the 1980s, the issue of productivity

received increasing attention, the lack of historical and empirical data for

inputs still imposes constraints on the study of productivity in grain

production. Nevertheless, with the increasing concern for the efficiency in

grain production, a number of data sets for grain production inputs and

outputs have been collected by different organisations, based on household

Surveys carried out in the last 10 or So years (see for example, You Jingwen, et

a|,7990; the State Price Bureau (Spn), QNCSZH,7987-7991; the Ministry of

Agriculture (ECCAY), ZNN, 1984-7997; Zhao Shudong, et al, 7997; Z}:.ang
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Yimin, 7990; the State Council, 7990; Geng Dechang, 7990; and Zhou

Zhangyue , 7992). The coverage of these surveys ranges from villages, to

provinces, to the whole country. The availability of this household survey

data has made it more feasible to use a production function analysis to

examine the changes in total factor productivity of grain production.

6.2.L Choice of the Data Set

A common feature of the above household surveys is that they are

wide in cross-section, but relatively short in time series. The longest

nationwide data set has been collected by the Ministry of Agriculture. This

started in 1978 and covers all 30 provinces, autonomous regions and

municipalities. Most of the other survey data sets have been collected after the

mid 1980s. An exception is the household agricultural production survey

organised by the State Price Bureau in co-operation with other departments.

This survey has nationwide coverage and a relatively large number of

observations. The survey started in 1981 and so far, the data from 7987 to 7990

are available.

In the previous studies of productivity for nationwide grain

production, the data set most commonly used has been the one from the

Ministry of Agriculture.l One of the reasons for using this set of data is that it

has a relatively long time series, and since 7984 ít has been published in the

Chinese Agriculturøl Yeørbook (ECCAY, ZNN). This has made the data more

easily available. ln contrast, although the data collected by the State Price

Bureau (SPB, QNCSZH) also cover a relatively long time period, they were

published as individual compendiums and were narrowly distributed. This

I For instance, these data were used by Tian Weiming(1987), Jin Hehui (7990), Liu Zhicheng
(1990) and Zhu Xigang (1997).

126



set of data was therefore much less available to the public than the data from

the Ministry of Agriculture. This has constrained the use of the State Price

Bureau data in previous studies.

Compared with the data set collected by the Ministry of Agriculture,

however, the State Price Bureau data have two distinct advantages.

First, the number of households and the acreage covered in the State

Price Bureau survey sample are larger than the one from the Ministry of

Agriculture. On average, the sample size of the former is roughly three times

that of the latter. For example, in 1986, the survey sample for wheat contained

4,878 households and covered 97,227 mu sown area in the data set of the State

Price Bureau, but only 7,592 households and 70,986 mu in the one from the

Ministry of Agriculture. As a larger sample of data can reduce the random

effects on estirnations, using the State Price Bureau data in estimating the

production function can be expected to provide a better result.2 Appendix 6.4

provides the details of the numbers of households and the amount of sown

areas surveyed for each grain crop in the two data sets.

Second, compared with data from the Ministry of Agriculture, more

detailed information on inputs has been recorded in the data set from the

State Price Bureau (See Appendix 6.4 for a list of the items surveyed in the

two data sets). ln addition, figures for the inputs of chemical fertiliser,

draught animals and seeds are recorded in both monetary and physical terms.

This, to some extent, provides information for detecting possible errors in the

2 Both data sets, however, only provide provincial average figures for each household in
terms of yield and various inputs, These figures were calculated based on the number of
households and acreage surveyed in each province and in each year. Data for individual
households within provinces are rÌot presented. In the estimation of production functions in
this study, therefore, data used are the provincial average for each household instead of all
the individual households in all provinces.
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data. tn the data set from the Ministry of Agriculture, these figures are only

given in monetary terms. Better still, in the production function analysis,

using the physical terms of inputs can avoid the need to use price indices to

convert inputs into constant prices based on a certain year. This is significant

in studying the Chinese economy as the factor markets and prices are both

distorted. Moreover, since 1985 the marketing reforms have allowed different

agents to handle producer goods. The prices farmers have paid in purchasing

these goods vary significantly depending on markets and regions. The price

indices have therefore become less reliable as a means to measure the actual

price paid by individual farmers for producer goods, although in many cases/

they have to be used due to the lack of any better available choice.3

The merits of the data set from the State Price Bureau make it more

appropriate to be used to estimate the production function in this study.

Flowever, because the data are only available since 7987, the situation in the

years 7978-87 cannot be observecl directly. Nevertheless, it may be argued

that although the reforms started at the end of 7978, the effects on grain

production did not become significant nationwide until the early 1980s. Since

this study is mainly interested in the effect of rural reforms on changes in

productivity, the absence of the data before 1981 is not a crucial problem.

6.2.2T}r.e Measurement of Labour Input

One of the prominent characteristics of the household survey is that the

figures for labour input are recorded as the actual input of standard labour

hours or standard labour days. As discussed in Chapter 5, a standard labour

is defined as an adult male labourer working at a medium labour intensity.

3 Discussion of the effect of the quality of chemical fertiliser on the analysis of total factor
productivity is presented in section 6.2.3.
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His eight hours' work is regarded as a standard labour day. There are several

merits in using this measurement. As applied in the survey it only measures

the amount of labour used for grain production alone. The problem caused by

farmers' involvement in multiple activities and the distortion of markets and

prices in estimating the labour input can be avoided. This is particularly

useful in the study of grain production, because of the large number of

surplus labourers in this sector. Moreover, the measurement also avoids, to a

certain extent, the problems caused by changes in labour characteristics in

grain production. It has been reported that in many areas, mature and strong

male labourers in grain production have tended to be replaced by the aged,

children and female labourers (Zhao Shudong, et al, 7997; He Zhuowei,7993).

In the standard labour day measurement, labour provided by different age

groups and genders is converted into standard labour day equivalents.

Despite the merits, some shortcomings of this measurement also need

to be notecl. An obviolls one is that the concept "standard" is more or less

vague and arbitrary. In grain production, there are many different types of

work such as ploughing, sowing, weeding, spreading fertiliser, harvesting,

threshing, storing and so forth. Different kinds of work tend to be undertaken

by different groups of labourers. Generally speaking, male labourers

undertake relatively heavy work such as ploughing, whereas female

labourers are more concentrated in meticulous work such as weeding.a

Therefore, converting the different groups of labourers into "standard" labour

equivalents can only be done arbitrarily. Apart from this, the quality of labour

in different groups, such as their educational and skill levels, cannot be

distinguished by this measurement.

4 This is author's experience when working in the countryside ín 1975 and 7976. The literature
on Chinese agricuìture has also recorded this feature, see for example, Buck (1937) and Tang

Chi-Yu (1980).

r29



Compared with the value share approach in estimating labour input in

individual sectors as used in many previous studies reviewed in Chapter 2,

however, the standard labour day is a better measurement for calculating the

actual labour input in grain production. This measurefitent is, therefore, used

in the following estimation of production functions.

6.2.3 Land, Chemical Fertiliser and Other Capital Inputs

The SPB survey was based on production teams in 1981, 1982 and 1983.

Thereafter, it was based on individual households. In this study, for each

grain crop the average land input of each household in a province is

calculated by dividing the total provincial sown area surveyed by the number

of households surveyed. To keep the data for the land input consistent in the

production function analysis, the clata for these three years are adjusted to the

household level based on the average number of households in production

teams in each province, which is available in the SSB, ZTN,7983, p.1a8. As the

Iand input is derived from the household survey, and the measurement of the

land area is standard in the survey within a province and across different

provinces, the problem in productivity analysis caused by the inaccurate data

for China's overall arable lancl statistics can be avoided to some extent.

Chemical fertiliser is one of the important inputs in grain production

and many studies have found that during the reform period, increasing use of

chemical fertiliser has contributed significantly to the growth of grain output

(Stavis, 7997; Research Institute of the State Price Bureau, 7992; Zhu Xigang

and Shi Zhaolin,7993; ZhouZhangyue, Tgg3).It is therefore useful to take this

input as an independent variable in estimating the production function. By

doing so, the role of chemical fertiliser in the growth of grain output can be

observed explicitly. In the SPB survey data, chemical fertiliser input is
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measured in both physical and monetary terms. To avoid the possible

problem in converting the figures from the current price to the constant price,

this study uses the physical terms in estimating production functions.

It is, however, worth noting that the data used for chemical fertiliser do

not provide information about the combination of different types of fertiliser,

such as N, P, and K. Empirical evidence has demonstrated that the different

combinations can influence the effectiveness of chemical fertiliser as a whole

in increasing output. Since no better options are available, this study will have

to accept this unavoidable shortcoming. In additions, the chemical fertiliser in

the SPB survey did not distinguish the varying quality of fertiliser. If the

heterogeneity arnong different types of fertiliser is strong, it will affect the

estimation of the production function. However, compared with the value

term measurement, the physical term is still superior.

Other capital inputs in the survey were divided into two groups: direct

and indirect inputs. The former refers to the inputs of seeds, pesticide, organic

fertiliser, draught animals, irrigation, plastic film and machinery. The indirect

capital inputs include the depreciation of fixed capital, costs for purchasing

agricultural tools and field monitoring. The indirect costs are generally small

and account for about 4-8 percent of the total production costs. In this study,

direct capital inputs and indirect inputs are combined, and they are classified

as "other capital input" to distinguish them from the chemical fertiliser input.

Certainly, aggregating all other capital inputs into one category will lead to a

Ioss of information about the effect of each input on output. Flowever,

attempts to separate these inputs in the regression failed due to serious

rnulticollinearity problems. The aggregation of all other capital inputs is thus

a compromise selection. In the estimation, the figures for other capital inputs

were adjusted to 7978 constant prices by using the price index of producer
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goods from the SSB, ZTN, 7982-7991. Again, this adjustment was made in the

absence of any better options.

6.2.4T]rre Variable for Weather Fluctuations

Grain production is influenced by various naturai factors. The

fluctuation in weather conditions is one of these factors, and it can affect

significantly the output for the given level of inputs. As shown in Figure 5.2,

there is an inuerse relationship between the areas affected by natural disasters

and grain output. Therefore, it is necessary to consider the weather factor in

the estimation of the production function. Few previous studies, however,

have included this factor. One of the reasons is, perhaps, the iack of data

reflecting the effects of weather fluctuations. Another reason is that there are

no common and sophisticated methods to monitor the effects of weather

conditions. Zìnang and Carter (1993) used the aridity index, which is

calculated on the basis of monthly rainfall and temperature. The merit of this

index is that it considers rainfall and temperature jointly, which gives more

emphasis to the weather conditions in growing seasons. The constraint of this

index is, however, also obvious. It requires monthly rainfall and temperature

data for different areas and involves extensive data processing. Compared

with Zhang and Carter, Nguyen and Wu (7993) used a simpler method. They

took the percentage of areas affected by natural disasters in total crop sown

areas as a proxy of weather conditions and accommodated this index in the

regression as an independent variable. In Chinese statistics, natural disasters

refer to flood, drought, frost, typhoons and hailstorms. Areas affected by

natural disasters are defined as the areas where the crop output was reduced

by more than 30 percent compared with normal years due to disasters. This
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study applies the same method as used by Nguyen and Wu mainly because of

the limitations on the availability of data.s

The data for areas affected by natural disasters for individual provinces

in 1980 and after 1983 are availabtre from the SSB, ZNTN, 7985-7997. Flowever,

data for 1981 and 7982 are not available in any officially published statistics.

In the following estimation of production functions, the figure for the ratio of

areas affected by natural disasters to the total provincial crop sown a¡eas for

1981 and 1982 is the mean provincial value for the years 7980, and 1983-7992.

The detail of the calculation is presented in Appendix 6.8. As shown in Figure

5.2, the national weather conditions in these two years were normal. Using

the mean value would, therefore, not significantly bias the estimation results.

6.3 Specification of the Model for Estimating Grain Production

Functions

As elaborated in Chapter 2, there are different forms of production

function. Choosing the appropriate functional form is essential for correctly

stating the changes in total factor productivity and for conducting an

economically meaningful analysis.

Because of the flexibility of the Translog production functional form

and its relationship to the Cobb-Douglas production function, the former has

been often used in ernpirical studies. In this study, the Translog form was

considered at the initial stage. Flowever, several trial regressions using the

5 An alternative way to monitor the effect of weather fluctuations on the production function
is to subtract the areas affectecl by natural disasters from the total grain sown areas, and then
to consider the areas affected by natural disasters as an independent variable in the
regression. However, this method may cause a biased estimation, as the effects of rveather
fltrctuations may also affc.ct the performance of other inputs, including, fertiliser, labour, and
other direct capital inputs. For this reason, it is more efficient to use the Nguyen and Wu's
method to monitor the aggregated effects of weather fluctuations on grain production.
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Translog forms for wheat, rice and corn failed to obtain statistically significant

estimates due to serious multicollinearity problems in the regressions. This

study, therefore, uses the Cobb-Douglas production function form in the

estimation.6 Experience has shown that simple functions involving as few

parameters as is practically feasible often perform best. They can avoid the

convergence problems in the estimation process occurring when there are a

large number of independent variables in the estimated equation (Dawson

and Lingard,7989, Fan Shenggen, 1990).

As discussed in Chapter 2, in many previous studies using the Cobb-

Douglas production function, a time trend is included in the regression to

capture the neutral changes in technology. However, this measurement may

have some shortcomings in studying Chinese agricultural production. In

China due to the limit on land resources, technical progress is strongly biased

towards land-saving. This means that technical progress may not be neutral

over time. Even if the parameter for the time trend is insignificant in the

regression, it does not mean that there is no technical progress, as biased

technical progress is not necessarily insignificant. Therefore, including a time

trend in the Cobb-Douglas production function for a relatively short period of

time may not be much help in understanding technical progress in Chinese

agricultural production. A trial regression using the SPB survey data did not

show a statistically significant coefficient for the time trend. This is consistent

with the results of the studies by Stavis (1997), Lin Yifu (1992), and Zhang Bin

and Colin Carter (7993), in which the parameter of the time trend is not

significantly different from zeÍo. For this reason, it is more sensible to leave

the time trend out and to concentrate on examining changes in total factor

productivity from the ratios of outputs to inputs. This approach provides

6 Muny scholars have used the Cobb-Douglas production function in estimating China's
agricuìttrral productivity. These incìucle Feng Haifa,1986; Tian Weiming, 7987l.Zh.u Xiguang,
1991; Stavis,1991; Lin Yifu 1992;Zhang Bin and ColinCarter,7993, and WuYanrui,1993'
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greater flexibility for the analysis of production movements and of

relationships among variables.

In recent years, panel data analysis has been widely used in economic

studies. This is because panel data can provide a rich environment for the

development of estimating techniques and theoretical results (Greene, 1'990).

The major advantages of using panel data, as Hsiao (1986) pointed out, are: 1)

the large number of data points, increasing the degrees of freedom and

reducing the collinearity among explanatory variables, and 2) the capacity to

analyse economic questions that cannot be addressed using cross-sectional or

time-series data sets. Because of these advantages, this study uses a panel

data approach to estimate production functions for wheat, rice and corn. The

natural logarithm Cobb-Douglas functional form based on the discussion

above and fitted with panel data can be written as:

Fixed:

Random:

Ln(Y¡) = di + øún(S¡) + a 2Ln(L¡) + øsLn(F¡t)

+ naLn(K¡) + ø5Ln(D¡) + e¡t

LnU¡) = a o * ø ún(S¡t) + a2Ln(L¡) + ø jLn(F¡)

+ aaLn(K¡) + ø5Ln(D¡)+ u¡ + e¡

(i = '1, 2,...,N; t = 1, 2,....T)

(6.1)

(6.2)

where Y = output tneasured in kilogram,

S = sown area measured in mu,

L = labour input measured in the standard labour days,

F = chemical fertiliser nleasured in kilogram,

K = other capital inputs measured in yuan.

D = weather index measured by the percentage of areas affected by

natural disasters in total crop sown areas.
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All the variables are the household level figures based on the

provincial average given in the SPB survey. Form (6.1) and form (6.2) are, in

turn, called the "fixed effects model" and the "random effects model" (Hsiao,

7986, Greene, 1990). di, a0, ã1,, ã2, ãg, ã4 and a5 are parameters to be estimated'

d1 in form (6.1) stands for the fixed effects of the ith individual (or province in

this context). a¡ in form (6.2) is the constant term, and ui is the random

disturbance characterising the ith individual province and it is consistent

through time. e¡ is the residual. Subscripts i and t stand for the ith individual

province at year t.

In practice, the choice of whether to use the fixed effects model or the

random effects model depends rlpon "the context of the data, the manner in

which they were gathered, and the environment from which they came."

(Hsiao, 7986, p.43). In previous studies of Chinese agricuitural production

function, models with ranclom effects (form 6.2) have been used the most (Fan

Shenggen , 7990; Zhu Xigan g, 7997; ZÌi.ang Bin and Colin Carter, 7993). Aware

of the effects of regional disparities in natural environment and socio-

economic conditions on regional production, some scholars have adopted

dummy variables in the random effects models to capture the specific effects

of individual regions or provinces. However, there are some shortcomings in

using regional dummies. One is that they are often set rather arbitrarily and

within a region heterogeneous features are sometimes very strong (see

Chapter 3 for the discussion). Apart from this problem, the random effects

model with dumrny variables is also costly in terms of degrees of freedom lost

(Greene, 7990, pA9Ð. This reduces the efficiency of estimates. Compared with

the random effects model, the fixed effects model approach has advantages in

terms of distinguishing the provincial specific effects and, at the same time

allowing a more efficient estimation.
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The basic idea underlying the fixed effects model is the belief that the

differences between individuals can be viewed as parametric shifts of the

regression function (Greene, 7990, p.a85). In studying China's grain

production, the characteristic of the fixed effects model is of significance, due

to the existence of regional disparities in terms of grain production

conditions. This is particularly important in this study, because it aims to

explore the provincial disparities in total factor productivity and their

relationships to provincial-specific effects. The different values of fixed effects

among provinces reflect the impact of natural and socio-economic factors on

the relative levels of productivity, which is an issue of central concern.

Therefore, the fixed effects model is used in the following estimation. T

6.4 Report of the Estimation Results

For the reasons discussed above, the production functions for wheat,

rice and corn are estimated separately. The estimations first concentrate on

wheat. The procedures used for estimating the production function for wheat

are also suitable for rice and corn. The computer program used was LIMDEP

version 6.0 developed by William Greene (7997).

L) Wheat

The sample from the survey for estimating the production function for

wheat includes 20 provinces, autonomous regions and municipalities. These,

7 According to Hsiao (1986) and Greene (1990), the test of the suitability of the fixed effects
model and the random effects model in a specific case is to examine whether di is correlated
with explanator variables. A fixed effects model should be used when di is correlated with
explanator variables, alrd a random effects model should be used when d¡ is uncorrelated
with explanator variables. For this study, the Wald test (or Hausman statistic) suggests that a
fixed effects model is more appropriate.
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in turn, are: Beijing(1), Tianjin(2), Hebei(3), Shanxi(4), Neimenggu(5),

Heilongjiang(8), Shanghai(9), jiangsu(10), Anhui(12), Shandong(15),

Henan(l 6), Hubei(17), Sichuan(21 ), Guizhou(22), Yunn an(23), Shaanxi(24),

Cansu(25), Qinghai(26), Ningxia(27) and Xinjiang(28). The other provinces are

not included because of the small proportion of wheat sown areas in

provincial total sown areas and/or the absence of data. The data are from

1987 to 7990, with a total 200 observations. Table 6.7 presents several

regression results using the ordinary linear squares estimation (OLS).

Regression R1 uses tl're form (6.i¡ sp".ified above. The result shows

that the t-ratio of labour input is statistically insignificant. Examining the

correlation among inputs, it is found that the labour input is correlated to

land, fertiliser and other capital inputs. This correlation is understandable as

experience tells that changes in labour input would be most likely to bring

simultaneous changes in land, machinery and other inputs.

The statistically insignificant elasticity of labour input may also be

related to the existence of surplus labour in grain production. As shown in

Table 5.2, labour input decreased rapidly during the early years of the

reforms and stabilised suddenly with tl-re completion of the implementation

of the HRS in 1984.It is argued that the stable level of labour input after 1985

may reflect the small marginal output of labour input. This implies that there

are not enough variations to allow the regression to capture the effect of

marginal changes in labour input on output. Therefore, the elasticity of labour

input may not be able to be estimated in this case.
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Table 6.1 Estimates of Production Functions for Wheat,7987-7990

(Fixecl effects model)

Coefficient R1 R2 R3

Land

Labour

Chemical
fertiliser

Capital

Disaster

d1 = 4.080*
d2 = 4.082
d3 = 4.060
d4 = 4.072
d5 = 3.902

0.576
(4.621)

- 0.034
(-0.s8e)

0.180
(4.327)

0.298
(3.82s)

0.527
$.670)

0.190
(s.011)

0.299
(3.8s6)

-0.041
(-2.27s)

0.189
(s.033)

0.299
(3.873)

-0.041
(-2.301)

-0.038
(-2.146)

R2 0.989
F 545.770
Flausman statistic 15.351

Sum 7.020

0.987
572.227
77.243

1.015

0.837
327.092

71.602

d8 = 3.794
d9 :4.209
d10 = 4.774
d72 = 4.022
d15 = 4.727

d16 = 4.706
d17 =3.937
d27 = 4.132
d22 = 3.850
d23 = 3.992

d24 = 4.043
d25 = 4.036
d26 = 4.009
d27 = 3.986
d28 = 3.974

* The d; reported is from the regression R2. The order of the provinces is the same as

presented in the text

As the parameter value of labour input is fairly small and insignificant,

this variable is omittecl in the regression R2. (The effect of this omission on the

analysis will be discussed in Section 6.5). The result shows that the elasticity

of land input decreased significantly, the chemical fertiliser input inoeased

slightly and the others have no significant changes. The coefficient of

determination R2 also changed slightly. The differences in the elasticity of

land input in R1 and R2 reflects the correlation between land input and labour

input.
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In Rl and R2, the sum of the coefficients is approximately equal to one,

suggesting constant returns to scale in wheat production. To test this, a

hypothesis can be set as:

Hg:â1 *â3*à4=7

As the coefficient of labour input is insignificant, the test is based on

the result of the regression R2. The value of a parameter of any of the input

variables is representecl by 1 minus the rest of the parameters. The coefficient

of land input, therefore, can be specified asl

ât=L-a3-à4

The forrn (6.1) then becomes:

LnU¡) = dí + fi-a j - aùLn(S ¡) +

+øsLnG¡) + a aLn(K¡¡) + asLn(D ¡)+ e¡t

(6.3)

Ln(Y¡t) - Lnß iì = di + øs[LnG ¡t) - Ln(S il
+ øa[Ln(K¡) - Ln(St)] + ø5Ln(Dit) + e¡

Ln(Y ¡tl S¡) = di + ø {LnG ¡tl S¡)

+ ø¿(Ln(K¡tlS¡) + øsLn(Dit) + e¡t

(6.4)

(6.5)
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The dependent variable on the left hand side of the form (6.5) becomes

the yield, and the independent variables on the right hand side denote

chemical fertiliser and other capital inputs per unit area, respectively. The

variables are all in the logarithmic forms. Apart from testing the hypothesis of

constant returns to scale, the fonn (6.5) is also of practical significance.

Because of China's lack of arable land, the increase in grain output has mainly

relied upon the increase in output per unit of land. The parameters in the

forrn (6.5) indicate the elasticities of chemical fertiliser and other capital

inputs to wheat yield.

R3 in Table 6.1 shows the estimated result of applying the form (6.5),

which is on the basis of per unit area. The F test does not reject the hypothesis

that there are constalrt returns to scale in wheat production (at the 5 percent

level).8 Therefore, constant returns to scale can be accepted for wheat

production. This result suggests that an equiproportionate change in all the

inputs will generate the same proportionate change in output.9

The fixed effect term d¡ shows the variations in different provinces.

Theoretically, the values of d¡ reflect the relative levels of average

productivity in different provinces under the given natural conditions and

level of socio-economic development. Therefore, they can be used to judge the

efficiency of provincial production in terms of resource utilisation. A high

value of the fixed effect means that, given the level of inputs, the output is

large. In contrast, a small value of the fixed effect means a small output under

8 B".unre the dependent variable in form (6.5) is different from that in form (6.1), the F test

using the value of R2 is no longer valid. In this case, the F test is processed by using the
urrrestricted sum of squared residuals and the restricted sum of squared residuals (Greene,

1990, p.27O. The F value here is 0.087. The critical value in the F test table is 3.890 at the 5
percent significant level.
9 The result of constant returns to scale will be used in analysing the sources of yield growth
in Chapter 7.
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a given level of inputs. Further analysis of relative provincial efficiency in

grain production will be presented in Chapter 9.

2) Rice

The estimation procedure for rice is basically the same as has been

described for wheat. In the SPB survey, however, the data for rice are

collected separately on the basis of different kinds of varieties. In the

regression, the weighted average output and inputs of different kinds of rice

are used to estimate production function of rice.10 The sample includes 20

provinces and 200 observations. The provinces are Beijing(1), Tianjin(2),

Liaoning(6), Jilin(7), Heilongjiang(8), Shanghai(9), Jiangsu(70),Zlnqiang(11),

Anhui(12), Fujian(13), Jiangxi(14), Henan(l6), Hubei(17), Hunan(18),

Cuangdong(19), Cuangxi (20), Sichu an(27), Guizhou(22), Y unnan(23) and

Ningxia(27). Table 6.2 shows the results of the estimations.

Like the situation in wheat production, the coefficient of labour input is

small and statistically insignificant for rice in the regression R1. In regression

R2, the variable for labour input is dropped. The coefficients in R2 changed

somewhat compared to that in R1, in particular for land input and the other

capital input.

The sum of coefficients is approximately equal to 1 in Rl and R2. The

regression R3 using the form (6.5) shows that the coefficients for different

inputs changed slightly compared to R2. The F test does not reject the

10 The author is aware of effects of the heterogeneity of different rice varieties on the
estimation, in particular, the difference between h'rdica rice (xianml) and ]aponica rice
(gengmÐ. However, separating estimations of production functions for different varieties of
rice are constrained by the small numbers of provinces for each type of rice and the
insufficient data in official statistics. Therefore, this study estimates only the aggregate rice
production furrction.
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hypothesis of constant returns to scale in rice production.ll The constant

returns to scale can be accepted.

Table 6.2 Estimates of Production Function for Rice, 1987-7990

(Fixed effects model)

Coefficient R1 R2 R3

Land

Labour

Chemical
fertiliser

d7 = 4.997"
d2 = 5.029
d6 = 5.255
d7 = 5.180
d8 = 5.024

0.643
(8.1s7)

0.031
(0.s62)

0.115
(4.s28)

d9 = 5.275
d10 = 5.227
d11 = 5.151
d72 = 5.049
d13 = 5.053

0.658
(10.311)

Capital 0.208
(3.0e8)

Disaster -0.045
(-2.624)

R2 0.981
F 497.090
I-Iausman statistic 72.509
Sum 0.997

0.719
(41s0)

0.258
(3.3e2)

0.779
(4.777)

0.222
(2.587)

-0.041
(-2.s81)

0.488
327.470

7.556

-0.039
(-2.s80)

0.980
451.000

11.880
1.035

d74 = 5.013
d76 = 5.185
d77 = 5.096
d18 = 5.195
d19 = 4.909

d20 = 4.968
d21= 5.365
d22 = 5.196
d23 = 5.195
d27 = 5.315

* The d; reported is the result of R2.

3) Corn

The sample for corn production is from 19 provinces and 190

observations. They, in turn, are: Beijing(1), Tianjin(2), Hebei(3), Shanxi(4),

11 The F test for the hypothesis of constant returns to scale is 2.145. The critical value from the
F table is 3.890 at the 5 percent level.
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Neimenggu(5), Liaoning(6), Jilin(7), Heilongjiang(8), Jiangsu(10), Anhui(12),

Shandong(15), Henan(16), Hubei(l7), Sichuan(27),Guizhou(ZZ), Yunnan(23),

Shaanxi(24), Gansu(25) and Xinjiang(28). The estimates of production

functions are reported in Table 6.3.

Table 6.3 Estimates of Production Function for Corn (1981-1990)

(Fixed effects model)

Coefficient R1 R2 R3

Land

Labour

Chemicaì
fertiliser

d1 = 4.900"
d2:4.970
d3 = 4.864
d4 = 4.837
d5:4.884

0.699
(8.4s1)

-0.239
(-3.361)

0.565
(8.s30)

Capital 0.237
(s.237)

Disaster -0.048
(-3.s88)

R2 0.989
F 810.380
Flausmanstatìstic 9.228
Sum 0.972

0.234
(8.478)

d6 = 4.972
d7 = 5.074
d8 = 4.803
d10 = 4.829
d72 = 4.723

0.224
(7.839)

0.227
(4.72s)

-0.047
(-3.1e6)

0.985
784.722

77.470
1.010

0.226
(7.860)

0.227
(4.67s)

-0.049

G3.3e0)

d15 = 4.807
d76 = 4.805
d77 = 4.664
d21 = 4.581
d22 = 4.439

0.858
37.670

8.520

d23:4.496
d24 = 4.744
d25 = 4.738
d28 = 4.883

* The di reported is the result of regressiotr R2.

Regression Rl is estirnated by using form (6'1)' It can be seen that the

coefficient of labour input of corn is negative. This is unlikely to be the case in

reality. In the regression R2, the variable of labour input is dropped. The

coefficient of land input decreases significantly, implying that there is a
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Strong correlation between sown areas and labour input. The sum of

coefficients in R2 is approximately equal to one.

Form (6.5) is used in regression R3 to test the pattern of returns to scale.

The F test, again, does not reject the hypothesis of constant returns to scale in

corn production at a 5 percent significant level.12 Therefore, constant returns

to scale is accepted.

6.5 Analysis of the Parameters and the Comparison of

Production Functions for Wheat, Rice and Corn

In the above estimation of production functions of wheat, rice and corn,

the most notable point is that the elasticity of labour input is either

statistically insignificant or negative. This is contrary to the expectation of a

statistically significant and positive elasticity of labour input. One of the

reasons, as mentioned above, is because of the multicollinearity problem

which makes it difficult to observe the separate elasticity of the labour input.

This problem was also found in other previous studies of Chinese agricultural

production, such as Nguyen and Wu (1993) and Tsang Shu-ki and Cheng

Yuk-shing (7994). Although stavis, (7997) did not mention this issue in his

estimation of production function, the negative coefficient of labour input in

that study is most likely caused partly by the same problem. In some other

stndies, such as Lin Yifu (7992), a statistically significant and positive

coefficient of labour input was derived, the value was, however, relatively

small. ln Lin's estimation, it was only 0.13. Fan Shenggen's study (7990), using

a Translog forrn of production function, shows that the elasticity of labour

12 tne F value in the tc'st is 3.303 ancl the critical value in the F table ís3.92 at the 5 percent
signiiicance level
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input decreased over time.13 Despite some variations, the results of this study

and the other studies mentioned above may imply a relatively small elasticity

of labour input in Chinese agricultural production.

It should be pointed out that no matter whether the elasticity of labour

input is small or not, the marginal productivity of labour input is most likely

to be negligible in Chinese grain production. According to the definition, the

marginal productivity of labour input is ðQ/âL=¿*Q/L. e stands for the

output elasticity of labour input, Q is the output and L is the labour input.

Given the elasticity e, it is clear that with the increase in L, the marginal

productivity of the labour input will decline, as the output Q cannot keep the

same growth rate as labour input increases due to the effect of diminishing

returns. When L reaches a certain level, the marginal productivity of labour

input AQ/ AL will tend to be zero. The whole process can be accelerated when

the e is small. This is most likely the case in Chinese grain production. The

existence of surplus labour may force farm households to increase labour

input to the level where the marginal productivity of labour input is

negligible or very low. In other words, increasing labour input beyond the

current level has no significant effect on output.

The existence of surplus labour means that the labour supply has little

Iimitation compared with other inputs. In this case, it is reasonable to believe

that the level of grain output is determined primarily by other inputs. The

omission of the labour input in the regression simply means that the effects of

the labour input, if any, have been embraced in other inputs. The foliowing

analysis therefore will concentrate on the land, chemical fertiliser and other

capital inputs.

13 Lit-r and Fan used longer tinre series in their estimations, which may have helped to reduce
the effects of the multicollirrearity problem o¡r the estirnation.
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A comparison between wheat, rice and corn shows that differences of

parameter values are significant for respective inputs. It is also noted that for

each grain crop, the values of the elasticity of respective inputs differ from the

ones estimated for aggregate grains as reviewed in Chapter 2. These results

indicate the differences between the production functions for the respective

grain crops and underline the necessity to estimate them separately. From the

standpoint of understanding the mechanism of the development of grain

production, a disaggregate approach is obviously superior compared with an

aggregate one, because the former provides more specific information about

the input-output relatiol"rsìrip for each crop. This information is of importance

for stipulating appropriate policy measures for guiding grain production.

Table 6.4. Comparison of The Coefficients of Wheat, Rice, and Corn*

Coefficients Wheat Rice Corn

Land

Chemical
fertiliser

Capital

Disaster

Average d1**

0.527

0.190

0.299

-0.041

4.7

0.658

0.719

0.258

-0.039

5.1

0.565

0.224

0.227

-0.047

4.7

* Using R2 in Table 6.1, Table 6.2 and Table 6.3.
** Arithmetic average of di in R2.

To provide a clear view, the coefficients of wheat, rice and corn

estinrated in the previous section are brought together in Table 6.4.I1can be

seen that the coefficients of land input are large for all the three grain crops. It
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is also noticed that these values are generally larger than most of the previous

studies of Chinese agricultural production reviewed in Chapter 2. One of the

reasons for this can be attributed to the different scope of the studies. Many

previous studies were concerned with agricultural production as a whole,

either in the broad perspective or in the narrow perspective. The larger

coefficient in this study implies that grain production is more reliant on sown

areas than agriculture as a whole. Another reason, however, may be related to

the omission of the labour input in the regressions in this study, which

possibly adds a part of the labor,rr input effect to the land input. Nevertheless,

the high elasticity of the land input found in this study indicates that sown

areas are a crucial factor in determining grain output in China. It underlines

that government control over grain sown areas through central and local

plans have been an effective means to stabilise grain output. This result,

however, also implies that the potential for further increases in grain output

in China is low, as the arable land is extremely limited and the sown area of

grain has been declining.

The comparison among the three grain croPs shows that the

coefficients of land input of wheat and corn are smaller than that for rice. The

marginal output of land input for different grain crops can be calculated.

Based on the SPB data for 1990, the marginal outputs of a one mu increase in

land input for wheat, rice and corn are 112.2 kg/mu, 257.2 kg/mu and 770.4

kglmu, respectively.

The coefficient of chemical fertiliser input is important for all three

grain crops. The comparison among wheat, rice and corn shows that wheat

and corn have slightly larger coefficients than rice. According to the SPB

household survey data used in this study, in 1990, the average chemical

fertiliser consumption per mu was 68.78 kg/mu for rice, 52.6 kg/rnu for
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wheat and 50.5 kglmu for corn. The average yields were 474.23 kglmu for

rice, 230.33 kglmu for wheat and 358.29 kglmu. Therefore, the marginal

output of a one kilogram increase in the chemical fertiliser input for rice,

wheat and corn are 0.776 kg, 0.831 kg and 1.589 kg, respectively. This suggests

that increasing chemical fertiliser is relatively effective for corn compared to

rice and wheat. Given the average prices of chemical fertiliser and grains, 0.63

yuan / kg and 0J2 yuan /kg, respectively in i990 (SSB, ZTN, 7997, pp.262-263),

it seems that for wheat and rice, there was little incentive for farmers to

further increase the application of chemical fertiliser.

It is noticed that the elasticity of capital inputs are higher than most of

the previous studies reviewed in Chapter 2. This, on the one hand, may reflect

the fact that the level of capital input is relatively important for grain

production. On the other hand, it may imply that solely considering

machinery, irrigation and draught animal aS was done in many previous

studies, is unable to state the effects of overall capital inputs. The information

incorporated frorn the SPB survey shows that seeds and pesticides have also

been very irnportant inputs in grain production.

There are, however, significant differences in the output elasticities of

wheat, rice and corn with respect to other capital inputs. The marginal output

of this input also varies among respective grain crops. According to the SPB

slrrvey data, in 1990 the marginal outputs of other capital inputs were 0.92

kg/ yuan for wheat , 1.76 kglyuan for rice and 1 .76 kg/ yuan for corn. Given

the fact that grain sown areas are showing a tendency to decline, increasing

capital inputs are essential for further increases in grain output. For the

technical reasons specified previously, however, this study cannot provide

further details of the effect of each individual capital input.
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Observing the average values of the coefficient of the fixed effects term

di, it can be seen that rice has a generally higher value, and this is followed by

corn. Wheat has the lowest value. This feature is related to the fact that,

because of the differences in biological characteristics, the average yield of

wheat is genetically lower than the average yields of rice and corn. The

inference is that it is inappropriate to compare the yield levels among

provinces without taking the biological characteristics of yields into

consideration.

The proportion of areas affected by natural clisasters in total sown areas

of crops is included in the model to reflect the effect of weather fluctuations

on grain output. Not surprisingly, the result shows a significantly negative

coefficient of weather conditions. This indicates that the fluctuations in

weather conditions have significant effects on the output, in particular, on rice

ancl corn. This result supports the argument made in Chapter 5 that the

growth pattern of grain yield has been strongly influenced by weather

fluctuations. The favourable weather conditions contributed to the rapid

increase in grain output in the early 1980s and the unfavourable weather in

the late 1980s was one of the reasons for the slow down of the growth during

this period.

6.6 Summary and Remarks

In this chapter, production functions for wheat, rice and corn are

separately estirnated. The result shows that the output elasticity of wheat, rice

and corn with respect to land input is large, underlining the importance of

land input in grain output. Stabilising grain sown areas is crucial to ensure

stable output.
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The regression cannot obtain a statistically significant elasticity of

Iabour input for wheat, rice and corn, despite the fact that, in reality, a

positive elasticity of labour input is expected. The conclusion that can be

made here is tl'rat because of the existence of surplus labour, increasing labour

input beyond the present level will have little effect on the output, no matter

whether the elasticity of labour input is statistically significant or not. As the

labour supply is relatively unlimited, grain output is determined primarily by

the level of other inputs. In the regressions, the effect of labour input on the

output of wheat, rice, and corn, if any, is embraced by the elasticities of other

inputs.

The output elasticities of chemical fertiliser and other capital inputs are

important for all the three grain crops. This implies that the potential for

increasing grain output in China largely relies on these two inputs, given the

fact that the sown area is limited and is tending to decline.

The weather factor is included in the estimation. The coefficient of this

variable is significant and negative for wheat, rice and corn. This result

further supports the argument made in Chapter 5 that the fluctuations in

weather conditions have influenced grain output during the period studied.

This result also suggests that in studying productivity changes, the effects of

weather conditions must be taken into consideration.
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Appendix 6.4

1. The State Price Bureau's Survey

Table 6.A.1, Production Costs, Gross Returns and Labour Productivity

Items Unit

N u mbers_o_f cou nties, vi llages

and households surueyed

Acerage surveyed

county/household

MU

Per mu

Output
Gross value
Material costs
Labour days
Labour costs
Total production costs
Tax
Net income**
Profits***

jin*
yuan
yuan
days
yuan
yuan
yuan
yuan
yuan

Average purchase price per 50 kg product

Labour productivity
yuan

yuan/day

Non-production costs per mu yuan/mu

* l jin =l/2kg.
*+ Net income refers to the returns after deducting production costs.
*** Profits refer to the remainder after deducting production and labour costs

r52



Table 6.A.2 Calculations for Material Costs

Items Uint

Total material costs yuan/mu

Direct production costs
1. seeds
2. fertiliser
3. pesticides
4. draught animals
5. machinery
6. irrigation
7. others

yuan/mu
yuan/mu
yuan/m u

yuan/mu
yu an/m u

yuan/mu
yuan/mu
yuan/mu

lndirect production costs
1. fixed capital depreciation
2. costs for purchasing and reparing

small agricultural production tools
3. field monitor
4. sales costs

yuan/mu
yu an/m u

yuan/mu

yuan/mu
yuan/m u

Appendix
1. draught animals
2. seeds
3. chemical fertilíser
4. costs for-purchasing chemical fertiliser

unit/mu
jin/mu
jin/m u

yu anlm u

153



ttr)
r-iTable 6.4.3 The Sample Size of the SPB Survey for Wheat, Rice and Corn, 7987-7990

" Figures for 1981 , 1982 and 1983 are based on production teams

1981
1 982
1983
1984
1985
1986
1 987
19BB
1 989
1 990

Year

490
508
527
478
571
601
604
632
549
593

805
892
774

33 53
3454
487 B

4034
41 00
407 1

4601

1 68967
1 5925 1

1 8001 4
6571 0
64735
97228
78585
45864
4251 I
45626

Wheat
Counties Households' Sown

areas

mu

640
682
729
584
614
679
591

660
607
710

984
11 42
1 092
3081
3804
4602
3594
4360
4369
4770

1 34227
61159

1 057 87
1 6208
1 9531
1 8570
17286
21 843
221 34
21 643

Rice

Counties Households Sown

areas

mu

391
391
436
291
468
473
512
496
501
487

575
614
677

241 B

3008
31 54
3263
3324
3463
347 B

1 05691
79728
901 67
21 046
20589
22551
2231 4
22542
22993
28'163

Corn

Counties Households Sown

areas

MU



2. The Ministry of Agriculture' Survey

Table 6.A.4 Production Costs, Gross Returns and Profits

Items Unit

Households surveyed

Acreage surveyed

household

MU

Per mu

Output
Gross value
Material costs
Labour days
Labour costs
Total costs
Prof its

kg
yuan
yuan
days
yuan
yuan
yuan

Material costs
1. seeds
2. fertiliser
3. field monitoring
4. machinery
5. draught animals
6. irrigation
7. other direct costs
B. common costs
9. management and others

yuan/mu
yuan/mu
yuan/mu
yuan/mu
yuan/mu
yuan/mu
yuan/mu
yuan/mu
yuan/mu
yuan/mu
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Table 6.4.5 The Sample Size of the Ministry of Agriculture's Survey
for Wheat, Rice and Corn, 7984-7990"

- Data for 1981 ,1982 and 1983 are not available

Year
Wheat
Households Sown

areas

MU

Rice

Households Sown
areas

MU

Corn

Households Sown
areas

MU

1984
1985
1986
1987
19BB
1989
1990

1 180
1853
1592
1891
177 2
1 670
1 835

77 91

1 0985
B9B5

1 2059
11004
10410
21 049

l OBB

107 4
'1056

1175
1 190
1816
1 902

659 7

6463
639 6

6900
67BB

10771
1 2657

934
1308
1 084
1456
1 085
1087
1 182

435 9
5386
47 57
6673
6037
520 1

7112
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Appendix 6.8

The Mean of Areas Affected by Natural Disasters and the Mean of
Total Sown Areas,L98 0, 7983-1992

10 thousand ha)

Provinces Mean of areas affected

by naturaldisasters
Mean of total

crop sown areas o/fo

National

Beijing
Tianjin
Hebei

Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai
Jiangsu
Zhejian
Anhui
Fujian
Jiangxi
Shandong

Henan
Hubei
Hunan
Guangdong
Guangxi

Sichuan
Guizhou
Yunnan

Shaanxi
Gansu

Qinghai
Ningxia
Xiniianq

21860.76

69.36
98. 82

1621 .7 0

997.33
1207.39

785.55
101 1 .97
1 394.33

17.73
1017.06

379.73
1321 .12
266.97
578.15

1665.97

1 630.00
1116.91
1313.12
599.58
642.48

1168.97
523.97
437.39

932.97
538.39

71.85
112.24
1 36.76

1 45507 15.02

11 .26
16.47
18.56
24.56
26.03

21.20
24.97
16.33

2.54
11.98

8.5 3
16.34
10.49
10.44
15.52

14.09
15.22
16.96

9.5 2
13.42

9.6 7
16.45
10.54

19.43
15.30
1 3.95
13.13
4.65

616
600''

873 B

406 1

463 B

3705
4053
853 7

697
8487
4454
BOB 7

2545
5537

1 0737

1 1571
733 9
77 43
629 9

47BB

1 2091
31 85
41 50

480 1

351 I
515
855

2941
Source: SSB, Z\ITN, \985-1993.
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Chapter 7

Changes in Total Factor Productivity and

Sources of Yield Growth

7.1- Introduction

The preceding chapter estimated respectively the production functions

of wheat, rice and corn. In this chapter, the estimated output elasticities with

respect to individual inputs are used as weights to compute the total factor

procluctivity index (hereafter TFPI). Two major issues will be examined'

The first concerns growth patterns of total factor productivity. As

shown in Chapter 4 and Chapter 5, between 7978 and 7990, both output and

yields of grain increased dramatically but unevenly. The major increases

occurred in the early 1980s, while between 1985 and 7990, output and yields

increased slowly for the country as a whole and for many individual

provinces. This chapter examines the growth patterns of total factor

productivity and investigates their relationship to the changes in output. It

also analyses the impact of government policies in grain marketing and in

agricultural investment on the growth patterns of total factor productivity.

Based on this examination, some implications for changes in farmers'

production behaviour and their effects on total factor productivity will be

considered and issues that need further study in the succeeding chapter will

be highlighted.
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The second issue to be tackled in this chapter is the sources of yield

growth. Instead of looking at the sources of total output, the approach focuses

on investigating the contributions of inputs and total factor productivity to

the changes in grain yields. During the period studied, decreases in grain

sown areas represented the general trend at the national level and in most

individual provinces. This trend, however, is partly associated with China's

lack of arable land. As stressed in Chapter 5, the spectacular increase in grain

output during the period studied can mainly be attributed to the great

enhancement of yields. Looking at the sources of yield growth is, therefore, of

practical importance for understanding the path of development of Chinese

grain production.

This chapter is organised as follows: Section 2 computes the TFPI for

wheat, rice and corn at the national level, as well as for individual provinces.

Section 3 analyses the growth patterns of total factor productivity, their

relationship to the changes in grain output and the effect of government

policies on the performance of grain production. Section 4 investigates the

sources of yield growth between 1981 and 7990, and during the two sub-

periods, 1987-1984 and 1985-7990.t This is followed by a brief conclusion in

Section 5.

7.2. TFPI and Patterns of Growth

7.2.L Computing TFPI

As reviewed in Chapter 2, there are two most commonly used methods

to measure TFPI. This study follows the Solow's geometric index. Based on

the Cobb-Douglas production function and considering the effect of weather

1 The sorr.ces before l9B1 cannot be analysed because of the absence of data.

159



fluctuations, the formula for computing TFPI can be derived from the

following formulas:

LnU¡ù = Ln (A¡ù + 2 øi Ln(X|) + eLn(DÐ (7.1)

Ln(TFP)= LnØ¡t) = Ln(Y Ð - h¡Ln(Xil - eLn(D ¡) (7.2)

where A¡¡is the total factor productivity of the ith province at time t. Y¡¡ is the

output of the ith province at time t. a¡ is the output elasticity with respect to

the ; th input. X4r stands for the jth input in the ith province at time t. D ¡t is the

percentage of the areas affected by natural conditions in the ith province at

time t. e is the parameter of weather conditions

Taking a specific year as the base to compute the TFPI during a certain

period in comparison with the base year, form (7.2) then becomes:

(7.3)

Subscript t and 0 stand for year t and the base year, respectively. The

TFPI of wheat, rice and corn is to be computed separately using form (7.3). In

the following computation of the TFPI, the year 1985 is taken as the base year.

This is because one of the concerns of this study is to investigate the

differences between the period prior to 1985 and the period after 1.985 in

terms of changes in total factor productivity. By taking 1985 as the base year,

the changes during these two sub-periods can be observed more clearly.

Y,, I exp{\a,Ln(X,,,) + eLn(D,,)J
TFPI : Ai' I A;0: t;r "Ãrf a',rnçx'',¡',")* tLn(D,ò\
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7.2.2 Growth Patterns and the Spatial Distribution of Total Factor

Productivity

1) Wheat

Table 7.1 shows that between 1981 and 7990, the TFPI of wheat

increased significantly, both nationally and in many provinces. This indicates

that the reforms have had positive effects on the improvement of total factor

productivity. This point has been recognised and widely accepted by scholars

both within China and abroad.

It is also noticed that the increase in total factor productivity mainly

occurred between 1981 and 7984.In the second half of the 1980s, total factor

productivity did not increase significantly at the national level. In individual

provinces, it either increased modestly, or stagnated, or even decreased. From

this point of view, the effects of the reforms were dramatic only during the

early period. In the later years, the effects were much less impressive. This

pattern of the changes in total factor productivity is similar to the changes in

wheat output and yields during the same period, which are shown in Table

4.2 and Table 5.1, respectively. The similar patterns indicate that during the

period studied, changes in total factor productivity were largely responsible

for the growth patterns of output and yield.

Looking at the spatial distribution of changes in total factor

productivity, it can be seen that over the entire period studied, the growth

was more significant in the north and northwest provinces. In the southeast

and central provinces, the increase was relatively minor. FIowever, a closer

look finds that this spatial pattern only became prominent after 1985.

Although there were some variations in terrns of changes in total factor
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Table 7.1. Total Factor Productivity Index of Wheat, 1981-1990*

1981 1982 1983 1984 1985 1986 1987 19BB 1989 1990
National" 97 103 100 101 93 100 102 19 20

õì\o
Changes

1981-90 1981-84

r-i

Year

Beijing

Tianjin
Hebei

Shanxi
Neimenggu

Heilongjiang

Shanghai
Jiangsu
Anhui
Shandong

Henan

Hubei

Sichuan
Guizhou
Yunnan

Shaanxi
Gansu

Qinghai
Ningxia

1985-90

1

1

1

83

00
72

83
75

86

90

BO

B6

90
B4

B6

90

70

90
82

84
79
73

87

82

1

96

112
86

103

93

95

103 100 102118

82

93

06

99

97
99

1

93

86
78

80

86
02

B6

01

01

96
77

99

98
06

05
95
9B

87

07

2

106

96
101

99

107

104

93
100

106

90

100

100

100

100

100

100

100

100

107

90

107

106

93

97
108

90

103

101

95
110

118

113

91

105

B3

92

BB

103

107

136

117

116

102
108

102
104

9B

109

98

129

109

114
106

106

9B

108

101

95

118

103

109

103

29

37

31

31

20

12

13

5

I

5

21

18

31

4

27

14

20

16

94 100 108 120 30 13

29

9

14

6

6

20

-B

-1

-5

-7

-1

-9

-2

8

1

-5

18

3

I
3

107

100

110

100

100

100

100

100

108

112
102
105

B6

103

105

98

100

105

91

90

B9

95
B9

96

92

99

95
93

85
114

112
105

100

100

110

115

114
109

106

100

108

96

99

91

13 25

151

95
B6

81

103

101

101

101

105

102

BB

9B

87

28

1B

20

31

14

21

100 105 98
95 97 , 102
90 90 i 100

99 106 105

79 98 103

100

100

100

100

100

1 93

B3

94
B4

9B

11

39
31

22

21

't4

23

27

1B

211
IT used in compu agfegate input are from Table
** The changes in total factor productivity at the national level are computed on the basis of national average figures in the SPB household
survey used in this study. This is also applied in computing the national TFPI of rice and corn in Table 7.2 and Table 7.3.



productivity between 1981. and 1984, no apparent patterns in spatial

distribution can be identified. During the second sub-period, despite the

overall modest changes, the spatial patterns were rather distinct. The

provinces in the southeast and central regions, such as jiangsu, Anhui,

Shandong, Flenan, Hubei and Sichuan experienced a general decrease. In

accordance with this decrease, wheat yields increased much more slowly (or

even decreased in some of these provinces), compared with the previous

period and with many other provinces during the second sub-period (see

Table 5.6).

The situation in most provinces in the north and northwest areas was

somewhat different from the southeast and central provinces during the

second sub-period. In Beijing, Tianjin, Hebei, Shanxi, Neimenggu,

Heilongjiang, Guizhou, Gansu and Ningxia, total factor productivity

experienced an increase, though the increase was modest compared with the

previous period. It is also noted that, except for Hebei and Heilongjiang, the

role of these provinces in national wheat production is less important due to

their small shares of wheat sown areas in the national total.

It is noteworthy that the southeast and central areas have relatively

good conditions for the production of many different kinds of crops,

inciuding wheat, rice and cash crops, such as cotton and oil-bearing seeds.

This means that there are less natural constraints on farmers' production

choices. Meanwhile, the southeast and the central areas are also the areas

where the rural enterprises developed rapidly during the reform period. This

provided more opportunities outside of agricultural production. In contrast,

agricultural production in the provinces in the north and northwest is often

restricted by natural environments, and fewer choices of crops are available in

these provinces. Compared with the southeast and central areas, during the
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reform period, the development of rural enterprises in some of the north and

northwest provinces was relatively slow. Bearing this in mind, one would

expect that these spatial patterns of total factor productivity changes have

some relationship to the level of rural economic development and the choices

among different crops.

2) Rice

Table 7.2 shows that the national level of total factor productivity of

rice increased between 1981 and 1990. Flowever, this increase only occurred

between 1981 and 1984. Between 1985 and 7990, total factor productivity did

not increase, but decreased slightly. This result suggests that during the

second sub-period, rice production performed relatively poorly. The decrease

in total factor productivity at the national level was certainly one of the

reasons for the slower increase in rice output and yields during this period.

In individual provinces, the situation is similar to that exhibited at the

national level. During the whole period between 1981 and 7990, there was a

general improvement in total factor productivity in all the producing

provinces. Again, this mainly occurred before 1985. After then, all provinces

had either a little increase or a decrease.

It is noted that during the second sub-period, in many northern rice

(Japonica rice) producing provinces, including Beijing, Tianjin, Liaoning, Jilin,

Heilongjiang and Ningxia, total factor productivity decreased or remained

stable. This is distinct from the relatively large increase in the yield of rice in

these provinces as shown in Table 5.6. The decrease or the stagnation of total

factor productivity in northern rice producing provinces indicates that the
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Table 7.2Total Factor Productivity Index of Rice, 7987-7990*

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990
National 96 96 93 97 't2

Changes
1981-90 1981-84 1

7

15

17

16

27

31

13

20

19

9

13

49
14

20

31

14

19

10

17

33

22

18

tô
\o

Year

Beijing
Tianjin

Liaoning
Jilin
Heilongjiang

Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi

Henan
Hubei
Hunan
Guangdong
Guangxi

Sichuan
Guizhou
Yunnan

101 100 101

0

-3
985-9

B5

83

6B

84
B6

73

73

B9

B9

B8

B4

82

97
80

72

81

83

75
75

97

7B

93

96
95

86
89
61

82
8B

92
09
94
96

83
7B

82
B9

89

110

82

108

106

93

B6

79

100

100

112
105

101

91

90

98
98

07
06
oo

90
83

92

89

16

3

1'l

32
21

21

-10

-17

87
74

96

116

107

94

122
103

109

120
9B

101

96

B9

100

102
97

102
105

116

1

1

1

1

1

117

114
109

111

00

00

00

00

00

00

00

00

00

00
00

00

00

00

00

00

00

107

107

99

93
104

105

99

107

100

BB

104

91

101

107

112
B9

103

107

104
9B

96
100

97
B4

102
100

99

104

106

101
'102

90

92

100

102
100

105

103

109

107

93

95

107

97
105

103

101

106

101

102

101

102
100

1

2

0

5

3
o

7
-7

-5

7
-3

5

3

1

7

6

I

0

1

1

1

1

1

1

1

14

84

99
93

92

94
03

06

6B89

116

102
B9

107

100

102

107

106

106

102
87
91

1

1

1

1

1

1

1

9B

96
071 1

1

1

1

1

1

-1

9
28

22

14

99
89

110

96
107

97
87
01

95
B6

9B

98
07

107

106

108

32

31

11

27

30

19

N 99 100 103 100 100 103 100ta
used in aggregate lnPu t are 6.4

22 21



increased output of northern rice can mainly be attributed to the increase in

inputs.

It is also noted that during the second sub-period, the total factor

productivity of rice in many of the southeast and central provinces even

increased stightly, though there were variations. This is different from the

situation of wheat production in these provinces. This may imply that farmers

make different efforts in producing different grain crops when choices are

available. It seems that in the southeast and central provinces, where both

wheat and rice are important, wheat production is experiencing a decrease

and rice production is, to some extent, being strengthened'

3) Corn

Between 1981 and 7990, the national level of total factor productivity of

corn increased significantly. Although this increase mainly occurred in the

early years of the reforms, some progress was also recorded in the second

sub-period, implying a relatively better performance of corn production. In

addition, compared with wheat and rice, changes in total factor productivity

of corn were relatively smooth both before and after 1985. This feature is in

contrast to the large fluctuations in the corn yield during the period studied.

Looking at the changes in individual provinces, it can be seen that

although the first sub-period experienced a greater increase, the increase

during the second sub-period in many large corn producing provinces, such

as Shanxi, Liaoning, Jilin, Heilongjiang and Henan, was also significant.2 The

significant increase in total factor productivity, no doubt, contributed to the

2 These five provinces accounte d for 47.5 percent of the total corn output in 1990 (SSB, 1991,

p.350).

t66



Table 7.3 Total Factor Productivity úndex of Corn, 7987-7990*

1981 1982 1983 1984 1985 1986 1987 1988 1989 1990

N 94 97 101 103

Changes
1981/90 1981/84

1

15

21

1B

6

1985/90
16 3

11

-B

50

37
2

t--\o
r-i

114
BB

94
95

91

99
B6

96

B6

85

88
76

B5

73

79
72
87

75

82
B3

67

7B

97
86
92

u
72

90

84

77

70

72

83

77

82
61

95

B6

68
71

74

91

77

96
97

61

64

90

100 100 100 102 19

19

23

3B

28

30

26

52

44

6
26

33

37

92
94
031

Beijing
Tianjin
Hebei

Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Jiangsu
Anhui
Shandong

Henan
Hubei

Sichuan
Guizhou
Yunnan

Shaanxi
Gansu
Xin an

100

100

100

114
119

127

11

47
12

I
13

39

83

85
89

114
101

104
97

1't2

94

95
102
97

104

7B

85

94

01

84

100

100

100

100

100

106

107

114
104

110

-4

-7

11

11

7

112
109

97

98
102
92

87
B5

105

107

103

99
116

128

105

83
101

111

82

96
104
107

92

98
1't2
110

115

103

102
130

101

105

97

125
B9

90

102
104

96
93

111

111

107

108

113

139

111

92

94
104
102

98

108

125

95
94
9B

B9

BO

93

100

100
100

111

101

100

100

116

105

93

108

106

103

103

106

100

100

100

104
100

91

112
97

89

104

112

03

93

95 1

94
B9

04

B8

93

98

B5
oo

92

9
26

27

37
9

26

6

9

.B

-6

3

111 100

100 100

92 100

97
103

110

1

7

B

5

37

44

35

-6

4

2

-2

8

25
+Weights used the aggregate input are from Table 6.4.



relatively large growth in corn output. In many other provinces, however, the

decrease in total factor productivity was the general trend during the second

sub-period. The spatial pattern of total factor productivity changes suggests

that corn production tended to become more efficient in large producing

provinces, whereas in many minor producing provinces, production

performed rather poorly.

7.3 Analysis of The Growth Patterns of the TFPI for Wheat, Rice

and Corn

As shown above, total factor productivity increased nationwide during

the period studied, though the pace was uneven, Generally speaking, for all'

the three grain crops, the dramatic increase in total factor productivity

occurred in the first sub-period of the reforms. After 1985, total factor

productivity did not record significant changes. This pattern is basically

consistent with the growth pattern of grain output.

As mentioned in Chapter 5, it has been well documented and widely

accepted that the growth patterns of total factor productivity during the

period studied were closely related to the process of the institutional reforms,

i.e., the implementation of the HRS. The rapid growth of total factor

productivity was stimulated by the HRS through the shift of production

towards its frontier. By 7984, the implementation of the HRS was completed

and, accordingly, the one-off gains from this decollectivisation were depleted.

This was one of the important reasons for the slow down in growth after 1985.

Since much previous work has dealt with this issue, this study will not

discuss it further. Rather, it concentrates on analysing the effect of market

reforms after 1985 and changes in state agricultural investment during the

reform period on total factor productivity.
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One noticeable feature can be observed in Table 7.7, Table 7.2 and

Table 7.3.It'¡ tl're first two years of the second sub-period, 1985 and 1986, total

factor productivity was basically unchanged for all the three grain crops

compared with the level of 7g}4.This is somewhat different from the situation

exhibited in grain output during the same period. As shown in Table 4.2, in

1985 and 7986, there was a large drop in grain output at the national level

compared to the level of 1984 (except for wheat in 1986). However, the

decrease in total factor productivity did not occur until 1987. In considering

all the three grain crops, total factor productivity dropped to the lowest level

in 1988 during the second sub-period. The inconsistent patterns in total factor

productivity and output changes after 1985 reflect partly the inconsistency of

the marketing polices during this period'

After the record harvest in 1984, the government introduced the grain

contract system to replace the compulsory quota purchase system. At the

same time, the governrnent relaxed marketing and pricing controls over most

non-grain products. The new polices were unfavourable to grain production

as they lowered the relative price of grain. lt is widely considered that the

implementation of new policies was partly responsible for the stagnation of

grain output after 1985 (Colin Carter and Zhong Funing, 1988; Zheng Zhong,

7988; Yang Hong, 7997; Zhott Zhangyue , 1992). However, the effect of these

new policies on total factor productivity was more complicated.

Under the contract purchase System, farmers were supposed to have

more freedorn to manage their own production. Theoretically, farmers were

free to sign or not to sign contracts with the state for grain delivery. Farmers

were also free to determine whether to increase or decrease inputs and

outputs. It is to be expected that when grain prices are unfavourable, farmers
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will reduce inputs and transfer the resources to other sectors which are more

profitable. This situation happened in 1985 and 1986, The SPB survey data

show that in 7985, all inputs in grain production decreased to some extent.

This inevitabty led to a decrease in grain output. FIowever, this did not result

in a simultaneous decrease in total factor productivity.

In practice, the new policies implemented in 1985 did not last for long.

After only one year, the grain contract became compulsory in 1986. The

contract was therefore not much different from the grain quota practiced

before 7984. The retreat of the government from the contract delivery to

compulsory sales was, however, understandable and perhaps inevitable. The

government's aims in introducing contract purchase were twofold: firstly, to

reduce grain subsidies caused by increasing grain purchase prices while

retaining the lower grain retail price. Contract purchase abolished the

premium price to the above-quota delivery which was available before 1984.

This reduced the average price paid to farmers. Secondly, it aimed to reduce

the amount of grain purchase in order to alleviate the problems of grain

storage and to avoid the obligation to purchase grain when the grain supply

was in surplus.3 As a consequence of the two initiatives, it was hardly

surprising that when grain supply was in shortage, the government would

strengthen its administrative control over grain purchase. This was the

situation after 7986 when grain output decreased sharply and it became

difficult for the state grain bureaus to purchase grain. The government then

announced that the grain contract was still an obligation for farmers and

needed to be fulfilled. Farmers were persuaded and sometimes forced to

increase output and to sell grain to the state. Low relative prices meant that

3 Althougtr the government promised a minimum guaranteed priçe for purchasing the grain
that farmers were willing to sell, this price was never implemented because in 1985, the
drastic drop of grain output pushed the free market price up significantly and farmers were
not willing to sell grain to the state.
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farmers had no enthusiasm in producing grain, but administrative control

limited their freedom in determining their production. Total factor

productivity of grain production would thus be lowered by the lack of

incentives and by the mandatory requirements. This argument is supported

by Lin Yifu's study (7997), which emphasised the importance of free

production decisions and choices for increasing the efficiency of agricultural

production.

It has been shown that there were variations among the three grain

crops in the growth patterns of total factor productivity. This is likely to be

related to different levels of supervision of production for different types of

grain. Comparing the three grain crops, during the second sub-period the

lowest level for corn production, which occurred in 1988, was less than 3

percent below to the level of 1985. For wheat and rice, the ranges were

relatively wide. The lowest level for wheat in 1988 was about 7 percent lower

than the level of 1,985, and for rice, it was 10 percent lower. This feature is

different frorn the situation in the yield of these grain crops. As shown in

Figure 5.1, the fluctuation in corn yield was larger than rice and wheat. The

contrast between the yield and total factor productivity may imply that

farmers had greater freedorn to choose between producing and not producing

corn than in producing wheat and rice. This freedom enabled farmers to

respond to external factors, including government policies and the marketing

situation, more rationally in terms of profit making.

Because of the lack of statistical data, it is difficult to prove the above

point from official data. However, empirical evidence shows that the rationed

grain supplied to urban resiclents is dominated by wheat in the north and by

rice in the south. The proportion of corn in the rationed grain supply is small.

According to an urban resident household survey, coarse grain consumption
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(including corn and other miscellaneous grain crops) accounts only for 7-9

percent of the total direct food grain consumption. The direct consumption of

corn is smaller than this proportion (SSB, Survey Team of Urban Socio-

economy, 7987,7991).4 Assuming that the state control over grain production

is mainly aimed to ensure the rationed grain supply to the urban residents, it

is reasonable to believe that the state grain purchase is dominated by wheat

and rice ancl that the control over corn procluction is thus relatively relaxed

compared to the control over wheat and rice. Bearing in mind that the output

of corn is almost the same as wheat, the small state purchase of corn means a

large amount of corn is handled by farmers themselves. It also means that

corn production is more market orientated compared with the other two grain

crops.5 The output fluctuation of corn may therefore be largely due to

constant changes in the market situation. This, however, does not necessarily

lower the total factor productivity. The situation exhibited in corn production

may suggest that a lower level of control over grain production may be

conducive to the improvernent of total factor productivity.

The more efficient performance of corn production may, however, also

be partly attributable to its low initial leveì. In China, unlike the case for rice,

corn yield was relatively low compared to the international standard in the

early 1980s. This low starting level meant a high potential for improving

yielcls through applying modern technology and improving technical

efficiency,

4 For rural residents, in 1990, the annual direct graiu consumption was262 kg/per capita' Of
this, coarse grain consumption (including corn, millet, sorghum and beans) only accounted

,for less than 18 percent (SSB, ZTN, 1991, p.303).
5 Although a large proportion of corn is used as feed grain, it will not affect the above

assumption as most meat is produced by farmers in rural areas. Central control over meat
production and marketing is relatively weak.
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Table 7.4 State Budgetary Expenditures on Agriculture,7978-7989*

(100 million yuan, current price)

Period agricultural state agricultural investment
investment budgetary capital in capital

construction construction

4th FYP**
(1971-1975)

5th FYP
(1976-1980)

80.24 10.18 34.95 11.09

738.77 47.67 71.97

1981
1982
1983
7984
1985
1986
7987
i988
7989

170.21
720.48
732.83
141.30
153.62
784.20
795.46

24.75
28.81
34,25
33.63
37.73
43.87
46.87

39.64
43.39

7.37
9.32
8.95
6.88
6.46
6.53
7.45
6.26
7.10

73.24

9.90
10.40
10.30
9.70
8.30
7.90
6.50

* This table uses the broad cortcept of agriculture
*+ FYP means "Five-Year Plan".

Source: SSB, 1990, p.239, 7997, p.278

The recluction in state agricultural investment during the reform period

was also responsible for the uneven growth patterns of total factor

productivity. As shown in Table 7.4, tb,e share of agricultural investment in

total state budgetary expenditure declined during the reform period

compared with the preceding period. The share of investment in agricultural

capital construction as a proportion of state total investment in capital

construction also decreasecl. Since the reform, the state has tended to retreat

from the role of the key investor in agriculture. This, to some extent, would

have been an inevitable result of the increase in grain prices and the

relaxation of central control over grain production, two key measures of the

reform polices (Watson, 7989; Yang Hong, 7997; Tsang Shu-ki and Cheng

Yuk-shing,7994). The implementation of these two policies meant that the
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state was no longer able to extract as much funds from the agricultural sector

as before the reforms. As a response, the state reduced its investment in this

sector.

The reduction in state investment in agriculture will not necessarily

lead to a "crisis of accumulation", if other sources of investment take up the

role of the state. However, much empirical evidence shows that the

investment of both local governments and farmers has tended to flow out of

agricultural production, due to the high opportunity costs of capital (details

of farmers' grain production behaviour will be analysed in Chapter 8). For

individual households, much investment in fixed assets has been in

residential housing (Yang Hong, 1,997; Tsang Shu-ki and Cheng Yuk-shing,

1994).

The lack of investrnent has constrained agricultural research, the

development of new technology and the construction of agricultural

infrastructure. This has no doubt contributed to the stagnation of grain output

in the late 1980s. With production moving close to its technical potential,

further increases in total factor productivity need to rely on the improvement

of technology. The reduction in agricultural investment has constrained this

improvement.

It is worth pointing out that after the drastic decline in grain output in

1985 and 7986, the government re-emphasised the importance of improving

technology. In the late 1980s, "relying on technology to re-boost agricultural

production (keji xingnong)" was encouraged. From 7987, the Ministry of

Agriculture and the Ministry of Finance launched a "bumper harvest project

(fengshou jihua)". The purpose of this project is to promote the development

and adoption of new technologies to increase output and production
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efficiency (Ministry of Agriculture, 7990, p.331). This effort has been

conducive to the recovery in grain output and total factor productivity after

7g8g.It is reported that this project has been particularly successful in the

Huang-Huai-Hai Plain where the corn production is concentrated (ECCAY,

ZNN, 1990 and 7991).

7.4 Accounting for Sources of Yield Growth

As discussed in Chapter 5, one of the remarkable features in the

development of grain production during the reform period has been the great

enhancement in grain yields. It is of significance to investigate the sources of

yield growth and to see how the growth patterns were related to the changes

in total factor productivity and inputs.

7.4.LTlne Method of Accounting for Yield Growth

The formula for accounting for yield growth can be derived from the

Cobb-Douglas production function. It is specified as the following form in the

context of this study:

Ln(Y ,,) = Ln(A,,) + aLn(S,,) + bLn(L,,) + cLn(F,,) + dLn(K,,) * 8,, (7.4)

where Y is output, S, L, F and K stand for inputs of land, labour, chemical

fertiliser and other capital inputs, respectively. E is the residual, indicating the

effect of weather conditions, estimation and data recording errors, and other

random factors.6.4 is the total factor productivity, and ø,b, c and d, are t}l.e

6 For the sake of simplicity, and considering the random nature of weather conditions, the

variable for weather conditions was aggregated into the category of random effects. This
aggregation does not affect the observation of the contribution of inputs and total factor

productivily.
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output elasticity of the respective inputs. Subscripts i and f stand for the ith

province at time t.

In Chapter 6, the elasticity of labour input is statistically insignificant. It

is therefore excluded in the following analysis. Again, âny effect of labour

input on yield changes may be reflected by the factors considered in the

following analysis. As the statistical tests support constant returns to scale for

wheat, rice and corn, form (7.4) then can be converted to:

Ln(!¡,) = Ln(A;,) * cLn(f ,,) + dLn(k,,) + 8,, (7.s)7

where y, t', k and E denote, respectively, yield, per unit input of chemical

fertiliser, other capital and the effects of random factors. Taking the first

derivative of the form (7.5) with time t, it becomes:

ãLn(y¡,) _ ãLn(A,,) (7.6)
ãr ãt

(1) (3) (4)

The theoretical concept of the form (7.6) is that changes in yields can

occur as a result of changes in total factor productivity and changes in inputs.

The teft-hand side represents the growth rate of grain yields. The first term on

the right-hand side indicates the contribution of total factor productivity to

the yield growth. The second and the third terms are the contributions of

chemical fertiliser and other capital inputs, respectively. The fourth term

captures all the random effects on the changes in grain yields.

7 Thc procedure for this conversion has been illustrated in Chapter 6.
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7.4.2 Accounting for the Yield Growth of Wheat, Rice and Corn

In accounting for yield growth, the period from 1981 to 1990 and the

two sub-periods: 7987-84 and 1985-90, are considered. The details of the

accounting for wheat, rice and corn are shown in Table 7.5, Table 7.6 and

Table 7.7, respectively.

The tables show that during the entire period studied, grain yields

increased in all provinces, though the extent of the increases varied. The

contribution of total factor productivity was an important source of the yield

growth. With respect to the overall national production, its contribution was

almost equal to the combined contribution of chemical fertiliser and other

capital inputs. This feature can be seen in many provinces.

As total factor productivity increased rapidly in the early 1980s and

slowed down in the second half of the decade, it is not surprising that the

contribution of total factor productivity to yield growth also changed in this

fashion. Table 7.5 shows that between 1981 and 1984, the contribution of total

factor productivity was 16 percent out of the total223 percent of the wheat

yield growth. Flowever, between 1985 and 1990, it only accounted for 1.5

percent out of the total 13.8 percent of the yield growth. A similar situation

existed in rice and corn production.

The contribution of material inputs: chemical fertiliser and other capital

inputs, changed in different fashions from total factor productivity.

Comparison between the two sub-periods shows that during the early sub-

period, the contributions of chemical fertiliser and other capital inputs were

small and they became large in the second sub-period. The survey shows that

of the other capital inputs, the purchased agricultural producer goods
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Table 7.5 Sources of Growth of Wheat Yields, 7987-7990

Changes %
1 981 -1 990

CF K TFP

Changes %
1 985-1 990

CF K TFP

oo
t--
Fl

National

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Shanghai
Jiangsu
Anhui
Shandong

Henan
Hubei

Sichuan
Guizhou
Yunnan

Shaanxi
Gansu
Qinghai
Ningxia

7.0

10.9

6.8
6.1

5.8

2.5
7.2
4.7

31.6 7.6 7.4 14.5 2.1

Yield

32.8
59.4
38.9
47.6
31.2

11.8
17.0

25.0
20.0

22.0
10.9

29.9
15.3

25.2

5.5
12.1

11.1

9.7
10.5

2.9
6.5
B.B

8.9

B.B

9.8

9.2
9.6
9.9

11.2

8.5

-3.2

4.5
6.6

7.9

17.7
36.4
21.2
29.0
12.8

8.6
7.8
5.3
8.7

R

0.3

1

-1

4.3
-4.6

-0.6
-1.8

-2.9
-6.7

4.3

Yield

34.2
32.9
20.0

17.5

25.3

8.6
8.9
5.3
4.4
9.3

0.5
4.4
2.5
6.0

3.6
2.2
5.3

0.9
5.6
4.4
2.2
6.5

7.9
10.3

3.3
5.3

6.7

5.3

1.6
-1.2

9.5

22.3
8.1

11.9

5.4
5.4

-10.5
-0.9
-5.0
-9.0

-2.6

7.7
1.5

-5.5

15.1

3.2
8.0
2.5

R

-4.7

5.6
-0.5

2.4
3.9

-2.3

-4.9

9.2
-3.8

-0.7

1.4

b.J

5.4

1.0

0.7

1.6

5.2

13.8 5.9 6.2 1.5 0.3

-3.3

-0

Heilongjiang 33.7 11.0 11.1 9.0 2. 37.6 5.4 5.6 17.0 9.7

-0 -7.0

0.2
5.5
2.6

6.8
-8.0

23.5
8.8

10.4

24.7

12.5
-5.2

3.2
13.4
18.1

7.1

24.5
10.9

22.2
24.7

3.0
2.1

4.9

6.5
5.0

6.0

2.7

-1.1

-1.8
1.2

-11.2

25.3 11.7 8.1 5.3 0.2
26rB -1.7

1.4

6.2
2.8
2.6

10.4

10.5

39.8 7.6 7.0

30.6 2.0 2.5
28.7 3.7 4.8 17.1 3.1

51.2 15.3 17.3 16.3 2.3
inputs; R:

22.3 1.2 1.4 16.0 3.8

9.8 5.6 6.1 -6.8 4.9

28.5

23.9

22.0

2.0

35.1

29.8

9.0

16.5

22.4

16.8

17.9

16.9

21.3

14.3

6.4

32.9

28.3

42.5

7.7

3.7
6.1

3.7
0.7
0.0

-2.4

1.9

4.8
2.9

10.4
1.4

-4.0
-6.0

10.2

3.5
6.3

8.8
7.8
7.5

1.0

6.9

-6.9

3.4
4.3
0.9

8.9
3.2

-0.8
-4.0

8.6

0.3

6.3
-1.2

3.5
-1.7

8.5
7.8
6.0

26.1

5.6

11.2

17.3
-'1 .1

8.3
15.5

21.9

0.9
16.4

21.3

8.5
13.4

11.4

-1.6

16.1

10.6

29.2
-2.2

0.9

6.0

3.1
-1.2

-0.8

3.8
4.8

7.0
-0.1

-0.2

-3.7

6.5

0.5

4.9

1.0

12.2

0.3
-2.4
-3.7

Changes %
1 981 -1 984

CF K TFPYield R

Source: Data for yield and inputs are from the SSB household survey



Table 7.6 Sources of Yield Growth of Rice, 7987-7990

o/to

o\
F-
r-l

National

Beiing
Tianjin

Liaoning
Jilin
Helongjiang

Shanghai
Jiangsu
Zhejiang
Anhui
Fujian
Jiangxi

Henan
Hubei
Hunan
Guangdong
Guangxi

Sichuan
Guizhou
Yunnan

Changes %
1 981 -1 990

CFK

2.9

5.4

1.0

3.5
5.7

o.¿

9.7
11.1

2.4
4.2
5.4
1.6

3.9
5.5

6.0
6.4
5.9
1.9
7.5

10.0

6.8
6.8
1.3

2.6
5.8

5.8
9.3
1.8

5.1

11.6

1.5

1.2
-1.0

0.6

1.6
-0.4

1 985-1 990
CFK

7.2
10.9

6.1

6.9
1.2

4.8
4.0
1.2
4.5
2.4
4.5

7.3

5.2
2.0
5.0
7.1

6.7

TFP R

3.3
-3.0

4.0

7.8
5.6

4.5

9.5
8.2
6.8

-7.7
-5.6

2.3

9.3
-3.6
-3.0

1.2
-0.4

6.5
-3.0

5.1

3.1

0.9

6.3

6.1

7.6

-2.0

-1.6

0.9

25j 4.8 8.0 1

Yield

17.6
35.7

19.8

26.0
42.3

40.2

31.0
20.1

20.2
20.2
27.5

12.0

31.3
27.5
24.2
28.9

32.7
35.6
21.5

3.3
3.8
5.7

3.6
5.7
9.8

3.5
25.1

13.7

12.3

22.4

37.4
23.4
15.2

14.6

6.9
14.8

6.6
21.1

28.5
18.3

14.2

31.7
33.I

7.2

R

-0.6

1.7

-1 .1

0.4
3.1

-5.6
-3.0
-þ.ó

2.1

1.9
-2.8

-7.3
-5.8
-4.0
-1

2

-5.9
-7.0
-1.2

Yield

12.1

17.4
5.4

18.9

27.9
7.8

13.3

3.1

5.2

12.1

15.1

17.4

3.4
5.2
3.1

3.8
3.8

-0.9

3.8
6.9

4.3

5.4
5.9

7.9 3.1 6.1 -3.7 2.3

-3.3
.5

.4

I
B

4.1

2.1

4.2
4.8

-10.6
-10.6

12.5
-0.3

2.5
11.0

10.7

7.0

1.6

0.3

0.7
3.9

-4.8
-2.8
-1.9

3.4
-1.0

N a 52.8 6.3 14.0 37.5 -5.0 11.2 0.9 5.9 0.4 4.0

Changes %
1 981 -1 984

CF K TFPYield R

20.2 1.9 2.7 15.9 -0.4

46.7 5.1 10.6 36.8 -5.7

2.0

2.2
6.6

-1.4

4.5
-2.9

-8.9

24.7
22.9

21.1

16.0

1.0

29.8

44.5

25.7

21.0

24.9

19.0

25.9

27.8

24.0

35.2

27.2
27.6

11.5

-0.1

3.5

-0.2

-8.0

1.1

1.5

5,6
-2.2
-0.3

1.5

-6.8

0.6

4.5
-2.0

1.2

1.9

0.2
-1.3
-0.1

5.1

6.7
-0.1

2.8

4.4

0.2
0.8
3.3

-1.8

0.3

4.2

3.8
6.3

9.9

3.4
7.6

-14.0

14.2

24.9
17.7

11.1

25.3

17.1

17.7

46.4

23.6
15.4
23.4
11.9

20.3

-1.2

21.5

28.6

32.3

13.4

-1.4

-1.8

0.3

0.9
-1 .1

-3.3
-1.7

1.0

4.7
0.7

-2.2

5.2
5.5

-0.6

-1.2

-2.8

Source: same as in Table 7.5



Table 7.7 Sources of Yield Growth of Corn, 7987-1,990

qJ
co
F-lChanges %

1 981 -1 990

CF K TFP

Changes %
1 985-1 990

CF K TFP

National

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Jiangsu
Anhui
Shandong

Henan
Hubei

Sichuan
Guizhou
Yunnan

33.3 9.5 6.4 17.8 -0.3
Yield

20.2
30.3
32.9
30.5
45.0

21.6
58.7
48.9

24.2
33.3
26.6

29.6
30.7

22.7

9.2
19.7

3.5
8.5
5.9
9.8

13.5

3.0
13.3

14.8

6.7
9.4
4.3

2.2
12.9

10.3

4.2
12.2

10.6

10.2

17.6

3.5
5.2
1.1

5.0

10.8

16.3

21.3

31.8
21.8

24.8

22.9
32.0

22.9

6.1

24.8
25.8

25.4
12.2

14.5

3.2
1.0

20,3
32.4
24.5

R

-3.1

-4.7
-5.8
-6.2

-4.2

-4.8

2.2
0.6

6.9
-7.2
-7.8

-6.4

-7.4

-7.3
-2.3
-1.4

Yield

17.0

9.3

14.3

26.4
23.9

16.5

23.7

35.0

2.5

9.4
12.4

22.3
-1.0

13.0

11.7

6.8

10.8

8.1

6.6
9.3
1.3

6.6
6.6

2.4
4.1

1.8

4.3
3.3

10.4

-4.4
-8.0

9.6
9.7
6.9

7.8
11.4

21.6

-9.1

-6.5

3.3

9.6
-8.4

-6.3

4.1

2.1

-2.4

7.4
19.7

R

1.7
-3.7

-3.4

-0.7

2.3

¿.o

2.0

4.4

16.9 7.6 5.3 2.2 1.7

0.4
11.1

10.6

4.4
6.4

r 4.3

8.4
13.0

.5.1

6.2

7.1

7.2
9.5
5.5

5.4
6.2

12.8

-1 .1

-0.1

-0.6

5.5
6.4
4.2

8.6
5.2

5.7
7.8

4.7
1.8

6.7

-1.6
-5.5

-0.5

2.7
-7.4

1.3

-3.1

4.1

Shaanxi
Gansu

40.0
49.1

55.2X

5.2

4.0

7.9

2.2
8.1

14.4

6.9
-1.6
-1.3

5.1

7.7

10.4

7.1

-0.9

9.0

8.6
13.8

47.0

19.5 1.2 2.2 16.1 0.1

8.5
4.8

-6.8

40.8
33.7
15.7

24.5

4.4

6.6

12.9

21.7

19.4

12.5

16.2

6.4
52.6
28.6

-2.7

4.0
20.0

13.6

20.5

6.1

0.1

7.9

2.8

0.1

5.1

-3.2

5.4

J.þ
-9.7

-0.4

3.8
9.2

11.4

2.5
-4.3

2.8
7.6

11.7

1.7

1.5

1.2

0.1

9.0

9.7

-3.3

1.4

8.6

1.7

5.8

-0.6
-o.ó

0.8

1.8
-3.5

1.9

1.0

7.7

-3.3

14.0

19.4

14.1

3.3

22.1

1.6

4.9

29.5
27.3

6.0

18.3

19.8

9.0
24.5
21.7

10.5

29.3
7.4

-8.0

5.2
0.1

-3.6
-2.3
-4.1

-9.0
-2.1

-2.0

1.2
-4.6

-3.9
-9.4

7.4
4.0

-5.9

Changes %
1981 -1984

CF K TFPYield R

Source: same as in Table 7.5



accounted for more than 90 percent.S This feature indicates that during the

period 7987-7990, farmers' grain production tended to become more reliant on

purchased producer goods (see Appendix 6.4 for the items included in

capital inputs). This meant that their grain production became more

commercialised and as a result, the effect of the marketing and pricing

situation became increasingly important for grain production.

The above features are also found in many individual provinces.

Between 1981 and 7984, in most of the provinces, the contribution of material

inputs was generally smaller than the contribution of total factor productivity,

indicating the important role of total factor productivity in yield growth.

F{owever, between 1985 and 7990, the contribution of total factor productivity

decreased, whereas both chemical fertiliser and other capital inputs

contributed significantly to the yield growth. In most provinces, the sum of

these two contributions was much larger than the contribution of total factor

productivity. For all the three grain crops, during the second sub-period, the

increases in material inputs were the main sources of yield growth. In some

southeast and central provinces, such as Jiangsu, Anhui, Shandong, Flenan,

Hubei and Sichuan for wheat, Fujian, Jiangxi and Hubei for rice and, ]iangsu,

Anhui, Hubei and Sichuan for corn, the contribution of material inputs was

offset partly by the decrease in total factor productivity. As a result, the

growth of yields was smaller than the combined contribution of chemical

fertiliser and other capital inputs.

It is, however, noted that in most provinces, the differences between

the two sub-periods in terms of the contribution of material inputs are not as

large as the figures at the national level. Table 7.5 shows that for wheat

8 Here, it is assumed that only manure fertiliser can be produced by farm households
themselves.
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production at the national level, between 1981 and 1984 the contributions of

chemical fertiliser and other capital inputs were only 1.2 percent and 1.4

percent, respectively, out of the total 22.3 percent of increase in the yield.

Flowever, in most provinces, the contributions of these two inputs were

generally larger than the national figures. A similar situation can be seen in

rice and corn production. This may imply that the national figures for

changes in chemical fertiliser and other capital inputs were underestimated.

This is plausible as the national figures provided in the SPB survey are the

arithmetic average of the individual provinces, which may understate the

contributions of these two inputs. Nevertheless, the provincial figures for

changes in chemical fertiliser and other capital inputs clearly show the

increased contributions to the yield growth in the second sub-period. The

underestimated figures at the national level, therefore, do not affect the

conclusion drawn from the analysis.

The values of the residual are relatively small at the nationai level as

well as in most provinces, implying that the changes in fertiliser, other capital

inputs and total factor productivity explained most of the changes in grain

yields. It is, however, noted that the residuals at the national level were

positive. This is due to the fact that weather conditions are the most

influential element in determining the values of the residuals. The positive

signs of the residuals reflect, to a certain extent, the favourable weather

conditions in the end year of the period compared with the beginning year of

the period under consideration. As shown in Figure 5.2, the areas affected by

natural disasters at the national level were smaller in 1984 than in 1981. A

similar sitr,ration can be seen in the comparison between 1990 and 1985.

Therefore, when using 1981 and 1985 as base years in the accounting, the

effects of weather conditions were expected to be positive. The values of

resicìual, however, varied significantly among provinces. This is mainly
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because of large variations in the areas affected by natural disasters among

different provinces in a given year.

7.4.3 The Comparison of the Sources of Yield Growth for Wheat, Rice and

Corn

Comparisons among the three grain crops show some disparities in

terms of the sources of yield growth. For the period as a whole, the

contribution of total factor productivity was larger for corn and wheat yield

growth and srnaller for rice. In addition, although the increase in total factor

productivity was the main contributor to rice yield growth between 1981 and

7990, this occurred prirnarily in the early years of the reforms. In the later

years, the contribution became negative at the national level, as a result of the

decrease in total factor productivity. This feature further supports the

argument made earlier that rice production performed relatively poorly

during the second sub-period. For corn production, the performance in the

second sub-period was efficient as a relatively larger proportion of the yield

growth was attributed to the improvement of total factor productivity.

The contribution of material inputs also differs among respective grain

crops. In the case of rice production, the contribution of chemical fertiliser

was generally srnaller than that for wheat and corn production. This is

associated with a relatively small marginal output of chemical fertiliser input

in rice production (see Chapter 6). For corn production, the marginal output

of chemical fertiliser is relatively high and this became one of the reasons for

the relatively large contribution of chemical fertiliser input to the yield.

The contribution of other capital input was small for all the three grain

crops during the first sub-period and increasecl significantly in the second
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sub-period. In this respect, there were no significant differences among

different grain crops during the whole period studied as well as during the

two sub-periods, though the figure for corn was slightly smaller than the

other two. This feature may imply that farmers have been aware of the

importance of other capital inputs rather than solely relying on chemical

fertiliser. This is particularly so for rice production, plausibly due to the

relatively large marginal output of other capital inputs (see Chapter 6).

7.5 Conclusion and Implications

The study shows that between 1981 and 1990, total factor productivity

increased significantly and was an important source of yield growth. This

result supports the opinion that the reforms have had positive effects on

enhancing grain production efficiency. The comparison among the three grain

crops, however, shows that the contribution of total factor productivity is

larger for corn than for rice and wheat, suggesting a better performance for

corn production during the period studied.

It is found that the changes in total factor productivity were uneven

during the period studied. The major increase occurred in the early years of

the reforms. In the later years, total factor productivity remained at the 1985

level, with fluctuations. For rice, there was a slight decrease. The trends of the

changes in total factor productivity were generally consistent with the

changes in grain output and yields during the same period, reflecting the

important role of total factor productivity in grain production.

The effects of changes in market policies and the retreat of the central

government from the role of the key investor were examined. It is argued that

the changes in the level of the central control over grain marketing were
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partly responsible for the inconsistent changes of total factor productivity and

grain output during the second sub-period. Moreover, the lack of agricultural

investment constrained the development of technology and agricultural

infrastructure, which was detrimental to the further improvement of total

factor productivity.

It is also found that during the second sub-period, the provinces where

grain production performed poorly were concentrated mainly in the

southeast and central regions. In contrast, total factor productivity was

relatively stable in some boarder provinces in the north and northwest

regions, where the rural economy was relatively under-developed. This result

irnplies that the level of rural econornic developrnent may have influenced the

changes in total factor productivity.

The contributions of chemical fertiliser and other capital inputs to yield

growth were significant for all the grain crops during the period studied.

Flowever, this was mainly the situation after 7985, indicating that farmers'

grain production has become increasingly reliant on markets and therefore

has became more commercialised.
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Chapter 8

A Further Analysis of the Changes in Total Factor
Productivity of Grain Production

8.1 Introduction

In the preceding chapter, the total factor productivity index for wheat,

rice and corn was calculated. The result shows that during the period studied,

total factor productivity increased significantly. There were, however, great

variations across provinces and among different grain crops. This chapter

focuses on examining the impact of rural reforms on total factor productivity

growth from perspectives of rural economic development and changes in

farmers' economic status. The aim is to explore in more detail the causes of

the disparities in respective grain crops in relation to the spatial distributions

and growth patterns of total factor productivity.

Since the late 7970s, the rural institutional and marketing reforms have

brought about fundamental changes in the overall rural economy. The

implementation of the HRS changed the methods of production management

and income ctistribution. The marketing reforms meant that farmers became

more aware of the opportunity costs of investment in different sectors of the

rural economy. Against this general background, rural non-agricultural

sectors, rural enterprises in particularly, experienced a dramatic growth. In

7990, the gross output value of rural enterprises was 1,5.42 times that of the

7978 figure. After 7987, the gross output value of rural enterprises exceeded
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the gross output value of agriculture (SSB, ZTN, 7997, p.378), indicating a

fundamental change in the structure of the rural economy. Moreover, the

decentralisation and marketisation in rural economic activities meant that the

price mechanism became increasingly important in influencing farmers'

production decisions. During the period studied, the increase in farmers'

incomes was also remarkable. Between 7978 and 1990, farmers' average net

income per capita increased from 733.57 yuan to 304.83 yuan at 1978 constant

prices (SSB, TTN,7997, p.295).1 This greatly strengthened farmers' resources

and their investment capacity for capital-intensive production activities, such

as rural industries. All these changes had an impact on farmers' production

behaviour ancl, consequently, influenced the total factor productivity of grain

production during the reform period.

In addition to the above changes, since the implementation of the Fil{S

in the early 1980s, the farrn size of individual households has also experienced

some changes. For most farm households, the average grain sown area has

tended to decline as a result of the increase in the number of households and

the transfer of grain sown areas to non-grain crops and to non-agricultural

activities (Huang Keyang, 7992; Tang Xiaoping and Sun Dongwang,7992; and

Chen Haiqing, 7992). Such trends are also expected to affect total factor

productivity through the impact on economies of scale in household grain

production.

This chapter uses a log-linear regression model to analyse the effects of

various socio-economic factors on the growth patterns of total factor

productivity between 1981 and 1990. Attention will be drawn to the responses

of the respective grain crops to the different variables during the two sub-

1 Net incomes rcfer to thc incomes after deducting the costs for producer goods
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periods, and the mechanisms behind the disparities in provincial total factor

productivity will be investigated.

The method used in this study to link total factor productivity and

factors influencing total factor productivity is the so-called two-step

procedure in the economics literature. The first step is to estimate total factor

productivity, which, in this study, has been undertaken in Chapter 6 and

Chapter 7. This chapter fulfils the second step, that is to regress the estimated

total factor productivity on a set of variables that influence total factor

productivity.2

An alternative to the two-step procedure is the one-step approach,

which includes factors that are associated with total factor productivity in the

estimation of production functions.3 Compared with the one-step approach,

the two-step procedure has a significant advantage: it can avoid

multicollinearity problems in estimating production functions caused by

including too many variables in the regression. In addition, this approach

allows a more flexible choice of variables in the second step of the regression.

However, the two-step procedure also has some shortcomings. As pointed

out by Kumbhakar, et al (7997), the estimates of the parameters and error

terms may be inconsistent due to the possible correlation between technical

efficiency and the inputs.a

2 The t*o-step procedure has been used by Kalirajan (1989 and 1991) and Jefferson (1990).

3 Tnir approach has been usecì by Hayami and Ruttan (1985), Kumbhakar et al (1991) and
Lin Yifu (1992).

4 The choice of the two-step procedure is, however, also partly determined by the way the
argument is structured in the preceding parts of the thesis. Furthermore, integrating these
variables into the one-step procedure in the present study will cause a serious
multicollinearity problem, which will make it impossible to carry out an economically
significant analysis.
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The chapter is organised as follows: Section 2 discusses the features of

the above mentioned variables and specifies the data to be used in the

regression model. Section 3 reports the estimated results from the model.

Section 4 analyses the results and discusses their implications for the

disparities among provinces and the respective grain crops in changes in total

factor productivity during the two sub-periods. Section 5 summarises the

main findings of the chapter.

8.2 The Attributes of Variables and Data Specifications

In theories of econornic development, human capital is considered to

be a key link in cletermining an individual firm's productive efficiency of

inputs. Human capital itself is assumed to depend on factors which determine

the individual's technical knowledge and the socio-economic environment in

which the individual is working (Kalirajan,7989). Accordingly, in anaiysing

factors influencing the total factor productivity of agricultural production,

variables relating to farmers' technical knowledge and to the socio-economic

environment are selected. In empirical studies, however, the variables chosen

are often determined by the questions the studies ask and the availability of

data. For example, in a cross county study of agricultural production, Hayami

and Rattan (1985) considered the effect of farmers' educational status on total

factor productivity. Kalirajan (1989 and 1991) chose the variables representing

farrners' educational status and socio-economic status in studying agricultural

efficiency in some developing countries. The socio-economic status in

Kalirajan's analysis referred to tenureship, access to credit and motivation in

farming (represented by off-farm income). In a study of the effects of

economic reforms on Chinese agricultural development, Lin Yifu (7992)

considered the contributions of the HRS, the ratio of the price index of

agricultural products to manufactured input prices, the multiple cropping
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index and the percentage of non-grain crops to the total factor productivity

growth. This study considers four factors: changes in grain prices and

material costs, the development of rural enterprises, the increase in farmers'

income and changes in household grain sown areas. The main reason for

including these variables is that they have been dynamic factors which

influenced the overall development of the rural economy during the reform

period. This section specifies the proxies reflecting the changes in these

factors. The sources of the data to be used in the analysis are also clarified.s

1) The ratio of grain price to material costs

Many previous studies have pointed out that changes in grain and

producer goods prices have had a significant influence on grain production

during the reform period (Sicular, 1988b; Jin Hehui,7990; Ke Bingsheng,7992;

Zlrou Zhangyue, 7993; Watson, 7994b). In general, farmers' grain output

responds positively to increasing grain prices and negatively to increasing

producer goods prices. The relative changes in these two aspects are

important in determining the profits that farmers' can gain for a given

amount of output. A number of scholars, such as McMillan, et al, (1989) and

Lin Yifu (7992), have looked directly at the impact of relative prices on the

total factor productivity of agricultural procluction for the country as a whole.

They found that increasing agricultural product prices had a positive effect on

total factor productivity and that increasing producer goods prices had a

negative effect. This study examines specifically the effect of changes in grain

price and material costs on the total factor productivity of respective grain

crops at the farm household level.

5 The study does not include the HRS as an independent variable in the model. This is
mainly because of the constraint of data. As the HRS is the foundation on vvhich the factors
considered in the model act, thc'effect of the HRS on total factor productivity is captured by
the factors analysed.
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In the regression, the ratio of average grain price to material costs per

unit of output is taken as a variable to reflect the changes in the average

returns that farmers receive per unit of output. The data used are from the

SPB household survey. In the survey, the average grain price is calculated as

the weighted average of the state purchase prices and the free market prices

that households received for selling grain.6 The average material costs are, in

turn, the weighted average price of producer goods paid by farmers at the

state and the free markets.

It should be pointed out that the relative prices of grain to non-grain

crops can also affect farmers' grain production and consequently total factor

productivity. Farmers are in favour of the crops which have higher profits.

Many studies have considered these relative prices from a qualitative

perspective or based on themselves empirical cases. Systematic studies of this

issue covering all the provinces, however, have often been constrained by the

complex range of non-grain crops planted in different provinces. For example,

in the Huang-Huai-Hai Plain, the major non-grain crops are cotton and

peanuts, whereas in the southern provinces, sugar cane and other tropical

crops are dominant. As the prices for these crops vary significantly, it is

difficult, if not impossible, to make a systematically quantitative analysis of

the relative prices of grain to non-grain crops among provinces. Mainly for

this reason, the following analysis will not directly discuss the effects of

relative prices on total factor productivity. However, these effects will be

indicated in the text when analysing the effects of other factors.

6 ln the survey, the price for the grain consumed by farmer households is measured at the
state quota price.
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2) The development of rural enterprises

The rapid development of rural non-agricultural sectors has brought

about dramatic changes in the overall structure of the rural economy, and

hence, the socio-economic environment in which farmers are working. There

is much debate about the effects of the development of rural enterprises on

the total factor productivity of grain production, with both positive and

negative consequences identified. Some analysts believe that the development

of rural enterprises is favourable to grain production, as labourers can be

absorbed by rural enterprises, thereby increasing the productivity of

agricultural labour and farm scale. This is conducive to a rise in the efficiency

of production (Zhu Xigang, 7997; Liu Yuguang and Song Peiqin, 7997).

Scholars with a negative view argue that since returns in the grain sector are

generally lower than those in rural enterprises, farmers are attracted towards

enterprises, and the productivity is adversely affected by poor management

and a lack of motivation to produce grain (State Council, Centre for Rural

Development Studies, 7990; Lei Qiquan, et al, 7990; and Wu jingying, 7993).

These two opposing opinions both claim to be supported by empirical

observations. This study will clarify the validity of these two arguments.

The variable indicating the development of rural enterprises is the ratio

of the gross output value of rural enterprises to the rural social gross output

value. The definition of rural enterprises was specified in Chapter 3. It refers

to all the enterprises run by townships, villages, cooperatives and individual

farm households in the sectors of rural industry, construction, transport and

services. The rural sociaì gross output value, according to the State Statistical

Bureau, is defined as total gross output values in all sectors in rural areas,

excluding the output from the enterprises located in rural areas but owned by

governments at county levels and above. The definition of the rural social
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gross value is relatively consistent over time, which avoids the confusion

often occurring in the official statistics due to changes in the scope and

definition of statistical data during different periods.

Over the years, the ratio of the gross output value of rural enterprises

to the social gross output value has increased substantially. This indicates a

faster development of rural enterprises than all other rural sectors as a whole.

ln fact, during the reform period, one of the remarkable successes in the rural

economy has been the rapid development of rural enterprises. The ratio, to a

large extent, reflects the relative development of rural enterprises with

reference to the overall development of the rural economy.

In the regression, the data for the provincial gross output value of rural

enterprises are from the Chinese Agricultural Yearbook (ECCAY, ZNN,7982-

1991). The data for the rural social gross output value are from tlne Chinese

Stntisticnl Yeørbook (SSB, ZTN ,7982-1997).

3) Average income per capita

Between 1981 and 7990, farmers' average net income increased

substantially. As the level of income determines farmers' capacity to

accumulate and the potential for capital investment, farmers' production

behaviour will be influenced. This will have an impact on total factor

productivity.

In the analytical model, the average net income per capita in different

provinces is included as an independent variable. The data for 1981 and 1982

are from lìne Chinese Agricultural Yeørbook (ECCAY, ZNN,7982, p.91 and 7984,

p.797). Other data are from the Chinese StatisticølYearbook (SSB, ZNTN,7985,
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1988 and 7991). The figures are deflated to 7978 constant prices (using the

price index of rural retail goods).

4) Household grain sown area-- an indicator of farm scale

The issue of farm scale is one of the major concerns in the study of

production efficiency. Given the small size of household farms in China,

increases in grain output have long depended on increasing inputs into the

fixed or even declining arable land area.7 Most scholars believe that the small

household farm land has been a barrier to irnproving total factor productivity

(Yi Zhishen, et al, 7990; Wu Zhaocai and Wang Dexiang, 7990; Zhu Xigang,

7991; Fu Weiqun, 7992; Li Qing and Ding Yuankang, 7994). This study

examines the effect of household average grain sown areas of wheat, rice and

corn on changes in total factor productivity. The data for household average

grain sowll areas in each province are from the SPB household survey.

It rnay be worthwhile to clarify the difference between the concept of

the effect of economies of scale of farm size on total factor productivity and

the concept of the returns to scale in the estimation of production functions.

As Thomas explained, the returns to scale irnplied by a production function

depend on the response of output to an equiproportionate change in all

inputs. Depending on whether the proportional changes in output is less

than, equal to, or greater than, unity, equiproportionate increases in inputs

will lead to decreasing, constant, or increasing returns to scale (Thomas, 7993,

p.297). The economies of scale of farm size in this study refers to the situation

when the available labour and capital can be used more efficiently with an

increased quantity of land. In this case, the addition of another unit of land

7 Where there is surplus labour, however, the marginal productivity of labour input is very
small. Further increasing labour input is not likely to Benerate an extra output.

194



would "make all units more productive than they were previously" (Lipsey, et

ù 1982. p.223).

8.3 The Analytical Model and the Estimation Results

8.3.1 The Model Specification

Based on the data specification in the previous section, an OLS

regression with one-way fixed effects model is established as follows:

LnîFPl )= A i+ a [n(P ¡) + a 2Ln(l¡)

+øjLn(E¡)+ø+Ln6it) (a.r¡a

TFPI is the total factor productivity index estimated in Chapter 7.9 P is

the ratio of the average grain price to the material costs per unit of output.10l

is farmers' average net income per capita measured in yuan and adjusted to

1978 constant prices. E is the ratio of the gross output value of rural

enterprises to the rural social gross output value, indicating the development

of rural enterprises and structural changes in rural economies. S is the

I The author is aware of the effect of the relative price between grain and non-grain crops on
grain production. In the model, this is not included because of the complexity of non-grain
crops in terms of kinds and prices in the SPB survey.
9 In calculating the total factor productivity index, the effect of weather fluctuations on the
figures has been excluded. It is, therefore, no longer included in this regression.
10 Some scholars, such as Jin Hehui (1990) and Tian Weiming (1990) believe that farmers
make their production decisions according to the grain price of the previous year. Flence,

they used one year lagged price figures in estimating the impact of the price on grain
production. However, due to the great varieties of grain crops, the different sowing seasons

and the multiple cropping systems, the above approach may not be appropriate. For example,
winter wheat is planted in October and harvested ir-r the following summer. In the double or
triple cropping areas, the announcement of the state price could be at any time in the
agricultural seasons. For this reason, farmers would be more likely to make their production
decision according to the average price at the time when the decision is made. It is, however,
also possible that farmers' procluction decisions may also be influenced by their expectation
of prices in the following year. Despite acknowledging this influence, the study of the effect
of anticipated prices on grain production is constrained by the lack of data.
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average sown areas of the respective grain crops of production teams (1981

and 1982) and individual households (1983 onwards) measured in mu.

Subscripts i and t denote the ith province at year t. Ai, a1., à2, ãs and a4 are

parameters to be estimated.

The previous analysis has shown that the growth pattern of grain

output and total factor productivity was uneven during the period studied.

There are two distinct sub-periods:7978-7984 and 7985-7990. During these

two sub-periods, total factor productivity of grains performed quite

differently. The following regression is, therefore, separated into two sub-

periods. The purpose of this process is to identify the major factors

responsible for the changes in total factor productivity during the two sub-

periods.

8.3.2 Report on the Results

The provinces included in the regression are the same as the provinces

in the estimation of production functions in Chapter 6. For wheat and rice,

there are 20 prorrinces, and for corn, 19 provinces. The time periods under

investigation are 1981 to 1984 and 1985 to 7990. The estimated results for

wheat, rice and corn are reported in Table 8.1. The estimation for the period as

a whole is presented in Appendix 8.4 for reference.

Table 8.1 shows that for wheat, rice and corn, the values of R2 are all

over 0.5, indicating that the independent variables in the model have

explained a large part of the variations in the changes in total factor

productivity of the respective grain crops during the period studied. The

model, therefore, has a reasonably good fit.
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Table 8.1. Estimates of The Variables Influencing Changes in Total Factor

Productivity of Wheat, Rice and Corn

(One way fixed effects estimation)

Wheat
(II)

Rice
Variables (t)* (D (D (r) (r)

Corn

Ratio

Income

Rural
enterprises

Sown
area

¡2
F
Flausman
statistic
Chow test

0.358
(4.296)

0.207
(6.245)

0.028
(0.684)

-0.014
(-0.130)

0.777
9.005
10.810

13.056

0.447
(6.766)

-0.014
(-0.7se)

-0.136
G2.723)

-0.014
(-0.248)

0.694
9.476
5.640

0.383
(3.2s6)

0.335
(7.sez)

0.005
(0.0s1)

0.03s
(2.042)

0.707
7.980
8.627

0.203
(3.013)

-0.016
(-0.3e0)

-0.727
(-2.979)

0.036
(2.227)

0.559
8.667
7.244

-0.1 1 1

(-1.539)**

0.433
(9.s47)

0.207
(6.s32)

-0.011
(-0.402)

0.750
73.727
15.109

0.033
(7.477)""

0.240
(5.s2s)

-0.047
(-0.5es)

-0.072
(-o.s3o)

0.639
21.606

7.360

10.890 14.670
* (I) and (II) represent the two sub-periods: 1981-1984 and 1 985-1990, respectively
** Significant at the 20 percent significance level

The regression considered the two sub-periods separately. The result

shows significant differences in the values of the coefficients. The Chow test

values are significant for all the three grain crops, implying the differences in

the regressions between the two sub-periods. This result suggests that

variable5 affecting changes in total factor productivity were not identical

during the two sub-periods. Therefore, the analysis of the causes of the

changes in the total factor productivity of grain production needs to take into

consideration the variations during the different sub-periods. This is

particularly important when making a judgement of the effect of a variable on

total factor procluctivity changes. Without stating the period under

investigation, the judgernent will not make much sense and the conclusion
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could be misleading. The regression result also shows that there are variations

among different grain crops, suggesting the importance of specifying the

location and types of crops when making any judgement. Referring to the

debate over the effect of the growth of the rural enterprises on the total factor

productivity of grain production mentioned earlier, it is clear that both

opinions can only be judged with reference to the period studied, areas

covered and crops considered.

In the regressions, the coefficients of some variables are statistically

insignificant. This is partly caused by the multicollinearity among the

explanatory variables. This is, however, to be expected because the changes in

income are closely related to the changes in prices and the development of

rural enterprises. The following analysis will investigate the interactions of

these factors and explore their aggregate effects on the changes in total factor

productivity.

8.4 Analyses of the Results and the Economic Implications

8.4.1 Effects of Prices, Incomes and the Development of Rural Enterprises

on Changes in Total Factor Productivity Prior to 1985

The estimation results show that during the first sub-period, between

1981 and 1984, the coefficients of the ratio of grain price to material costs were

statistically significant and positive for wheat, rice and corn. This meant that

increasing the net returns per unit of grain could stimulate farmers'

production efficiency and decreasing the net retlrrns would have an opposite

effect.
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Table 8.2 Ratio of Average Grain Price to Material Costs Per Unit of Output

for the Respective Grain Crops, 1980-7990

(Average Grain Price/Material costs)

wheat rlce corn

1 980
1 981
1 982
1 983
1 984
1 985
1 986
1 987
1 9BB
1 989
1 990

1.84
1.94
2.12
2.13
2.72
2.45
2.60
2.37
2.19
2.24
2.08

2.55
2.55
2.64
2.68
3.30
3.27
3.36
3.24
3.08
3.00
2.87

2.54
2.50
2.47
2.55
3.13
3.13
3.58
3.10
3.06
3.06
2.61

Source: Data for 1980 are from the SPB, ZWN,7989, p.73. Data for other years are from the

sPB, QNCSDZH, 1987-7991

Table 8.2 shows that during the early years of the reforms, the ratio of

grain price to material costs increased steadily and experienced a big jump in

7984. This is most likely related to the way the state purchase price was set.

Before 7984, the state paid different prices for grain purchase, including the

quota price, the above-quota price and the negotiated price (Colin Carter and

ZhongFuning, 1988, p.40). The quota price was the lowest and the negotiated

price was the highest. Meanwhile, the reforms in the marketing system

allowed farmers to sell their surplus grain on the free market after they

fulfilled the state grain quota. The free market price was usually higher than

the state purchase price. In this case, the average price farmers could receive

depended on the quantity they sold. After fulfilling the fixed grain quota, if

farmers could sell more, they would receive the above-quota price. If they still

had more to sell, they would be paid at the negotiated price or at the free

market price.11 As a result, the more the farmers could sell, the higher the

11 ln the early years of the reforms, the quantity of grain sold on the free market was
relatively small compared with the state purchase. According to the author's estimation in
another study, grain sold in the free market was less than 1/10 of the total traded grain in
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average price they could receive. This partly explained the significant increase

in the ratio of the grain price to material costs in 1984 as shown in Table 8.2. In

that year, the record harvest led to a large increase in the grain sold to the

state at the above-quota price. It seems clear that the pricing system during

the early years of the reforms provided incentives to farmers to produce more

grain and to sell more to either the state or on the free markets. This would

have encouraged farmers to improve production efficiency.

The estimation shows that during the early years of the reforms, the

coefficients of incomes are statistically significant and have positive signs for

all the three grain crops. This result indicates that increasing farmers' incomes

was conducive to improving the total factor procluctivity of grain production

during the earlier sub-period.

The positive relationship between income and total factor productivity

during the early 1980s can be partly explained by the fact that grain

production was the major source of farmers' income at the time. The

motivation to increase incomes stimulated farmers' enthusiasm to increase

grain output when grain production was profitable and the ratio of grain

price to material costs per unit output was increasing. According to the SPB

survey, in 1981 the profitslzper mu of wheat, rice and corn were 7.88 yuan,

22.58 yuan and 15.66 yuan, respectively. This is significantly higher than the

profits in 7978, which were -0.52 yuan , 8,77 yuan and 2.47 yuan, respectively

(SPB, ZWN, 7990, p.72). Given the fact that grain production accounted for a

large proportion of households' incomes, it is not surprising that the profits

1980 (Yang Hong, 1991). Because of the small proportion of the free market trade, the average
price farmers could receive was dominated by the state purchase prices.
12 The profits refer to the returrrs after deducting material and labour costs.
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after 7979 stimulated farmers to increase marginal grain output.13 This would

also encourage farmers to manage their production more efficiently.

Table 8.3 Changes and Sources of Farmers' Average Net Incomes Per Capita,

7978-7990 (Constant prices)

ta)ca

Net
income

Agricultur
incomel

Non-
agricultural
income 2

Non-
production
income3

7978
1979
1980
1981
7982
1983
7984
1985
7986
7987
1988
7989
7990

733.57
757.03
767.77
202.67
240.37
277.58
303.05
377.67
373.66
379.22
377.23
297.25
304.83

722.9 (Ss.O) 4 9,39 (7.0) 10.7 ( 8.0)

138.4 (78.2) 1s.s (8.8) 23.1(13.0)

794.4 (71.6)

213.5 (70.s)

206.8 (66.3)

206.s (6s.8)

207.6 (65.0)
207.2 (63.3)

183.7 (61.8)

792.7 (63.2)

M.8 (76.5)

ss.2 (18.2)

67.6 (27.7)

70.8 (22.6)

81.1 (2s.4)

86.4 (27.2)

83.3 (28.0)

80.e (26.5)

323 (77.9)

34.4 (71.3)

37.3 (72.0)

36.3 (1,1.6)

30.s ( e.6)
2e.6 ( 9.5)
30.3 (10.2)

31.3 (10.3)

Note: 1. Agriculturaì income here refers to the incorne from broad agriculture, including crop
farming, animal husbandry, fishery, forestry and sideline production.
2. Non-agricultural production income refers to the income from rural enterprises, including
rural industry, corìstruction, transport and servtces.
3. Non-production income includes income in cash and in kind sent back by household
members working outside of their home town, income from public funds and collective
accumulation, ancl income from the state government for poverty and disaster reliefs.
4. Figures in brackets are the shares of each source in the total income.

Source: Data for 1978-1982 are from SSB, ZTN, 1983, p.499. Data for 7983-7987 are from SSB,

ZTN,7988,p.823. Data for 1988-1990 are from SSB, ZTN,7991,p.295.

Table 8.3 shows that between 1978 and 1984, farmers' average net

incorne more than doubled. Although the share of agricultural income in the

total net income decreased constantly, it increased in absolute terms.

13 According to the SPB survey data, for rice farmers, the increased output could earn up to
120 yuan for each household. The survey data show that the average rice yield increased by
57 kg/rnu during this periocl, whereas the total production costs r.r'ere rather stable. The
increased yield, therefore, created approximate 20 yuan/mu. According to the survey, the
average household rice paddy was 6 mu, the total iucrease in the net income from increased
ricc output was, therefore, roughly 120 yuan.
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According to the official statistics, in 1980, the gross output value of grain

production accounted for about 50 percent of the total gross output value of

agricultural production (the broad concept) (SSB, ZNTN,1988,p.27 and p.39).

It is reasonable to believe that, of the increased income, the contribution of

grain production accounted for a large proportion.

The effect of increasing grain incomes on total factor productivity was

particularly strong when the opportunities outside agricultural production

were still rare in the early 1980s. For a long time before the reforms, rural non-

grain sectors (except for a few industrial raw crops, such as cotton and oil-

bearing seeds) were generally restricted under the policy of grain self-

sufficiency. When the rural reforms began in the late 1970s and the early

1980s, grain production was the predominant sector in the rural economy.

lncreasing grain output was an important means of increasing households'

incomes. Total factor productivity could improve as the result of the

motivation to increase incomes. This is the reason for the positive relationship

between increasing incomes and improving the total factor productivity of

grain production as shown in the regressions.

The effect of the development of rural enterprises was rather

complicated. The statistical test shows that for wheat and rice, the coefficient

was statistically insignificant. For corn, it is only significant at the 20 percent

level and has a negative sign. The reliability of any conclusion based on this

result may be poor. Nevertheless, if we examine changes in farmers' food

grain consumption during the first sub-period, the differing impact of the

development of rural enterprises on the total factor productivity of the

respective grain crops seems reasonable.
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Table 8.4 Changes in Farmers'Food Consumption,7978-7990

(kglper capita, year)

Item Grain* Vegetables Edible t Eggs
oil

7978
7979
1980
1981
7982
1983
1984
1985
7986
7987
1988
7989
7990
1997

742
131

727
724
132
i31
740
131

134
i30
130
133
135
727

1.96
2.38
2.49
3.i3
3.43
3.53
3.97
4.04
4.79
4.69
4.76
4.87
5.77
5.65

5,76
7.50
7.75
8.77
9.05
9.97

70.62
70.97
17.79
11.65
70.77
11.00
77.34
72.75

0.80
0.90
7.20
7.25
7.43
7.57
7.84
2.05
2.08
2.25
2.28
2.47
2.47
2.73

249(723)""
2s7(740)
2s7(763)
2s6(173)
260(193)
260(797)
267(209)
257(209)
2s9Q12)
259(217)
260(217)
262(273)
262(275)
25sQ74)

* Direct grain consumption.
** Data in brackets are the fine grain consumption

Source: Data for 7978-1984 are from SSB, ZTN, 7985,p.573. Other data are from SSB, ZTN,
1997, p.303.

The initial reforms started in the late 1970s. At that time, low incomes

and poverty were widespread in rural areas. It was not surprising that when

farrners were allowed to rnanage their own production, the immediate task

for them was to produce more food to improve their own consumption. As

shown in Table 8.4, this was characterised by changes in the structure of the

direct food grain consumption rather than the total quantity. Between 7978

and 1984, the total direct food grain consumption per capita only increased

from 2a8 kg to 267 kg. The fine grain consumption per capita increased from

723 kg to 209 kg. The coarse grain consumption decreased from 125 kg to 58

kg. As the major component of coarse grain, the direct consumption of corn

would have decreased substantially. This implies that driven by the eagerness

to improve food consumption, farmers were more interested in increasing
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fine grain output and had less enthusiasm to produce corn. The negative

coefficient of the development of rural enterprises in the estimation for corn

may imply that farmers preferred to use surplus capital, if any, to develop

rural enterprises.

8.4.2 The Roles of Prices, Incomes and Rural Enterprises in Grain

Production after 1985

During the second sub-period, the coefficients of the ratio of grain price

to material costs were still positive and significant for all the three grain crops.

This irnplies that during this period, total factor productivity was lowered

because of the decrease in the ratio as shown in Table 8,2.

The decrease in the ratio of grain price to material costs was mainly the

result of the rapid increase in the prices of producer goods. Between 1985 and

7990, the price for agricultural producer good increased by 57.7 percent

meastrred at current prices (SSB, ZTN ,7997, p.2aÐ. Grain production became

less profitable than before and also in comparison with many other sectors.

This would have affected farmers' enthusiasm for grain production and

worked against the improvement of total factor productivity.

The estimated results show that during the second sub-period, the

coefficient of income became statistically insignificant for all the three grain

crops. This feature implies that during the second sub-period, the increase in

income had little direct effect on the total factor productivity of grain

production. This is expected because after 1985 the income from agricultural

production decreased both proportionally and absolutely. The increased

incorne was frorn the non-agricultural sources, in particular rural enterprises

(see Table 8.3).
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The lack of enthusiasm in producing grain production during the

second sub-period is also related to the fact that the eagerness to improve

direct food consumption was fading.By 1984, most Chinese rural areas had

initially solved the food shortage problem.14 This may be seen in Table 8.4,

which shows that the consumption of food grain and vegetables - the basic

food for farmers - has not changed significantly since then. The reasonably

sufficient food consumption after 1985 left room for farmers to consider the

relative profits among different sectors rather than merely relying on

increasing grain output.

It needs, however, to be pointed out that the increase in incomes

during the early years of the reforms also had a profound effect on the overall

rural economic situation in the later years. The increased incomes allowed

farmers to accumulate capital, which was crucial for farmers to undertake

non-agricultural activities, in particular rural industries. Between 1978 and

7984, farmers' incomes more than doubled. This rapid increase in incomes

provided the foundation for the later years' development of rural enterprises.

By the mid 1980s, farmers' economic conditions were ready for them to direct

production efforts to the more profitable sectors. When the government

implemented the new marketing policies in 1985, farmers responded by

rapiclly transferring their accumulated capital to non-grain sectors.l5

The estimation result shows that during the second sub-period, the

coefficient of rural enterprises has a negative sign for wheat and rice. For

14 This was officially cìairned by the governmelìt in 1984.
15 It is reported that farmers in the crop farming sector had the lowest average incomes,
whereas in the industrial and transport sectors they had the highest (Hu Iilian, 1989, p.20). As
the most important component in the crop farming sector, grain production is also less
profitable compared with other crops. According to a household survey, since 1985, the
profits from grain production have been the lowest among all the crops (Wu Yiping and Dai
Qiang, 7992, p.50)
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corn, it is positive but only significant at the 20 percent level. The value of the

coefficient is also small. It indicates that during the second sub-period, the

development of rural enterprises had negative effects on the total factor

productivity growth of wheat and rice. For corn, the development of rural

enterprises seemed to have a positive effect. This feature is different from the

situation during the first sub-period. It suggests that farmers' grain

production behaviour changed during the different stages of rural economic

development.

The negative effect of the development of rural enterprises on the total

factor productivity of wheat and rice may be related to the generally high

opportunity costs in grain production. During the second sub-period, total

grain output increased slowly, and the ratio of grain price to material costs

declined. The increased incomes were mainly from the activities outside of

grain production. Farmers were attracted by the relatively high profits in

rural enterprises and became less interested in grain production. It is reported

that in some developed areas, grain production became a sideline occupation

(Yang Tao and Cai Fang, 1997). Farmers tended to put less effort into grain

production, which resulted in the negative effects of the development of rural

enterprises on total factor productivity of wheat and rice.

This result explained partly the generally poor performance of grain

production in the southeast and central provinces during the second sub-

period. The rapid development of rural enterprises in these areas provided

more opportunities outside of grain procluction. Farmers were more reluctant

to produce grain. ln contrast, in the areas where rural enterprises were less

developed, fewer opportunities were available for the farmers. Increasing

grain output was still a major source of increasing incomes. For this reason,

farmers in these areas may have cared more about their grain production.
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This result supports the hypothesis made in earlier chapters that there is an

inverse relationship between the development of rural enterprises and total

factor productivity during the later 1980s. As further evidence, in 1989 ãnd

1990 when the development of rural enterprises suffered from overall

austerity, the total factor productivity of wheat and rice production had a

significant recovery.

The coefficient of rural enterprises for corn production was positive,

though the significance level was low and the value was small. This may be

explained by the fact that for rural households, with the increase in incomes,

the demand for meat and dairy products increased. This required an increase

in feed grain, which ntay provide an incentive to produce corn and to

improve the efficiency of production. The availability of new technology for

corn production during the late 1980s reinforced this incentive (see Chapter

s),

To sum up, the uneven course of change in the total factor productivity

of grain production was closely related to the farmers' goal of improving food

consumption and increasing incomes. During the early 1980s, the

implementation of the HRS enabled the farmers to organise household

production more efficiently in comparison with the People's Commune

system. The motivation to improve food consumption and increase incomes

worked in the same direction and reinforced each other, which brought about

a significant improvement in total factor productivity during the early years

of the reform, mainly through the better utilisation of the accumulation in the

previous period. Although the stagnation in later years was partly inevitable

because of the depletion of the earlier accumulation, the conflict between

increasing incomes and increasing grain outpllt was also responsible, as the

relative price was in favour of rural enterprises.
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8.4.3 Household Average Grain Sown Areas and Economies of Scale

The small scale of the household farm in China has often been

considered to be a reason for the low level of total factor productivity in grain

production. Hence, increasing farm size is believed to be conducive to

improving total factor productivity, whereas decreasing farm size would

result in the opposite effect. The estimated results using the SPB survey data

show some variations among different grain crops. For rice production, the

positive and significant coefficient of the household sown area during both

sub-periods seems to support the above opinion. For the other two grain

crops, wheat and corn, the coefficient is statistically insignificant.

The statistically insignificant coefficient of sown area for wheat and

corn is not what was expected. Two reasons may be responsible for this

result.

Firstly, the extremely small household sown area could mean that a

srnall change in household farrn size may not be able to achieve economies of

scale. Accorcling to Zhu Xigang's study, with current technology the suitable

farm size for each household sìrould be around 20 mu (Zhu Xigang, 7991.,

p.15). According to another study, the threshold scale of grain sown areas for

individual households was about 70 mu. At this threshold scale, farmers

involved in grain production can gain similar incomes to those in other

sectors. Below this scale, household incomes were lower than in other sectors.

Farmers have to undertake other activities while maintaining a simple level of

grain re-production (jiøndan zøishengchøn). Household operation, in this

circumstance, is inefficient (Lei Qiquan, et al , 7990, p.56). The SPB survey

data show that in 1985 the average sown areas of surveyed households were
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only 5.1 mu,5.7 mu and 4.2 mu for wheat, rice and corn, respectively. These

figures are the average sown areas of each household. For each household,

however, the contracted land is often separated into several plots and

scattered around the village. According to one source, average household

Iand after the implementation of the HRS was 8.35 mu, which was separated

into 9 pieces (Lu Qian, 7990, p.21). Apparently, the average household grain

sown areas in the survey were far below the threshold scale. The statistically

insignificant coefficient of sown area of wheat and corn may imply that

increasing sown areas below a certain level is not always able to achieve the

economies of scale.

The second reason for the insignificant coefficient of sown area for

wheat and corn is perhaps associated with the different arable land

endowment in different provinces. The SPB survey shows that for wheat and

corn, the average household sown area varied significantly. A relatively large

size is found in inland and remote provinces, such as Xinjiang, Qinghai,

Neimenggu, Cansu and Heilongjiang. In southeast and coastal provinces, the

average household grain sown area is small. For example, the average

household wheat sown area in Heilongjiang and Neimenggu was about 10

mu and 20 mu, respectively. Whereas in Hebei and Shandong, the average

wheat sown areas were approximately 5 mu. Empirical observation shows

that the level of total factor productivity in the former two provinces was

Iower than that of the latter two. This can be seen from the different values of

the fixed effects in these provinces shown in Table 6.1. Increasing wheat sown

areas in Heilongjiang and Neimenggu may not induce economies of scale. A

similar situation can be seen in corn production. The heterogeneity of farm

size in different provinces may cause difficulties for examining the effect of

economies of scale. This could have been partly responsible for the

statistically insignificant coefficient of household sown area for wheat and
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corn. Compared with wheat and corn, the average household sown area of

rice varies little among different provinces, which may allow the regression to

capture the effect of changes in household rice sown area on total factor

productivity.

Because of the above two reasons, the estimation result is not sufficient

to make a conclusive judgement on the direct effect of household farm size on

the total factor productivity of wheat and corn using the SPB survey data.

Flowever, the positive and statistically significant coefficient of household

sown area for rice may imply that a similar relationship can be expected in

wheat and corn production.

It needs to be pointed out that apart from the direct effect of farm size

on total factor productivity through the economies of scale, farm size also has

an indirect effect on total factor productivity through its effect on household

incomes. As discussed earlier, the negative effect of the development of rural

enterprises on total factor productivity in the late 1980s was closely related to

the relatively low net incomes in the grain sector in comparison with rural

enterprises. Although the low state grain purchase prices and the increasing

producer goods prices were direct reasons for the stagnation of farmers'

income from grain production, the extremely small household farm size is

also a constraint. This situation can be demonstrated using the simple

mathematical calculation shown in Table 8.5.

According to the standard labour day measurement, with the small

household sown area the total labour days needed in producing wheat, rice

and corn were less than 100 days for each household. Supposing a labourer

can work 200 days a year,Iess than a half labourer is needed to complete the

work in operating the household grain sown area. Even taking multiple
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cropping, which on average is 150.6 percent (ECCAY, ZNN, 7997, p.293) into

consideration, the labour needed for the on-farm work is still limited for

individual households. The official statistic shows that the average number of

household labourers was2.94 in 1990 (SSB, 1.991,p.2a$. Obviously, the small

area of farm land cannot fully utilise household labour, which results in low

labour productivity in grain production and consequently low household

incomes. This is one of the reasons why the increase in farmers' incomes

becomes less reliant on grain production, and why there is an increasing

tendency for household labourers and capital to shift to non-grain sectors, in

particular to rural enterprises. This can generate indirect effects on total factor

productivity, although the direction of the effects depends on whether or not

this shift can make grain production more efficient for individual households.

Table 8.5 Household Average Sown Areas, Labour Inputs and Net Returns of

Grain Production,7990

Wheat Rice Corn

Average sown area
of each household
(mu/household)

Labour input required
for each household
(standard labour days)

Net return per mu*
(yuan/per mu)

Net income from
grain for each household
(yuan/household)

4.95

69.30

80.52

398.57

4.54

93.52

772.27

782.70

4.53

78.37

709.63

496.62

* Net return refers to the cash returns after deducting material costs.

Source: Calculated by the author based on the SPB survey. Xinjiang is excluded in the
calculation of wheat and corn as the farm size in this province is strongly influenced by the
state farms, which are much larger than ordinary households.
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8.5 Conclusions

This study applied the log-linear regression model to examine the

effects of changes in the ratio of grain price to material costs, the development

of rural enterprises, changes in farmers' incomes and household sown areas

on the growth pattern of total factor productivity of grain production.

One of the important findings is that the roles of some variables

affecting total factor productivity were not the same during the early years of

the reforms as in the later years. This result underlines the significance of

considering the two sub-periods in analysing factors responsible for the

growth pattern of total factor productivity. In addition, it is also found that

there are variations between different grain crops in responding to the

respective variables. This result suggests a need to specify the period studied,

the location of the area and the crops considered when making economically

meaningful judgements about the effect of different factors on changes in total

factor productivity.

In general, during the early years of the reforms, the total factor

productivity of grain production responded positively to the increase in the

ratio of grain price to material costs and the incomes. As grain production

was the rnost important income generator when other sectors were not

developed, farmers devoted a great deal of attention to increasing marginal

grain outpllt through more efficiently organising their production and

utilising the available resources.

During the second sub-period, the ratio of grain price to material costs

declined. The increased incomes were mainly from non-agricultural activities,
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in particular rural enterprises. Farmers were attracted by the higher capital

returns in rural enterprises and had little enthusiasm to produce grain. This

tendency became particularly strong after farmers had solved food problems.

This led to a generally poor level of management of grain production.

The food consumption situation of rural households has been an

important dynamic behind the growth pattern of the total factor productivity

of different grain crops. In the early 1980s, increasing fine grain consumption

was the main trend and provided incentives for farmers to produce rice and

wheat. In the late 1980s, direct fine grain consumption was rather stable

whereas the consumption of meat and dairy products continuously increased,

resulting in an increasing demand for corn. This, together with the available

new technologies, provided incentives for corn production and was

conducive to the improvement in total factor productivity.

Finally, the disparities in provincial total factor productivity and the

variations amongst the inclividual grain crops in response to the different

factors imply that in China, due to great diversities of natural and socio-

economic conditions, one factor may be influential in one area and for one

crop over a certain period but less influential for another. This result suggests

that grain development policies should be tailored according to the situation

for different grain crops in different areas.
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Appendix 8.4

Table 8.4 Estimates of Variables Influencing Changes in Total Factor

Productiv ity, 7987 -1.99 0

Variables Wheat Rice Corn

Ratio

Income

Rural
enterprises

Sown
area

p2
F
Flausman
statistic

0.396
(8.4s7)

0.131
(4.897)

-0.006
(-0.2s2)

0.020
(0.37e)

0.672
75.699
8.642

0.350
(4.230)

0.274
(4.75e)

0.036
(0.04e)

0.039
(2.789)

0.689
18.780
7.830

0.359
(12.8s4)

0.746
(6.se8)

0.025
(1.ss9)

-0.065
(-0.387)

0.831
37.469

7.707
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Chapter 9

Production Efficiency and the Role of Provincial
Governments in Grain Production

9.1 Introduction

One of the goals of studying provincial total factor productivity is to

examine the relative efficiency of grain production in terms of resource

(inputs) utilisation. With the progressive decentralisation of centrai

government control and the greater role for provincial governments in grain

production management, the issue of relative provincial efficiency has

become increasingly important.

In Chapter 5, it was found that the yield of grain croPs varies

significantly among the producing provinces. Some provinces have a higher

yield than others. This, to a large extent, reflects the effect of variations in

natural conditions in different producing provinces. Provinces where natural

conditions are favourable for the production of a particular crop usually have

a high yield. Conversely, in provinces where natural conditions are not so

favourable, the yield tends to be low. Given a certain level of inputs, the

output is, therefore, higher in the former provinces than that in the latter

provinces.

In Chapter 7,it was shown that the yield growth during the period

studied was attributed to both the increase in inputs and the improvement of
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total factor productivity (technology and production management). Chapter 8

revealed that the growth pattern of total factor productivity and farmers'

input behaviour were closely related to socio-economic factors, including

institutional reforms, marketing and pricing policies, structural changes in the

rural economy, and changes in farmers' incomes and food consumption. It

was also found that the impact of some of these elements on total factor

productivity was dynamic and changed with the progress of the reforms and

the development of the rural economy.

The results of the preceding chapters have illustrated clearly that the

level of yield in a province at a given moment is determined by the combined

effects of natural and socio-economic conditions in the province. The latter

effect is through its influence on the level of inputs, technology and

production management.

A production function measures the relationship between a set of

inputs and output. The variations in provincial yield, caused by variations in

natural conditions, the levels of technology and production management will

be reflected as shifts of production function curves, represented by the

different values of provincial fixed effects in production functions. The

production is therefore more efficient in terms of input utilisation in

provinces where the value is high, and less efficient where the value is low.

Using this norm, the relative production efficiency in different provinces can

be determined.

This chapter starts by examining the relationship between provincial

grain yield and the level of production efficiency. The purpose is to

investigate whether or not the variations in grain yield are associated with

variations in production efficiency. This is followed by a discussion of the
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relative efficiency of provincial grain production in both inter-provincial and

intra-provincial dimensions. It is worth pointing out that so far, there are

hardly any studies which have addressed this issue explicitly. Yet studying

relative provincial efficiency is of practical significance since it provides

necessary information for the adjustment of the spatial distribution of grain

production so that the national resources can be used most efficiently.

Another issue discussed in this chapter concerns the role of provincial

governments in grain production management and the implication for the

efficient use of provincial resources. In the preceding chapters, analysis has

mainly concentrated on the impact of government policies and the xesponse

of grain producers. The role of provincial governments in managing local

grain production has not been specified explicitly. Since the reforms began,

the progressive decentralisation of grain production management has given

provincial governments increasing freedom to make their own production

plans and policies. Despite this, it is also true that central government control

over grain production remains important and grain prices and markets are

still not entirely free.l

Yet, decentralisation has been a nationwide trend in all aspects of the

national economy. The decentralisation has entrusted provincial governments

with the responsibility for provincial economic development. Furthermore,

the fiscal and financial reforms since the mid 1980s have created various

forms of contract system in defining the share of revenues and budgets

between the central and local governments (Cheng Enjiang, 7993; Tsang Shu-

ki and Cheng Yuk-shing,7994). This has led provincial governments to be

1 After 1991, the tendency towards totally abandoning state procurement of grain has become
increasingly strong. In many areas, the practice of freeing grain trade has been implemented.
It is rcported that starting frorn 7992, the central government has decided to accelerate the
transition from state procurement to market trade. The role of the market, therefore, has
increased significantly.
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more concerned with their own interests over gains and losses in grain

production and trade. It is, therefore, of significance for this study to look at

the role of provincial governments in local grain production and to analyse

the implications for provincial grain production efficiency in terms of

resource utilisation.

The chapter is organised as follows: Section 2 first sets out the values of

provincial fixed effects estimated in Chapter 6 and specifies their economic

significance in relation to production efficiency. It then investigates the

relationship between the level of grain yield and the level of provincial

production efficiency. Section 3 examines the relative efficiency among

provinces with regard to one kind of grain crop, and within one province

with regard to different grain crops. Section 4 analyses the effect of the grain

production management system in the 1980s and the early 1990s, and

specifies the role of provincial governments in provincial resource utilisation.

Section 5 summarises the main findings of the chapter.

g.2Provincial Production Efficiency and Its Relationship to

Grain Yield

9.2.1 The Determination of Provincial Production Efficiency

ln Chapter 6, the production functions were estimated with a fixed

effects model for wheat, rice and corn. It can be seen that the value of d¡ varies

among provinces for the respective grain crops (Table 6.1, Table 6.2 and Table

6.3). The different level of the provincial fixed effect d¿, means that given a

certain set of inputs, output differs among producing provinces for the

respective grain crops. The value d¡, therefore, can be viewed as parametric

shifts of the regression function (Greene, 1990, p.485-495). Given the level of
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inputs, the larger the d¡ is, the greater is the output obtainable from such

inptrts. Flence, the value of d¡ represents the production efficiency of a

province. With the panel data approach used in this study, the value of d¡ in

different provinces is determined by the level of technology and production

management and the natural endowments (including soil quality, water

conditions, topography, temperature and so forth) during the period the data

set defines.

9.2.2"[lr.e Relationship Between Yield and Provincial Production Efficiency

As discussed earlier, the level of yield is the combined result of inputs,

technology, production management and natural conditions. The output

attributed to the latter three elements is the gain from production efficiency.

The purpose of this section is to investigate whether or not the variations in

provincial yield are associated with the level of production efficiency. The

judgement is made on the basis of the following consideration: if the level of

provincial grain yield has similar spatial patterns as the level of d;, then it is

reasonable to believe that variations in provincial yield are related to the levei

of provincial production efficiency. The inference is that the high yield

provinces have a high production efficiency. Conversely, the low yield

provinces have a poor production efficiency. If the yield and the level of

production efficiency are inconsistent, then it would suggest that the

variations in yield among provinces are mainly the result of different levels of

inputs. A high yield is, therefore, not necessarily related to efficiency in terms

of resource utilisation, as it could have been achieved from a large amount of

inputs.
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Figure 9.1 The Relationship Between Wheat Yield and the Level of

Production Efficiency for Different Provinces
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Figure 9.2 The Relationship Between Rice Yield and the Level of

Production Efficiency for Different Provinces
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Figure 9.3 The Relationship Between Corn Yield and the Level of

Production Efficiency for Different Provinces
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Figure 9.1, Figure 9.2 and Figure 9.3 show the levels of provincial yield

of 7978 and 1990 and provincial production efficiency di (non-logarithmic

value) for wheat, rice and corn. A high consistency between the level of grain

yield and the level of provincial production efficiency can be observed. This

consistency accepts the hypothesis that the variations in yield among

producing areas are closely related to the level of provincial production

efficiency. High yield can be partly attributed to the high level of production

efficiency and the low yielcl is, in turn, partly the result of the low efficiency.
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Some distinctive features, however, can be seen in the respective grain

crops and in the different years.

For wheat and rice production, as shown in Figure 9.1 and Figure 9.2,

the spatial pattern of yields in 7978 was more consistent with the spatial

pattern of provincial production efficiency. The shape of the two lines has the

same trend. In 1990, although the spatial pattern of yield was still consistent

with the level of provincial production efficiency, the shape of the yield line

was sharper, suggesting increased variations in grain yield among provinces.

Taking into consideration that the natural conditions (except weather

fluctuations) were generally static during the period studied, the enlarged

yield variations would have been mainly the result of uneven progress in

technology and production rrranagernent and the different level of inputs.2

Despite the enlarged yield variations, the general consistency between yield

and provincial production efficiency remained, indicating that the variations

in yield were still closely related to the variations in the level of production

efficiency in different provinces.

For corn production, as shown in Figure 9.3, the situation was slightly

different from wheat and rice production. In 1978, the consistency between

the spatial distribution of corn yield and production efficiency was relatively

weak in the southwest and northwest provinces, including Hubei, Sichuan,

Guizhou, Yunnan, Shaanxi, Gansu and Xinjiang. In 7990, the consistency of

the two lines was much rnore obvious. The situation in 7978 may imply that

the levels of technology and production management were generaliy low for

corn production and that there were no significant differences among the

2 The effect of weather fìuctuations is not considered here. This may affect the levet of yield
for different provinces and in different years. However, the effect of weather fluctuations
cannot sufficiently explain enlarged variations of yield among provinces. Therefore, ignoring
thc'effect of vveather fluctuations is not likely to affect the conclusion of the analysis.
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above provinces. The increased variations in yield in 1990 were most likely

the result of uneven paces among different provinces in terms of the

application of technology and the efficiency of production management. This

point has been raised in the preceding chapters, which show that the major

corn producing provinces experienced a significant improvement in total

factor productivity.

The general consistency of the spatial distribution of grain yield and

provincial production efficiency suggests that for a respective grain crop, high

yield provinces were associated with a high level of production efficiency,

whereas low yield provinces generally had a low production efficiency.

Considering that the level of production efficiency is partly the result of

natural conditions, the variations in production efficiency among provinces

are almost inevitable. It is therefore important for a province to specialise in

producing grain crops for which the province has relatively suitable natural

conditions. In this way, the available inputs can be used more efficiently.

9.3 Relative Efficiency in Provincial Grain Production

In studying the relative efficiency of provincial grain production, two

dimensions are involved: inter-provincial and intra-provincial efficiency.

Inter-provincial production efficiency refers to the relative efficiency of

different provinces in producing one kind of grain crop. Intra-provincial

production efficiency concerns the relative efficiency within a province where

more than one kind of grain crop is produced. The relative level of production

efficiency, reflects the comparative advantage of the province in producing

the respective grain crops.3

3 Flere, the analysis is based purely on the resource utilisation of a province. The transport
costs are not considered.
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The value of parameter d¡ shown in Table 6.1, Table 6.2 and Table 6.3

provides a direct norm for judging the inter-provincial production efficiency

of the respective grain crops. The higher the value of d¡, the more efficient is

the production. Flowever, the intra-provincial production efficiency cannot be

directly judged. For a particular province, even if the value of d¡ is relatively

low in comparison with other provinces for the same grain crop, the province

may still be relatively efficient in producing a grain crop in comparison with

producing other grain crops within the province.

Table 9.7 shows the non-logarithmic values oÍ d¡ for different

provinces. To observe the inter-provincial and intra-provincial production

efficiency, the provinces producing respective grain crops are ranked into

three levels according to the value of d¡.Inter-provincial efficiency is reflected

in the vertical ranking and intra-provincial efficiency is reflected in the

horizontal comparison ranking. The numbers in the "( )" brackets stand for the

ranking of provincial production efficiency of the respective grain crops/

based on the three broad bands. The figures in the "[ ]" brackets are the

proportion of sown areas of the respective crops in provincial total grain

sown areas. These figures inclicate the level of specialisation of the respective

grain crops in provincial grain production.

Examining the inter-provincial dimension, it can be seen that the value

of d¡ varies significantly among provinces (the vertical ranking), representing

the differences in the levels of relative efficiency in producing the respective

grain crop in different provinces. It is noted that the levels of the ranking have

some connections with the proportion of the sown areas of the respective

grain crops in provinces. The higher ranking is generally concentrated in the

major producing provinces for the respective grain crops. For example, the
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Table 9.1 Provincial Relative Production Efficiency in Wheat, Rice and

Corn Production*

Province Wheat Rice Corn

Beijing
Tianjin
Hebei
Shanxi
Neimenggu

Liaoning
Jilin
Heilongjiang

Shanghai
J iang su
Zhejiang
Anhui
Fujian
Jiangxi
Shandong

Henan
Hubei
Hunan
Guangdong
Guangxi

Sichuan
Guizhou
Yunnan

Shaanxi
Gansu
Qinghai
Ningxia
Xinjiang

5e.15(1) t38.sl
5s.26(1) [30.8]
57.e7(2) [36.s]
57.63(2) [30.e]
4s.01(3) [28.0]

44.43(3) l21.Bl

67.2s(1) t17.31
64.85(1) [36.4]

55.81(2) [33.0]

61 .ee(1) t50.31

60.70(1) [51 .4]
50.s6(3) [26.0]

62.30(1) [22.21
46.se(3) [15.4]
54.16(2) [15.1]

s7.00(2) [41.3]
56.60(2) [s0.1]
55.0e(2) [s3.2]
53.84(2) 142.61
53.20(2) [64.6]

147.08(3) [7.3]
1s2.78(3) [10.4]

1e1 .52(1) 117.7)
177.68(2) 111.41
152.02(3) [B.s]

1s5.3s(1) [61 .2]
186.23(1) [37.8]
172.60(2) 173.41
155.87(3) [36.s]
156.4e(3) [74.1]
150.36(3) [8e.3]

178.57(2) [4.6]
163.37(2) 146.71
180.37(1) [81 .B]

135.50(3) [73.2]
143.74(3) [6e.e]

213.7e(1)
1B0.ss(1)
180.37(1)

203.36(1) t7.el

134.2e(1) 145.71
135.64(1) [33.7]
12e.54(1) [2e.5]
126.0e(2) [18.6]
121 .51 (2) [1 e.1]

144.32(1) [43.0]
150.51(1 ) lse.6]
121 .BB(2) 127.41

125.0e(2) [7.5]

1 12.51 (3) t5.61

122.36(2) lzs.4l

122.12
106.06

1 14.8e(3) 124.11
114.21 (3) t10.31

1s2.03(1 ) 124.01

(2
(3

[21.e]
t7.51

117.41

124.31

l27.el

e7.61(3
84.6e(3
8e.66(3

[32.1]
[2s.8]
[2e.1]

* The ranking of the intra-provincial levels is based on following intervals:
Wheat: >59 =(1);51-59= (2); <51 = (3).

Rice: >180 = (1); 160 - 180 = (2); <760 = (3).

Corn: >130 = (1); 115 - 130 = (2); <115 = (3)

ranking of wheat is relatively high in Beijing, Tianjin, Hebei, Shanxi, Jiangsu,

Shandong, Flenan, Sichuan, Shaanxi and Gansu, where wheat sown areas

account for a large proportion of the provincial total grain sown areas. A
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similar situation can be observed in corn production. In Beijing, Tianjin,

Hebei, Shanxi, Liaoning, Jilin, Heilongjiang, Shandong, Flenan and Xinjiang,

where corn production is concentrated, the ranking of corn is relatively high.

The coherence between the proportion of the sown areas of the respective

grain crops and the levels of production efficiency indicates a positive

relationship between specialisation in grain production and production

efficiency.

It is noted, however, that the major rice producing provinces do not

always have a high value of d¡ and, accordingly, a high ranking of production

efficiency. For example, in Anhui, Fujian, Jiangxi, Guangdong and Guangxi,

the value of d¡ is low, despite the fact that they are the major rice producing

provinces and sown areas of rice dominate grain production in these

provinces. Conversely, in some non-major rice producing provinces in

northern China, including Liaoning, jilin and Ningxia, the ranking is

relatively high. This feature, however, does not necessarily mean a

production inefficiency in the major rice producing provinces. In Chapter 5, it

has been argued that northern rice is Japonica rice, which is oniy produced in

limited areas where natural conditions rneet the special requirements of the

growth of this kind of rice. The rest of the sown area is dominated by other

crops, including wheat and corn. In southern provinces, Indica rice is the

predominant grain crop. Wheat and corn production are constrained by

natural conditions. The alternatives for different kinds of grain crops,

therefore, are limited.a This result underlines the need to bear in mind the

two different varieties of rice when making comparisons of performance of

rice production.

4 ln addition, the high genetic yield of rice and the ever-increasing demand for food grain in
China have giverr rice a priority in the areas where rice production is suitable. TNs may
further rcinforce the necessity for rice production.
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The intra-provincial production efficiency cannot be directly observed

from the value of d¡. The judgement is, therefore, based on the relative

ranking of grain crops with reference to national production. For example, if a

province produces different kinds of grain crops and the relative ranking of

these crops is different with reference to national production for the

respective grain crops, then for this province, producing croPs which have a

higher ranking is considered to be more efficient than producing the crops

which have a lower ranking.

Table 9.1 shows that in most multi-crop producing provinces, the

ranking of different grain crops differs, indicating the variations in the

relative levels of efficiency in producing different grain crops. For example, in

Sichuan province, the ranking of wheat, rice and corn is 1, 1 and 3,

respectively. This indicates that wheat and rice production in this province is

relatively efficient compared with corn production. The variations in relative

efficiency for different grain crops can also be observed in many other multi-

crop provinces, such as Beijing, Tianjin, Shanxi, Neimenggu, Jilin,

Heilongjiang, Jiangsu, Anhui, Shandong, Flenan, Hubei, Guizhou, Yunnan,

Shaanxi, Gansu, Ningxia and Xinjiang. For most of these provinces, the higher

ranking is possessed by the major grain crops in the provinces. This result

indicates that a positive relationship between production efficiency and

production specialisation also exists within individual provinces.

The variations in efficiency among provinces in producing the same

grain crop and within provinces in producing different grain crops have

important implications for the structural adjustment of grain production from

the viewpoint of resource utilisation. For a respective grain crop, production

should be concentrated in the provinces where the level of efficiency is high.

For an individual province, the efficiency may be achieved by specialising in
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producing the crop for which the province has a relatively high efficiency.

The general consistency of provincial relative efficiency and the specialisation

of grain production shown in Table 9.1 indicates that the spatial distribution

of China's grain production is relatively efficient in terms of national resource

utilisation.

9.4 The Role of Provincial Governments in Grain Production

Progressive relaxation of central controls has been one of the marked

features of the reforms of the Chinese rural economy. Generally speaking, the

reforms have weakened the central planning system and increased the role of

provincial governments in grain production management. The relaxation and

decentralisation has meant that provincial governments have gained

increased freedom to manage local grain production. The reforms have also

provided incentives for provincial governments to care more about their own

economic benefits. This concern, however, sometimes creates conflicts

between provincial governments' grain production strategies, central

government goals and the efficient use of provincial and national resources.

Compared with other activities in rural areas, grain production has

received the least freedom. The central government's administrative

intervention has maintained a strong influence on provincial grain production

(Sicular, 1992). The existence of the grain quota means grain is still a semi-

commercialised good, and the low purchase price still causes a loss in

delivering quota grain in comparison to selling in the free market. From this

point of view, for both farmers and provincial governments, the reformed

grain production managernent system is only a partially decentralised system.

Under this system, provincial governments are not entirely free to make their

own production plans and to handle grain marketing. This, as shown below,
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has reduced incentives for provincial governments in grain production, which

could lower the efficiency of resource utilisation.

In the partially decentralised grain management system, provincial

governments have two roles. One is as the representative of the central

government and the other is as the organiser of provincial production.

Because of these two roles, on the one hand, provincial governments have to

obey the grain production plan of the central government; and on the other,

they also need to look after their own interests. These two roles have different

implications for the economic benefits and losses of grain surplus provinces

and grain deficit provinces.

The administrative intervention by the central government requires

grain surplus provinces to supply large amounts of planned grain to the grain

deficit provinces at the planned price, which is usually lower than the market

price. This means that the grain surplus provinces have to forego the income

that might have been obtained from higher market prices. Provinces which

receive a large allocation of planned grain at low prices benefit from paying

cheap prices for grain from the surplus provinces.

ln a situation when grain is in over-supply, the grain surplus provinces

often have difficulty in selling grain outside the central plan, as the grain

deficit provinces refuse to buy more.5 This causes a heavy financial burden

for the grain surplus provinces to purchase and to store the surplus grain that

farmers want to sell. The lack of grain storage capacity exacerbates the

problem. It is reported that in Hunan province, various grain subsidies

amounted to 1800 million yuan in 1990. All the grain stores were full and

5 tnis situation happenecl in 1984 and 1.990-1992
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there were more than 1.5 million tonnes of grain stored outside (Yin Yue,

7992, p.33).6

It is clear that no matter whether grain is in shortage or is in over-

supply, the grain surplus provinces are the losers and the grain deficit

provinces are the gainers in the grain trade controlled through central

administrative intervention. The low state grain price and the heavy financial

burden, on the one hand encourages the grain surplus provinces to reduce the

transfer of grain to the deficit provinces at the planned price; and on the other

hand forces them to reduce the sown areas of the crops which are in surplus.

For example, in Hunan and Jiangsu provinces, the rice sown area has

decreased in recent years. In Shandong and Flenan, the decrease occurred in

the wheat sown area, and in Jilin and Heilongjiang, the sown area of corn

decreased (SSB, ZTN, 7997-7993). Noting that large surplus provinces for

respective grain crops are usually the major producing provinces, where the

level of production efficiency is high, the reduction of the sown areas in the

above major producing provinces will tend to lower efficiency in terms of

national resource utilisation. Conversely, grain deficit provinces may have to

increase the sown areas of the crops that they have no advantage in

producing, resulting in a waste of provincial resources.

The conflict between the grain surplus provinces and the deficit

provinces over the gains and losses in grain production is partly the

consequence of central planning control over grain production and

marketing. As grain cannot be traded freely in markets and the state purchase

price is low, producing grain is less profitable compared with most other

6 The.e are many reports orr the financial difficulties in the major grain producing provinces,
such as Jilin, Jiangxi, Hunan, Sichuan. For details of these reports, see Yin Yue, 7992; Li
Qingzeng, A. Watsorr and C. Findlay, 1991; Deng Yiming, Chen ]insong and Yuan Yongkang,
799r.
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activities. Provincial governments are generally reluctant to produce more

grain. It is clear that this conflict can only be solved or eased by entirely

removing central control over grain production, pricing and marketing. By

doing so, the efficiency of resource utilisation in national grain production can

be enhanced as a result of the specialisation of grain production in the

provinces where resources can be used most efficiently.

9.5 Conclusions and Implications

This chapter has investigated the relationship between the spatial

distribution of grain yield and the level of provincial production efficiency. It

has also examined provincial relative efficier-rcy in both inter-provincial and

intra-provincial dirnensions. The impact of the partial decentralisation of the

grain production management system on the utilisation of national resources

and the role of provincial governments in grain production have also been

analysed.

It was found that there is a close relationship between the level of grain

yieìd and the level of production efficiency. This result indicates that the

variations in provincial yield are partly inclucecl by the variations in natural

conditions, the level of technology and the efficiency of production

management. Production in the high yield provinces is more efficient in terms

of resource utilisation, and the yields in a province are partly the result of

poor production efficiency. Because of the effect of natural conditions, the

variations in provincial production efficiency are partly inevitable. For

individual provinces, available resources can be used more efficiently in

producing grain crops for which the province has relatively suitable natural

conditions.
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In examining inter-provincial and intra-provincial relative efficiency, it

was found that most of the major producing provinces for the respective

grain crops have a relatively high level of production efficiency in cornparison

with the non-major producing provinces. Accordingly, in the provinces where

more than one kind of grain crop is produced, the predominant grain crop

often has a higher level of production efficiency than other grain crops. This

feature implies that provincial specialisation in grain production is more

efficient in terms of resource utilisation.

The role of provincial governments in grain production is shaped by

their dual flrnctions in the partially decentralised production management

system. As a local representative of the central government, the interest of

provincial government is consistent with the central planners. Flowever, as an

organiser of local production, the behaviour of provincial governments is also

driven by their own interests. These two functions often mean provincial

governments are unable to manage grain production by pursuing the path of

the most efficient use of available resources. The partial decentralisation of

grain production and the grain marketing system tends to decrease the level

of specialisation in grain production. This can lower the efficiency of resource

utilisation. It is therefore argued that removing the central government

control over grain production, pricing and marketing is necessary for

provincial governments to manage grain production more efficiently.

Finally, it needs to be pointed out that the analysis of grain production

efficiency in this chapter is based only on resource utilisation within the grain

sector. ln reality, what farmers should produce and how provincial

governments make their plans is not only determined by the relative

efficiency within grain production, but also influenced by many other factors,

such as relative efficiency in comparison with other crops and other sectors,

233



the dernand situation, transport costs, the consideration of food and income

security, the lirnitation on growing season and so forth. Further discussion of

these issues, however,lies beyond the scope of this study.
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Chapter 1-0

Conclusions and Future Prospects

l-0.1 Introduction

Since the rural economic reforms began in 1978, China's grain output

has experienced a remarkable growth. The result has been an improvement of

food consumption. Food supply has changed from bare subsistence in the late

7970s to being reasonably sufficient by the mid 1980s, and this has continued

into the 7990s.

Even though the growth has been dramatic, its course has been

uneven. Great variations exist among provinces as well as among grain crops.

During the early years of the reforms, rapid growth of grain output was a

nationwide trend. After 7985, however, the growth was much less impressive.

The overall growth slowed down. In some provinces, there were setbacks,

reflecting the different effects of reform policies and the level of development

of the rural economy on provincial grain production. In addition, because of

diversities in natural conditions and variations in grain crops in different

parts of China, the trends of growth in provincial grain production have been

further complicated.

This study has examined the sources of output growth of grain

production between 7978 and 7990.It focused on analysing changes in the

total factor productivity of grain production and the contribution of these
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changes to the growth. Provincial disparities in the growth patterns of yield

and their relationship to changes in total factor productivity were a particular

concern. This study has also investigated the factors responsible for the

changes in total factor productivity and the variations among different grain

crops. Finally, it has examined the relative efficiency of provincial grain

production and the role of provincial governments in utilising provincial

resources.

This concluding chapter first reviews the major findings of this study

and then extends these findings to a brief and general discussion of some

policy implications, in particular, the effects of the latest developments in

marketing and pricing trends on total factor productivity of provincial grain

production in the 1990s.

10.2 The Summary of Conclusions and Major Findings

This study began in Chapter 2 with a discussion of the notion of

productivity in economic theory. This was followed by u review of the

literature on Chinese agricultural productivity and grain productivity in the

last 10 or so years.

The review found that there is a lack of common agreement among

existing studies of Chinese agricultural productivity. Although ali results of

these studies have shown an increase in total factor productivity during the

early 1980s, the measurements have varied significantly. Such variations are

partly attributable to the lack of reliable data, in particular the data for labour

inputs. Due in part to the data constraints, studies of productivity of grain

production have not been common. In the few available studies, grain

production is considered as a whole and/or examined at the national level.
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Regional and disaggregated studies are rare. Yet China is a large country with

great diversities in natural conditions and in the levels of socio-economic

development. Grain production varies in different areas in terms of crops

produced and yields achieved. It is, therefore, argued that the regional and

disaggregated approach in studying grain productivity is both significant and

necessary for understanding the mechanisms of the development of grain

production and the disparities among provinces.

In China, studies of regional agricultural production often face a

problem of regional definition. In Chapter 3, several commonly used

definitions of regions in previous studies of Chinese agricultural production

were reviewed and the characteristics of the each definition were discussed. It

was found that although homogeneity has been most often used as a basic

criterion in regional divisions, the homogeneous features in these definitions

are often weak within the region, while heterogeneous features are not strong

across regions.

lt is argued that disparities among provinces are often significant and

have been reinforced since the reforms began. The decentralisation meant that

provincial governments came to play an increasingly important role in

managing provincial grain production. This situation makes it more difficult

to find common features among provinces, even when they are adjacent or

close to each other. This is particularly the case for the provinces in the

southeast and central areas of China, where grain production is most

important with respect to the national overall production. This also explains

why some provinces in these areas have often been integrated into different

regions in different studies. The inconsistent definitions make the regional

analysis less rneaningful in terms of understanding regional characteristics

and disparities in grain production.
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After judging the merits and the demerits of different definitions in

regional studies, it was argued that using the provincial boundary as the basic

unit in the regional studies is more appropriate as it can best reflect the

homogeneity within regions and the heterogeneity between the regions. In

addition, Chinese official data are generally based on the provincial

boundaries. Using provinces as regions provides insights into the effect of

administrative intervention by both the central and provincial governments

on grain production.

Chapter 4 examined grain production development between 7978 and

7990. It was found that since the reforms began, China's overall grain

production has experienced significant changes in sown area, yield and

output. These changes have made grain production in the reform era quite

distinct from the preceding 1952-7978 period. One of the most dramatic

characteristics during the reform period was the remarkable increase in grain

output at a time when the sown areas decreased, indicating a great increase in

grain yield or land productivity. Another finding in Chapter 4 was the

uneven development of grain production during the reform period. This

unevenness can be seen in both a time dimension and a regional dimension.

The remarkable growth occurred mainly between 7978 and 7984, while after

1985, the progress was much slower. The uneven development across

provinces increased the provincial diversities in grain production. Most of the

increased grain output after 7978 came from large grain producing provinces,

whereas the contributions of other provinces were relatively less significant.

This required the study to place great emphasis on grain production in the

major producing provinces.
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As increasing yields were the major source of the increase in grain

output during the period studied, Chapter 5 investigated the growth patterns

of yields between 7978 and 7990.It was found that the differences between

the types of grain crops were responsible, to a large extent, for the disparities

among provincial aggregate grain yields. Taking into consideration that the

spatial distributions of grain crops are dominated primarily by natural

conditions, it suggested that caution is required in comparing regional and/or

provincial grain production. This finding underlined that the thesis as a

whole needed to make an analysis based on respective grain crops. As wheat,

rice and corn are the most important grain crops in China and they account

for an overwhelming proportion of national grain production, the analysis of

provincial grain production focused on these three grain crops.

In examining the growth patterns of grain yields, it was found that in

many major producing provinces where the rural economy was developed, a

dramatic increase occurred during the first sub-period and this was followed

by stagnation during the second sub-period. Conversely, in most minor

producing provinces where the rural economy was less developed, during the

first sub-period, the yields increased relatively slowiy but continued to

increase in the second sub-period. This result indicates that different

developmental levels in the rural economy can affect farmers' grain

production responses to government policies,

The analysis of changes in total factor productivity for the respective

grain crops and in different provinces was based on the production functions

estimated in Chapter 6. Taking into account the effects of provincial

disparities in natural environment and socio-economic development on the

level of total factor productivity, the estimations of production function used

a fixed effects model. This approach avoided using dummy variables in the
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model. More significantly, the values of the intercept terms provided the

criteria for examining provincial grain production efficiency in terms of

resource utilisation.

The estimations of production functions show that the output elasticity

with respect to a particular input is different for wheat, rice and corn. This

result demonstrates the necessity to estimate the production function for each

grain crop separately in comparative regional studies of Chinese grain

production.

Among various inputs, it was found that the output elasticity of land

input was large for all the three grain crops, underlining the importance of the

Iand input in grain output. Stabilising grain sown areas therefore is crucial to

ensure a certain level of output. It was also found that the marginal returns of

different grain crops to land input are different, with a large figure for rice

and corn, and a small figure for wheat.

The estimation of production functions shows that output elasticity

with respect to labour input is statistically insignificant for wheat, rice and

corn. This corresponds to the existence of surplus labour in grain production.

The output elasticity of labour input is difficult to estimate, as there were not

enough variations of output that can be attributed to changes in labour input.

This situation simply rneans that in Chinese grain production, labour input

has become a non-binding factor. It also implies that increasing marginal

labour input beyond the present stage may have little effect on marginal

output. The further increase in output is determined by inputs of land,

chemical fertiliser and other capital.
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The output elasticity of chemical fertiliser and other capital inputs were

positive and large in the estimations, suggesting the important role of these

two inputs in increasing grain output given the limit on arable land. It was,

however, found that the output elasticities of these two inputs varied among

different grain crops. Given the 1990 price level, increasing chemical fertiliser

input in corn production was more efficient than in rice production in terms

of marginal returns of output and profit. For rice production, the small

marginal output of chemical fertiliser input meant that further increase in this

input might not be able to bring a large increase in rice output with the given

amount of sown area.

Weather conditions are included in the estimation model as an

explanatory variable. The significant and negative parameter indicates that

grain output was inversely related to the areas affected by natural disasters.

This result explained partly the uneven growth of grain output during the

period studied. ln the early 1980s, the rapid growth of output benefited from

the good weather conditions and the poor harvests between 1985 and 1,988

were, in turn, partly the result of the bad weather.

In Chapter 7, the estimated elasticities of various inputs were used as

weights to compute the total factor productivity index of wheat, rice and corn

between 1978 and 7990. lt was found that the changes in total factor

productivity were uneven during the period studied, and this corresponded

to the changes in yield and output. The major increase occurred in the early

years of the reforms. In the later years, total factor productivity only

experienced minor changes. This result, suggests that the effects of the

reforms on total factor productivity were most significant during the early

years of the reforms.
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The examination of the sources of yield growth reveals that the

increase in total factor productivity was an important source of the growth.

The result supports the view that the reforms have had positive effects on

grain production efficiency. The comparison among the three grain crops,

however, shows that the contributions of the total factor productivity to the

yield growth were different, with a larger figure for corn and a smaller figure

for rice. This result suggests that corn production performed more efficiently

during the period studied.

The contribution of chemical fertiliser and other capital inputs to the

yield growth was relatively small for all the three grain crops during the first

sub-period and became significant in the second sub-period. This result

indicates that farrners' grain production has tended to become more reliant on

markets in purchasing producer goods. This trend underlines that the

marketing and pricing situation has become increasingly important for

farmers' production decisions. The inconsistent pace of changes in total factor

productivity and output during the second sub-period can be attributed to the

effect of the inconsistency of marketing policies.

The improvement in total factor productivity during the early years of

the reforms, however, stemmed from the rnore efficient use of the available

resources and technology, accumulated during the People's Commune period

and released by the reforms in production organisation and the income

distribution systerns. Although the stagnation in the later years of the reforms

was almost inevitable as the result of the depletion of the previous

accumulation, the retreat of the state government from the role of key

investor in agriculture and the failure to mobilise local investment to take up

the role were also responsible for the stagnation. It is argued that with

production moving closer to the potential of available technology, the further

242



improvement in total factor productivity has to rely on new technology.

Government policies in this respect were unsuccessful, and were a

shortcoming of the reforms in the 1980s.

Having estimated changes in total factor productivity and their

contributions to yield growth, an analytical model was established in Chapter

8 to investigate the effects of changes in grain prices and material costs, the

development of rural enterprises, changes in farmers'incomes and household

grain sown areas on the changes in total factor productivity of grain

production. One of the important findings was that the effects of farmers'

incomes and the development of rural enterprises on the changes in total

factor productivity differed between the early years of the reforms and the

later years. This result underlines the significance of looking at the two sub-

periods in analysing the causes of the changes in total factor productivity.

The study revealed that the initial increases in total factor productivity

were closely related to farmers' short-term eagerness to improve food

consumption and the long-term goal to increase incomes. The motivations to

improve food consumption and to increase incomes reinforced each other and

brought about a significant improvement in the total factor productivity of

grain production during the early years of the reforms. Flowever, once the

food problems were solved, the motivation to increase incomes gradually

became the key force driving farmers' procluction behaviour. The relatively

low income from grain production was contrary to farmers' motivation, and

became one of the reasons for the stagnation of total factor productivity

during the late 1980s.

The estirnated result in the analytical model seems to support the view

that small farm size placed a constraint on the improvement of total factor
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productivity, despite the fact that for wheat and corn, the coefficient of this

variable was statistically insignificant in the regressions. It is also argued that,

possibly because of the extremely small size of household farm land, a slight

increase in farm size may not be able to generate a significant improvement of

economies of scale.

Based on the values of provincial fixed effects, estimated by using

production functions, Chapter 9 examined relative efficiency of provincial

grain production in terms of resource utilisation. The role of provincial

government in managing local grain production was also discussed.

The examination showed a consistency between the level of grain yield

and the level of provincial production efficiency. This result indicates that the

variations in provincial yield are closely related to natural conditions, the

ìevels of technology and production managetnent. Grain production in the

high yield provinces tends to be more efficient in tertns of resource utilisation,

and the low yield in other provinces is partly the result of poor production

efficiency.

The relative production efficiency in individual provinces was

examined in both the inter- and intra-provincial dimensions. It was found that

for respective grain crops, most major producing provinces have a reiatively

high production efficiency in comparison with the non-major producing

provinces. Accordingly, in the provinces where more than one kind of grain

crop is produced, the predominant grain crop often has a higher level of

production efficiency than the other grain crops. This feature suggests that

provincial specialisation in grain production is tnore efficient in terms of

resource utilisation.
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The role of provincial governments in grain production was examined

from the viewpoint of their dual functions in the partially-decentralised

production and marketing system. As a local representative of the central

government, the interest of provincial government is consistent with the

central planners. However, the decentralisation of production management

also entrusted provincial governments with the responsibility to look after

their own interests. These two functions sometimes meant that individual

provincial governments were unable to manage grain production by pursuing

the path of the most efficient use of available resoLlrces. This dilemma can

only be resolved by entirely removing the controls over grain production and

marketing.

10.3 Implications and Prospects for Growth of Total Factor

Productivity in the 1990s

Entering into the 1.990s, marketing and pricing reforms have

accelerated. The centrally planned system of grain production has been

further weakened and the trend towards entirely open grain markets is

becoming increasingly stronger. Although the overall impact of this trend on

total factor productivity is not yet clear, some likely outcomes can be

considered based on the analysis of this study.

1) As administrative intervention by the central government impedes the

improvement of provincial procluction efficiency, the further relaxation of the

central control over grain production in the 1990s is likely to be conducive to

encouraging provinciaì governments and individual farmers to adjust grain

production in ways that available resources can be used more efficiently. It is

predicted that, with the increasing relaxation of grain marketing and pricing

controls, provincial production efficiency might be improved to a certain
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extent, and the spatial distribution of overall national grain production will

tend to become more specialised in the areas where resources can be used

most efficiently.

2) Although the reforms in the last decade have been remarkable in creating

incentives for farmers and provinces to improve production efficiency in

grain production, the lack of agricultural investment in grain production has

also partly been the result of the reforms, and has adversely affected the

development of new technology and the construction of agricuitural

infrastructure. At the same time, new networks for promoting technologies in

rural areas have not been developed to replace the commune system and to

interact satisfactorily with the household-based production management

system. Therefore, one of the important tasks faced by the government in the

1990s is to increase agricultural investment, to strengthen and to faciiitate

agricultural research, and to foster extension services. Flowever, this task may

conflict with the further relaxation of grain production marketing and pricing

systems. Past experience shows that the reduction of central administrative

intervention in grain production and the increasing role of provincial

governments were accompanied by a reduction in agricultural investment,

which has been detrimental to further development of new technology.

Whether or not market forces can replace the role of the government in

developing new technologies and in infrastructure construction is still an

open question,

All in all, if the new policies cannot promote an improvement in

technology, increasing grain output will have to rely primarily uPon more

inputs on the fixed amounts of land. This, in turn, will further worsen the

relative prices between grain and other products due to the diminishing

marginal returns to the inputs. Eventually, the overall output may decrease as
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a result of an out-flow of resources to other more profitable sectors. If the

Chinese government is not comfortable with reliance on the international

market to meet domestic grain demand, the relaxation will not be able to be

maintained, because whenever the grain supply is in shortage, the

government will tend to re-strengthen its administrative intervention. The

policy swings between relaxation and consolidation of central control over

grain production and marketing during the past years of the reforms have

provided empirical evidence for this prediction.

3) The negative effect of the development of rural enterprises on the total

factor productivity of wheat and rice in the late 1980s was mainly the result of

the low relative profits and low net incomes in the grain sector. Much

empirical evidence cited in this study suggests that this was caused, to a large

extent, by the extremely small area of household farm and, consequently,by

the low labour productivity. Increasing household farm size can allow

household family labourers to be used more efficiently and labour

productivity can thereby be increased. When farmers in grain production

receive incomes equal to other sectors, their enthusiasm for grain production

rnay be restored. Therefore, increasing household farm size has two related

effects. One is to increase economies of scale so that total factor productivity

can be improved. The other effect is to reduce the capital out-flow to non-

grain sectors by increasing labour productivity in grain production so that

Iabourers involved in grain production can receive the same wage as

labourers in other sectors. This requires a threshold size of household farm

land, Althougìr the threshold size may not represent the best economies of

scale in grain production, it may be the first stage in preventing a decrease in

total factor productivity in grain production.
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4) It was also found that specialisation in grain production can bring about a

more efficient use of national resources. It is economically rational for the

government to concentrate the limited investment on the areas where the

production conditions, including natural, socio-economic and infrastructure

conditions, for grain production are generally favourable. The construction of

the commercial grain production bases starting from the mid 1980s may have

reflected this intention. Such bases can only become fully effective, however,

under the condition of the relaxation of controls over production and

marketing, the realisation of economies of scale, the removal of grain trade

barriers among provinces and the improvement of transport facilities for

regional trade.

Whatever the impact of the reforms in 7990s, this study has

demonstrated that the further increase in total factor productivity of grain

production has to rely on the improvement of technology of inputs. From the

point view of the government, two types of effort are indicated. One is to

facilitate grain production through investment in agricultural research and in

construction of agricultural infrastructure. The other is to introduce

appropriate policies to encourage the market forces to work in favour of

agricultural research and the distribution of new technology. However,

introducing the market rnechanisrn in agricultural research and distribution

can only be realised when grain fully becomes a commodity and can be

traded freely in rnarkets. This requires the government to remove its control

over grain production. The reforms in the 1990s seem to be moving towards

this clirection. Therefore, it is expected that the market mechanisms will

become increasingly important in the further development of grain

production.
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