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Evolutionary characteristics and influencing factors of total
factor carbon productivity of animal husbandry in China
based on the three—stage super—efficiency SBM—-GML model

DU Ruirui', WU Hao', HE Ting', NING Xinyi', ZHAO Minjuan"*
(1. College of Economic and Management, Northwest A&F University, Yangling 712100, China;

2. Xi’an University of Finance and Economics, Xi’an 710100, China)

Abstract To accurately evaluate the low-carbon production performance of animal husbandry and reveal its
spatial-temporal differentiation characteristics and influencing factors, based on the three-stage super-
efficiency SBM and GML index, the total factor carbon productivity in animal husbandry and its influencing
factors were determined and analyzed in 31 provinces in China from 2001 to 2020(The data do not include
those of Hong Kong, Macao and Taiwan regions. The same below). A panel regression model was used to
reveal further the bias and effect of technological progress, technical efficiency, and scale efficiency

changes on improving input-output in animal husbandry. The results showed that: 1) China’s low-carbon
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production efficiency in animal husbandry achieved an average annual growth rate of 3. 33%, but the overall
level was not high (0.695) and the regional differences were obvious, showing a pattern of "South China >
Huang-Huai-Hai >Northeast >Qinghai-Tibet >Middle-lower Yangtze River >>Northwest and along the
Great Wall >Southwest"; 2) The growth of total factor carbon productivity in China’s animal husbandry
industry is mainly due to technological progress and economies of scale, and the low efficiency of labor
input and carbon emission is the main reason for the deviation of total factor carbon productivity from the
production frontier; 3) The current technological progress in animal husbandry tends to promote intensive
utilization of factors and has no significant impact on carbon emission efficiency, while the technical
efficiency has a significant positive impact on the improvement of carbon emission efficiency in animal
husbandry; 4) Economic development, government support, animal husbandry industry structure and
scientific and technological innovation all have significant effects on total factor carbon productivity of animal
husbandry.

Keywords animal husbandry carbon emissions; total factor carbon productivity; three-stage DEA model;
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Fig.1 Spatial distribution of low-carbon production efficiency in the first stage of animal husbandry in China
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Table 2 Results of the second stage SFA regression model

AR 57 3 SR AR it
Variable Labor slack
H R 88. 492
Constant term (21.980)
2% KRR T —8. 907
Economic development level (0. 804>
Bl 77 i 5 45 64. 6195
Industrial structure (23.765)
BN S ) B — 6. 1045
Government support (1.407)
B A K 17. 083
Technological innovation (3.737)
, 65 995. 21 1%
7 (1.007)
y 0. 881 ***
(0.007)
Log likelihood function —3726.707
LR test of the one-sided error 711.992%*x*

A AR D Hh T FE AL b
Capital slack Intermediate consumption slack
—129. 232%%** —0.912
(11.514> (1.763)
4. 6945 0.033
(0.494> (0.072)
29.985%x* — 4. 477*x
(14.831) (2.317)
6. 410%x 0. 148%*
(0.868) (0.068)
— 14. 025%** —0.676%
(2.738) (0.397)
10 448. 487*x** 687. 21 5%
(1.014> (157.602)
0. 655%** 0. 896***
(0.020) (0.025)
—3 464. 026 —2 264.559
244 591 %k 762. 520k

T o e 0 RIRTE 100520 106 KPR RE. TR

Note: *, ** and *** indicate the significate level of 10%,5% and 1%, respectively. The same below.
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Fig. 2 Spatial distribution of low-carbon production efficiency in the third stage of animal husbandry in China
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Table 3 Average input-output efficiency of animal husbandry in China from 2001 to 2020

A -7= 3% Input-output efficiency

X 45§, B
Region Province EEsIp| AN i) 915 #E Tk HE ik
Labor Capital Intermediate consumption ~ Carbon emissions

LT 0.828 0.996 0.956 0.791
ARAEIX GRS 0.683 0.928 0.868 0. 602
Northeast BT 0.637 0.936 0.952 0.608
HME 0.716 0.953 0.925 0.667
it 0. 999 1. 000 0.983 1. 000
1L 0.839 0.991 0.821 0. 864
Wi 0.924 0.957 0. 631 0.59%
AL R IX LR 0. 527 0.922 0.816 0.661

Middle-lower
Yangtze River AN} 0.832 0.907 0.711 0.362
el 0.561 0.938 0. 940 0. 496
i we 0.538 0.870 0.496 0. 246
#E 0.746 0.941 0.771 0.603
i 7 0.946 0.936 0. 564 0.466
e Ix IR 0. 740 0.994 0. 822 0.766
South China g 0.999 0.999 1.000 0. 909
B 0.895 0.976 0.795 0.714
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Bt P A -7 AR Input-output efficiency
Region Province 5780y AN CRIEIRERES T HE T
Labor Capital Intermediate consumption  Carbon emissions

7 % 1. 000 0.997 0.993 0.924
iiii—i‘ibet i 1. 000 0.999 1. 000 0.578
¥ 1. 000 0.998 0.996 0.751
P 0. 459 0.921 0.941 0.534
il 0.943 0.991 0.858 0.635
PR X P 1| 0. 385 0.955 0.812 0.326
Southwest Bt 0.643 0.904 0.734 0.166
=T 0. 554 0.856 0.638 0.174
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Bk P 0.914 0.895 0.708 0.317
Hl 0. 848 0.967 0.977 0.177

Pk S ik
V2 X 1y 0.904 0. 866 0. 865 0. 359
Northwest and Sy 0.752 0.877 0.785 0.192
ii/";f the Great gy 1.000 0. 999 0. 994 0. 890
o 0. 980 0.961 0. 858 0.283
St 0. 900 0.928 0.865 0.370
B[ 1. 000 1. 000 0.915 0.933
Ko 0. 946 0.990 0.983 0.944
W X Tt 0. 505 0.820 0. 646 0.432
Huang-Huai-Hai j; 0. 868 1.000 0.968 0.836
T 0. 605 0.968 0.929 0.478
HE 0.785 0.956 0.888 0.725
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Table 4 Regression results of the total factor carbon productivity

growth mechanism of animal husbandry in China

B -7 A Input-output efficiency

Veable | OB VLR o) e it
Labor Capital Intermediate consumption  Carbon emissions
i 0. 759%** (. 830%%** 0. 510%*x* 0. 604*x*
Constant term (0. 119) (0.067) (0.137) (0.274)
PEC 0. 096%* 0. 07 1#xx* 0. 227 0.233**
’ (0.05D (0.022) (0.062) (0.107)
SEC 0. 027 0.033 0. 130%*x* 0.044
o (0.034) (0.022) (0.044) (0.090)
TC 0. 123*%* 0. 059 0. 131 5xx* 0.156
’ (0.057) (0.024) (0.042) (0.098)

T 355 O R bR iR

Note: Robust standard errors are in parentheses.
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