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Growth and Decomposition of China’s Soybean Total Factor Productivity Under
Carbon Emissions

YANG Xue, HE Yu-cheng, YAN Gui-quan
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Abstract; In the paper, incorporating carbon emissions into the soybean total factor producticity analysis framework to provide
reference for low carbon production in soybeans. The spatial and temporal characteristics of carbon emissions and density in
China’s major soybean producing areas from 2006 to 2016 are measured and analyzed, and then the Malmquist- Luenberger
productivity index based on directional distance function was used. The law estimated the total factor productivity of 11 prov-
inces and cities in China’s major soybean producing areas in 2006 — 2016 under carbon emission constraints. The results
showed that in 2016, China's soybean carbon emissions decreased by 11. 70% compared with 2006, with an average annual
negative growth of 1. 24% , while carbon emission density increased by 14. 02% compared with 2006, with an average annual
growth of 1.32% , both of which showed a trend of rising firstly and then decreasing. From a regional perspective, Hei-
longjiang and Inner Mongolia had the largest carbon emissions, while Jilin and Shanxi had the highest carbon emission densi-
ty. Under the carbon emission constraints of 2006 — 2016, China’s soybean total factor productivity grew at an average annual
rate of 2. 32% , of which technical efficiency improved by 0. 6% annually, and cutting-edge technological progress increased
by 1.66% annually. It showed that the growth of China’s soybean total factor productivity mainly depends on the contribution
of cutting-edge technological progress, and the improvement of technical efficiency was not obvious. From the perspective of
geographical distribution, there was a regional imbalance in China’s soybean total factor productivity under carbon emission
constraints. The western region had the fastest growth, while the eastern region had the slowest growth, and there were differ-
ences in the total factor productivity growth patterns of various provinces and cities. The main soybean producing areas in Chi-
na are lacking of ‘ Environmental Technology Innovators’. According to the research conclusions, some policy recommenda-
tions were proposed to improve the total factor productivity of soybean in China.
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Fig. 1 Soybean carbon emissions and density in China’s major soybean producing areas in 2006 —2016
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3.2 HEXSEFEXBRHERERISEDS
#1455 IR ,2006 - 2016 4F K G HEiC R HE

FEHT AL 73 ) B e YT R 52, 40 o b 3

PR S HE R 14 59. 9% 9. 53% , =R R

A0y S AL M R o BR T MK (18.75% ) (1L T
(40% ) AL PY (26. 67% ) K G AR HEHCE H B K
A, AR TR SRR R AR B R R . Horp R
W B B KA Sy J IR, B Ol 40% o INIX SRR AL, R

XA KGR, 00 G K 3 R GM SRR VI T Rt ( - 19.81% ) , 7R &Rk HE
FETAR Y 50. 31% (10. 59% , G HF & e /N PIAS i/, FRERA2 ( -14.29% ) .
Fz1 2006-2016 FHEAXEEFFRELETREHRINE
Table 1 Soybean carbon emissions in various provinces and cities in China’s major
soybean producing areas in 2006 —2016 (10° t)
X Area 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016  ¥J{E Mean
4 Anhui 0.58 0.43 0.38 0.38 0.43 0.36 0.34 0.33 0.32 0.43 0.37 0.39
[t Hebei 0.26 0.26 0.23 0.25 0.18 0.17 0.12 0.14 0.19 0.21 0.22 0.20
¥ Henan 0.16 0.33 0.36 0.30 0.18 0.15 0.18 0.15 0.15 0.10 0.12 0.20
My T Heilongjiang 4.87 4. 66 4.98 5.41 4.93 4.38 3.86 3.51 3.61 3.25 3.96 4.31
MK Jilin 0.32 0.71 0.73 0.71 0. 68 0.54 0. 44 0. 46 0. 44 0.33 0. 38 0.52
iI 7 Liaoning 0.15 0.17 0.22 0.22 0.19 0.18 0.17 0.18 0.18 0.17 0.21 0.18
N2 Inner Mongolia 0.78 0.70 0.62 0.77 0. 84 0. 67 0.87 0.51 0.57 0.57 0. 66 0. 69
1% Shandong 0.17 0.16 0.17 0.17 0.17 0.15 0.15 0.14 0.14 0.14 0.13 0.15
1174 Shanxi 0.30 0.33 0.26 0.29 0.35 0.37 0.38 0.33 0.30 0.26 0.38 0.32
B VY Shaanxi 0.23 0.22 0.19 0.21 0.20 0.19 0.18 0.18 0.17 0.15 0.15 0.19
Hi JK Chongqing 0. 05 0.04 0.04 0.04 0.04 0. 05 0.04 0.04 0.02 0.02 0.03 0.04
P East 0.42 0.42 0. 40 0.42 0.35 0.32 0.27 0.28 0.33 0.35 0.36 0.36
Fr Central 1. 04 1.08 1. 00 0.98 0.95 0. 87 0.90 0. 80 0.76 0.79 0. 87 0.91
TGHE West 1. 06 0.96 0. 85 1.02 1. 08 0.91 1. 08 0.73 0.76 0.74 0. 85 0.91
%t Northeast 5.34 5.54 5.93 6.34 5.80 5.10 4.48 4.16 4.23 3.75 4.56 5.02
F2 2006 -2016 EFHREAEEF~XEETAEEFSSEPBEHHMEE
Table 2 Carbon emission density in soybean production in various provinces and cities in China’s major
soybean producing areas in 2006 - 2016 (kg-hm™?)
HuX Area 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 2016  J{H Mean

- Anhui 59.0 45.9 38.3 39.6 45.3 40.3 39.2 38.3 37.2 51.9 44.5 43.6
74t Hebei 120.9 136.6  122.0 147.9 124.3 122.0 97.3 109.6 156.2 181.1 209.8 138.9
7 Henan 29.2 70.0 73.3 65.2 39.2 33.3 39.4 33.3 36.4 26.9 33.6 43.6
My V1. Heilongjiang 114.7 122. 4 123.3 135.0 139.0 136.9 145.1 144.5 140. 3 135.4 137.3 134.0
T Jilin 132.7 160. 1 160. 3 163.0 180.7 177.5 193.0 215.6 206.5 203.1 191.0 180.3
iI 7* Liaoning 114.6 129.6 119.4 131.8 153.7 149.1 148.7 156.9 168.3 158. 1 161.6 144.7
M523 Tnner Mongolia 83.2 92.2 92.4 91.9 103. 4 97.4 140. 8 90. 4 112.2 107.1 108.0 101.7
1175 Shandong 91.5 94.4  103.8 108. 1 107.2 98.7 100. 8 98.2 93.6 102.8 101.7 100. 1
1174 Shanxi 137.7 153.1 127.6 149.4 179.7 184.6 188.2 164. 6 156.2 138. 1 197.7 161.5
B Shaanxi 123.6 122.7 102. 8 110.8 114.5 110.0 108. 7 117.8 149.9 136.2 137.7 121.3
H X Chongqing 69.9 59.0 51.2 41. 4 43.1 49.7 35.5 36.4 22.4 16.5 27.3 41.1
ZRH East 106.2  115.5 112.9 128.0 115.7 110. 4 99.0 103.9 124.9 141.9 155.8 119.5
rh#R Central 75.3 89.7 79.8 84.7 88.1 86. 1 88.9 78.7 76.6 72.3 91.9 82.9
PHE West 92.2 91.3 82.1 81.4 87.0 85.7 95.0 81.5 94.8 86.6 91.0 88.1
7Rt Northeast 120.7 137. 4 134.3 143.3 157.8 154.5 162.3 172. 4 171.7 165.6 163.3 153.0

M 2 AT LUF HY,2006 - 2016 47 H [ K5 3
DR 7 B HE il 9 B R MR B B O B BROED R
( =60.94% ) T2 R ( —24. 58% ) B HE L T

A HA AR Oyt HE % BE R A Tk s, Hode,
TR0 B fe K R (75.53% ), f /N SR 1L A&
(11.15% ) o fcHE S B B R R A48 13 S 75 ARORI
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Jo , RG AT ZE A 2 R R AR, 2R O Al HE s 3 i
TARBRATRNHILK .

£R3 2006 -2016 EFFEAREFFAFRELEBRZEFEMNE (M IEE)

Table 3 Total factor productivity measurement of major soybean producing areas in China in 2006 —2016( M index)

I [ TR e ) Ly AU Wk Ly e 7R 1P Bevt HEK ¥iE

Time Anhui  Hebei  Henan Heilongjiang  Jilin  Liaoning Inner Mongolia Shandong  Shanxi Shaanxi Chongqing  Mean
2006 —2007 1.085  0.873  0.988 0. 760 0.921 1. 008 1.074 0. 948 1. 057 1.037 1. 002 0.978
2007 -2008 1.063  0.913 1. 059 1.470 1.277 1.125 1.257 1. 089 0.917 1.024 2. 151 1.213
2008 -2009 1.135  0.925 1. 121 0. 850 0.855 0.888 0. 823 0.982 0.818 1.152 0. 622 0. 925
2009 -2010  0.963 1.069  0.984 1.294 1. 169 1.157 1. 845 0.926 1.223 1.072 1. 026 1. 157
2010 -2011  1.199 1. 106 1.112 1. 040 1. 044 1. 100 0.954 1. 055 1.179  0.874 0.981 1. 059
2011 -2012  1.062  0.933  0.79% 0.944 1.047  1.070 0.991 0. 987 1.008  1.041 1. 009 0. 990
2012 -2013 0. 864 1.012  1.152 0.984 0.889  0.933 1.308 0. 996 0.694  0.99%4 0.982 0. 983
2013 -2014  0.932 1.057  0.796 1. 194 0.935 0.710 1.227 1. 060 0.959  0.889 1.249 1. 001
2014 -2015  1.352  0.954 1.452 0.902 0.936  0.884 0. 839 0. 883 0.957 1.133 1.013 1.028
2015 -2016  0.916  0.902  0.865 0. 841 0.999 1.316 0. 689 0.999 1.125  0.927 0.925 0. 955
Y Mean  1.057  0.974 1.032 1. 028 1. 007 1.019 1. 101 0.993 0. 994 1.014 1. 096 1.029

F4 2006 -2016 FRAFARFREXTEFRLBREFEMH (ML 550
Table 4 Total factor productivity measurement of China’s major soybean producing areas
under carbon emission constraints in 2006 — 2016 ( ML index)

s ] L L N BIEIT. bR SIS e AR 117G (5] HIR ¥i{E

Time Anhui  Hebei  Henan Heilongjiang Jilin  Liaoning Inner Mongolia Shandong  Shanxi  Shaanxi Chongqing  Mean
2006 -2007 1.074 0.876  0.859 0.789 0.921  1.007 1.120 0.948  1.057 1.037  1.002  0.972
2007 -2008 1.070  0.913 1. 059 1.432 1.277 1.125 1. 129 1. 089 0. 956 1.024 2. 151 1.202
2008 -2009 1.107  0.925 1.112 0. 850 0.855 0.888 0. 841 0.982 0.818 1.138 0.622 0.922
2009 -2010  0.963 1.069  0.984 1.285 1.150 1.118 1.553 0. 926 1. 205 1.072 1. 026 1.123
2010 -2011  1.199 1. 100 1.112 1. 040 1. 044 1. 100 0.990 1. 058 1.175  0.881 0. 960 1. 060
2011 -2012  1.062 0.944  0.823 0. 944 1. 047 1.070 0.987 0.989 1. 008 1. 041 1. 061 0.998
2012 -2013 0.888 1.012 1.106 0.984 0.894  0.933 1.272 0. 996 0.721  0.99%4 0.982 0. 980
2013 -2014  0.927 1.048  0.836 1.192 0.935 0.738 1. 142 1. 054 0.959  0.889 1.249 0.997
2014 -2015 1.334 0.954 1.383 0.915 0.936  0.924 0. 839 0. 888 0.962 1.133 1.013 1. 026
2015 -2016  0.916  0.902  0.878 0. 849 0.999 1.241 0.732 0.993 1.114  0.928 0. 925 0.952
H4{E Mean 1.054 0.974 1.015 1. 028 1. 006 1.014 1. 060 0.992 0.998 1.014 1. 099 1.230
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Fig. 2 Trends in total factor productivity of major soybean producing areas in China in 2006 —2016

RS 20062016 FEAREFFTREEZREFTREBRKENHE

Table 5 Total factor productivity growth and decomposition of China’s major soybean producting areas in 2006 —2016

BRI 2 Rk Regardless of carbon emissions % JERIHET Consider carbon emissions
Time M MEFFCH MTECH ML MLEFFCH MLTECH
2006 —2007 0.9776 1. 0231 0. 9564 0.9719 1. 0262 0. 9476
2007 -2008 1.2132 1. 0293 1.1848 1.2024 1. 0056 1. 1960
2008 —2009 0.9248 0. 9853 0. 9387 0.9216 0. 9889 0.9318
2009 -2010 1.1571 1. 0509 1. 0960 1.1228 1.0313 1. 0862
2010 -2011 1. 0586 0. 9944 1. 0643 1. 0600 1. 0000 1. 0600
2011 -2012 0. 9896 0.9884 1. 0001 0.9979 0. 9920 1. 0051
2012 -2013 0. 9826 1.0189 0. 9621 0. 9802 1. 0083 0.9712
2013 -2014 1. 0008 0. 9633 1. 0355 0.9972 0.9733 1.0223
2014 -2015 1.0277 1. 0039 1. 0211 1. 0255 0. 9969 1. 0278
2015 -2016 0. 9549 1. 0440 0. 9140 0.9524 1.0372 0.9179
HJ{H Mean 1.0287 1. 0102 1.0173 1.0232 1. 0060 1. 0166

2 5 A A1,2006 - 2016 AFRRHEA LI AT
KOG EBRA TR 2.32% , Kb H AR
AEBIE K 0. 6% , TR H2 R BE AR K 1. 66%
XM, E KT 2R A R K E TR
BRI, H AR ORI 1K OR A B 3E 2006 -
2016 4EAN[A] fr BERR HE L 2 R T R E K O B R A
FERAFAE R KW 8N . 2006 — 2012 45 i HE ik 29 K
THERKGEBER A RIYE R 046 1, AEBHK
4.61% ,iX FEZARB AT RS2 (3.78% ), +%
ARECFEBEE R W (0.73% ) , 2013 -2016 4 HE
AT A K G AR R A 7 2 (A R0. 988 8, 4F
K 1.2% , X R 2R TR R B 2
1.6% T 2y, [F) B 5 AR B0CR 0 el 38 oK~ B
(0.39% )., L) 2006 —2012 4ERHEIR 25 T i E A

AR R AR E I I XA, (0.971 9 +
1.202 4 +0.921 6 +1.122 8 +1.060 0 +0.997 9)/6 =
1.046 1, U AE 34 K H (1.046 1 - 1) x 100% =
4.61% ,[AJ 3, THAF RS FEARRCE X e
r L AR A I il Ao A, AR ) e I 1 ) R
P& FAO Geit, AR AE - 28 M 120 kg-hm 2,
i b s e A 4K kR B AR A 5L
FIHZLE 60% ~T70% , i Hp E (LR 30% ~40%
4.3 HEXSELZEZEFEMNTEXIBIFMES T

FRYE M F5 50 ML 5 %5500 =X, f 8 AT 1)
P I S pRECRT I B 2006 — 2016 4F H [ R & 3 77 X
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A P R AR Ml DO - B, P SR K b, 4
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Table 6 Growth and decomposition of total factor productivity in China’s main soybean production areas in 2006 —2016

Hisk % EEHEN Regardless of carbon emissions % FETHERL Consider carbon emissions
Area M MEFFCH MTECH ML MLEFFCH MLTECH

8 Anhui 1.057 1. 000 1. 057 1. 054 1. 000 1. 054
Tt Heibei 0.974 1. 000 0.974 0.974 1. 000 0.974
{A/ ¥ Henan 1.032 1. 002 1.025 1.015 1. 001 1.012
2y 1. Heilongjiang 1.028 1. 000 1. 027 1.028 1. 000 1.027
bk Jilin 1.007 1.001 1.007 1. 006 1. 001 1. 006
T Liaoning 1.019 1.018 1.002 1.014 1.015 1. 001
P52 7 Inner Mongolia 1.101 1. 091 1. 001 1. 060 1. 050 1. 005
117 Shandong 0.993 1. 000 0.993 0.992 1. 000 0.992
1L P Shanxi 0. 994 1. 000 0. 994 0.998 1. 000 0.998
B P Shaanxi 1.014 1. 000 1.014 1.014 1. 000 1.014
& PK Chongqing 1. 096 1. 000 1. 096 1.099 1. 000 1. 099
2R East 0.983 1. 000 0.983 0.983 1. 000 0.983
T Central 1.028 1. 001 1.025 1.022 1. 000 1.021
PG West 1.070 1.030 1.037 1. 058 1.017 1. 039
%4t Northeast 1.018 1. 006 1.012 1.016 1. 005 1.011
HJ{f Mean 1.029 1.010 1.017 1.023 1. 006 1.017
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