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Abstract

Energy is the important foundation of the development of national economy and
society in China. It can promote the improvement of the level of people's living
quality, but its impacts on global warming and the degradation of ecological
environment are becoming more and more obvious since it is also the emitter of
environmental pollutants. China is now the world's largest energy consumer and CO»
emitter. In 2014, the total energy consumption in China reached 4.26 billion tons,
accounting for about a quarter of the world's total amount energy consumption.
Meanwhile the CO> emissions are 9.33billion tons, accounting for about 27% of the
world's total amount energy consumption. China’s foreign dependence ratio of oil and
gas respectively reached 59.5% and 32.2% according to BP 2015, showing a rising
trend year by year.At present, China is in the critical period of building a harmonious
and well-off society in an all-round way. The rigid demand of energy in the process of
industrialization, urbanization and agricultural modernization is difficult to change in
the short term. At the same time, the energy mix that the coal counts the vast majority
influences the environment heavily, which cannot be ignored.

Since the beginning of this century, China has entered the critical period of
building a moderately prosperous society in an all-round way, and at the same time,
"three agriculture" problem has once again become a national focus of the
government. The Chinese government has issued a series of support measures that
make the per capita number of machinery and equipment improve significantly, as
well as for the agricultural mechanization level. Predictably, with the improvement of
agricultural technology progress and agricultural mechanization, the absolute amount
of agricultural energy consumption and CO; emissions must have substantial growth
in the future.The NO.1 Document issued in 2015 pays further attention to agricultural
modernization. It put forward to increase agricultural science and technology content
and promote agricultural sustainable development capacity and develop a resource

saving and environment friendly modern agriculture. Therefore, this paper tries to



study the following issues:

1. This paper tries to estimate the energy demand of China’s agricultural sector
and meanwhile explores the energy energy-saving potential under different
energy-saving scenarios. This indictes that China’s agriculture is in a low level of
energy efficiency and it need to be given a scientific estimation and evaluation of it.

2. Considering the heterogeneous production technology of China’s agriculture,
this paper employ diffenrent meta-frontier DEA method to estimate energy efficiency,
CO» emission efficiency and comprehensive efficiency of China’s agricultural sector.
Based on these empirical results, we can in theory verify the feasibility of energy
conservation and emissions reduction targets in China’ agricultural sector.

3. Based on the efficiency empirical findings, it tries to explore the agricultural
sustainable development from the perspective of inter substitution among the input
factors.

Based on the research need and restrictions on major, energy consumption and
CO; emissions are those that are related to the agricultural activities. Hence they are
only limited to the agricultural production filed, not include rural households which
are not productive.Under the background that countries and regions of the world
attaches increasingly great importance to the development of resource utilization and
environment, world agriculture gradually develops in the direction of ecological,
efficient and environmentally friendly modern forms.As an agricultural country,
China is trying to realize agricultural modernization at the same time, so studying the
efficiency of energy consumption and CO; emissions, is of great significance for
energy conservation and emissions reduction for agriculture in the process of
promoting agricultural sustainable development. The research methods of this article
has popularization value for energy theory study in other industry. The corresponding
empirical results have a certain application and reference value for energy

conservation and emissions reduction and sustainable development of agriculture.

Keywords: agriculture; energy efficiency; CO> emission efficiency; Substitution

effect; agricultural sustainable development



R R RRRRRRRRR I
ABSTRACT ...eeeeeeeeeeeeeeeeeeteseesessesestssesessessteseasssasesseseateneassntesentessasensessnsesssssnsssanes i
BB 1 B B eeeeeeee e eeeteseesetessasese s aseteasases e seses e s teseeneeeeaenenenennn 1
IR g == Bt = AT 1
R BRI = ST 1
L2 3 T T oottt ettt ettt ettt ettt ettt 3
L2 B BT S oottt e ettt et ee e et et et et et e e e et et eeet et eees et e et 4
BRI 1S5 g 1y ST 7
1.4 FETERGOUFTZAD oo, 9
B 2 EE STHREEIR oottt e e a ettt et n et e e e ennnes 10
2.1 TR EEFEEES ZSABRHEEBBIZ oo 10
N O R 0 - O TR 10
I W= 0 5|5 GO eSS 12
22 BBIRTANY oottt ettt ettt et et e e et et e e et neeens 15
R e =y <8 1 ST 15
I <8 1 TS 19
I ey < 1 S 22
I 120 a s AT 23
2 R N oo ettt 24
FI3IFE RUBEENM -EURHEBERDRR ..o 26
KT8 =1 [ RSOOSR 26
3.2 FERWEEFEEZENEZME R R TR I s 32
32 T T T ettt eneeens 32
3.2.2 BT oottt et e e e e neeeenns 34
IR 0 K e o ST 35
324 BB T R I A T BT T2 T oottt 39
3.3 FERN S ERHEBEIIREE R HT oo 45
330 T T T oottt e e neneneneenns 46
3.3.2 BHAE T oottt et e e e e reeeenns 48
TR TR .0 K o ST 49
R I N =7 TSR 51
F4E PERIEESZEREEM SRR oo 53
o =1 (=SOSR 53
R 5y o b~ 54
Y I o 0= 120 B s i 54
W o= W Y 1y % - B0 o =S 58
RS == T 61
P e 0= 10 By SR 61



4.3.2 Al = AR BIRHE A A B v, 65

A IR BRIV oo e e e 74
FS5E ETHENMANPERIEEERAEE DT oo, 76
T8 =1 SRRSO 76
5. B B T3 oo ettt e e, 76
52,1 BT AR I B B BRI B T oo, 76
I & i s SRS 79
IR TS 13 == ST RRRRARS 81
5.3.1 ZREHHEEE ) SRR HEBOSCR BEARZERE T i, 81
5.3, AT T T 00 M oo e et e et 86

S R BT N oo ettt 91
Fe6E PERIEEZREZSUERHIETUDE ..o 93
L3 =1 =SSOSR 93
0.2 B BT T 3 oo ettt e, 94
0.2.1 A B L B EE oo e et ee e, 94

0. 2.2 B IS T oottt e e e, 98
RIS 11 == S SOOI 101
0.3, 1 B S R R M oo e e e 101
6.3.2 R B S BT T I et e et r s en e, 105
6.8 LN e e e ettt ettt e e e, 109
FT1E ETEFEZERNPERUAIFEER ..o, 110
Tl Bl e ettt 110
72 B B T 32 oo e 111
720 BT L P2 BRI oo, 111
72 P B oottt ettt ettt eee s 112
723 B R B oottt et ettt e e ene s 112
73 I T T oo e ettt ettt ettt et r et et eeeens 114
731 FE BRI B R I SR oo, 114
73,2 B B T T TT oot e e 115

R T I IS 11 N USRS 119

U N =0 1 <R 121
B B T R T R oo et eeeeete st e sesseesseseeeensensseasteseestenaeaenes 124
L BT BT R oot 124
8.2 B BT BB oo ettt 126
| 128
BLVRE A1 e WA 21D SR A=y A 146
e BT B R oottt 146
T TR B et 146

\|



Contents

ABSTRACT IN CHINESE .....cccooviiiimttiitiiiiniininiieesssiesesesenssmmssssseeee I
ABSTRACT IN ENGLISH ...ccuuuiiiiiiiiiiiiiiiiiiiiiiniiiiiniiesniiineeeasiiineenssisiessssisneessssne i
CHAPTER 1 INTRODUCTION.....ccccttiiiiiiiinnnnnneieiiiiiiiissnnnnneeeeiimmmmssmeeeesns 1
1.1 RESEARCH BACKGROUND AND SIGNIFICANCE ........cccooviiiiiiiiiiieenn 1
1.1.1 Research Background ............cccceeiiiiiiiiiiiiiiicic e 1
1.1.2 Research SignifiCance...........cuviviiiiiiiiieiiiie e 3
1.2 RESEARCH CONTENT AND ISSUES .....coiiiiiiiiiiieeeeee e 4
1.3 RESEARCH METHODOGY AND METHOD ......ccccooiiiiiiiieiiiiinieiiene e 7
1.4 CONTRIBUTION AND INNOVATION.......ooiiiiiiiiiiieiiiie sttt 9
CHAPTER 2 LITERATURE REVIEW.......uuiiiiiiiiiiiiiniiiiieeinnnnnseeeeeenn 10
2.1 ENERGY CONSUMTION AND CO; EMISSIONS IN AGRICULTURE........ 10
2.1.1 ENETZY CONSUMEION ..vviiriiienrieieisieeiesssesiee st et st nneas 10
2.1.2 CO2 @IMISSIONS .....eveveesresiresteete et ettt sbe e r e e b s abe e beenesneenneas 12
2.2 TECHNOLOGICAL EFFICIENCY ....ccuviiiiiiiiiiiiie st 15
2.2.1 ENETEY €ffICIENCY ..ouvveuviiiiiiiieiiise sttt 15
2.2.2 environmental effiCIENCY .......c.ccvviiiiiiiiiiiciie e 19
2.2.3 Comprehensive effiCeNCY ... couiiiiiiiiiiiiieiiee e 22
2.3 ENERGY SUBSTITUTION EFFECT ....ccooiiiiiiiiiiieeseeee e 23
2.4 CONCLUSION ...ttt ittt n e 24
CHAPTER 3 EXPLORING INFLUENTIAL FACTORS OF CHINA’S
AGRICULTURAL ENERGY CONSUMPTION AND COz: EMISSIONS........... 26
3.1 INTRODUCTION ..ottt 26
3.2 INFLUENTIAL FACTORS OF AGRICULTURAL ENERGY CONSUMPTION
AND ENERGY SAVING POTENTIAL ......ooiiiiiiieiie e 32
3.2.1 Model SpecifiCation ...........ccviiiiiiieiiieee e 32
3.2.2 DiALA SOUTISE ....vveeureeirieieesireeiee s e e e siee e s e e e sne e e n e nmn e s r e sne e e neenmeeanneenneeas 34
3.2.3 Results and diSCUSSIONS..........eeiviiiriireieiee e 35
3.2.4 Energy saving potential and demand forecasting ............c.cccevvveviiieeiinnenne 39
3.3 INFLUENTIAL FACTORS OF AGRICULTURAL CO; EMISSIONS............. 45
3.3.1 Model SpecifiCation ...........ccveiiieirieiiiee e 46
3.3.2 DAtA SOUISE...eeiiiiiiiiiriiiiitie ettt 48
3.3.3 Results and diSCUSSIONS..........eeiviereeieieieesie e 49
3.4 CHAPTER SUMMARY ..ottt 51
CHAPTER 4 TOTAL FACOR ENERGY EFFICIENCY AND CO2
EFFICIENCY OF CHINA’S AGRICULTURAL SECTOR......ccccccevviiiinnnnnnenn 53
4.1 INTRODUCTION ....ooiiiiiiiiieiisie ettt 53
4.2 METHODOLOGY ...ooitiiiiiiiieiieie ettt 54
4.2.1 Model Specification of energy efficiency .........ccccoveviiiiiiiiciiciiecs 54

Vil



4.2.2 Model Specification of CO2 efficiency........cccovvvvviiiiiiiiiiiiciiiieesie s 58

4.3 DATA AND RESULTS ..ottt sttt st 61
4.3.1 Energy efficiency based on metafrontior ...........ccccceevveeiieniiieiie e 61
4.3.2 COz efficiency and CO2 Emission reduction ..........coceeverrieieiieniiieesnenennne 65

4.4 CHAPTER SUMMARY ..ottt st 74

CHAPTER S ANALYZING ON THE REDUCING POTENTIAL OF
CARBON INTENSITY OF CHINA’S AGRICULTRAL SECTOR BASED ON

THE PERSPECTIVE OF EFFICIENCY ANALYSIS ....cooovniiiiinieeiiiiineecninnne 76
5.1 INTRODUCTION ..ottt bbbt 76
5.2 METHODOLOGY ...oiiiiiiieiieiteie ittt 76

5.2.1 CO; emission efficency based on the radial distance function .................... 76
5.2.2 Inefficiency analySis .......cccveiiiieiieiiiiiiiesie e 79
5.3 EMPIRICAL RESULTS ..ottt it 81
5.3.1 COz emission efficiency considering desirable output ...........cevvrvrriennne 81
5.3.2 COz intensity reduction potential............ceoviiiniiininiiniiie e 86
5.4 CHAPTER SUMMARY ....ooiiiiiiiiiitiiieieie ettt 91

CHAPTER 6 TOTAL FACTOR COMPREHENSIVE EFFICIENCY AND ITS

DYNAMIC PERFORMANCE IN CHINA’S AGRICULTURAL SECTOR....... 93
6.1 INTRODUCTION ....cuiiiiiiiieiteiiesies ittt 93
6.2 METHODOLOGY ...cviiiiiieieiiie ittt 94

6.2.1 The total facor comprehensive efficiency........cccovvvviiiiiciiiii i 94
6.2.2 Dynamic comprehensive performance ............cooevvviiieeninieneenesieeseenes 98
6.3 EMPIRICAL RESULTS ...ttt 101
6.3.1 Static efficiency analySiS........ccocovoiiiiiiiii e 101
6.3.2 Dynamic comprehensive performance ............cccevverniieiiiininiee s 105
6.4 CHAPTER SUMMARY ...ooiiiiiiiiiiiisieee e 109

CHAPTER 7 ANALYZING CHINA’S AGRICULTURAL SUSTAINABLE

DEVELOPMENT BASED ON INTER-FACTOR SUBSTITUTION................ 110
7.1 INTRODUCTION ...ttt 110
7.2 METHODOLOGY ..ottt 111

7.2.1 Translog Production FUNCtion............cccocvviiiiiiiiiiciic e 111
7.2.2 Output elasticity of capital, labor and energy ...........ccocoeevviiiiiieiiieninnns 112
7.2.3 Substitution elasticity of capital, labor and energy...........ccccoovveveiirnnnene. 112
7.3 EMPIRICAL RESULTS ..ottt 114
7.3.1 Index selection and Data SOUTICE..........cccviiviiiiiiniiiieeec e 114
7.3.2 Model Specification and Model Estimation ...........cccoocveeniiriiieeinineninens 115
7.3.3 Empirical results and diSCUSSION ........cccvieiiiiiiiiiiiiiieeniie e 119
7.4 CHAPTER SUMMARY ..ottt 121

CHAPTER 8 RESEARCH CONCLUSION AND PROSPECTS .....cccceiimeireenieanienninnnnnnn. 124
8.1 RESEARCH CONCLUSION .....ociiiiiiieiie et 124
8.2 RESEARCH PROSPECTS ..ot 126

VIl



REFERENCE ......ccevuuriiriinnnininnnnninnnnnne.

SCIENTITIC ACHIVEMENTS DURING PHD STUDY PERIOD .......cccceeireinnnnneennnnennens

1. SCIENTIFIC ACHIEVEMENTS
2. AWARDS AND HONORS.........






Degree papers are in the “Xiamen University Electronic Theses and
Dissertations Database”.

Fulltexts are available in the following ways:

1. If your library is a CALIS member libraries, please log on
http://etd.calis.edu.cn/ and submit requests online, or consult the interlibrary
loan department in your library.

2. For users of non-CALIS member libraries, please mail to etd@xmu.edu.cn

for delivery details.



