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Quantitative assessment, dynamic evolution, and spatial
spillover effects of carbon productivity and carbon efficiency
in China’s livestock industry

WU Qiang, WANG Ziyu, CHEN Jinlan®
(School of Economy and Management, Shandong Agricultural University, Tai’an 271001, China)

Abstract This study aimed to accurately assess the carbon efficiency of China’s animal husbandry and reveal
its evolution patterns and influencing factors. Based on the panel data of 31 provinces (municipalities and
autonomous regions) in China from 2007 to 2023 (the statistical data do not include Hong Kong, Macao and
Taiwan regions. The same below), the current characteristics, dynamic evolution laws and spatial spillover
effects of carbon efficiency in China’s animal husbandry were analyzed using carbon emission coefficient, Kernel
density estimation, Markov chain and spatial Durbin model, and its influencing factors were also explored. The
results show that: 1) From 2007 to 2023, the carbon efficiency of China’s animal husbandry has risen in a
fluctuating manner. Based on the evolution characteristics of carbon efficiency, the evolution process of the

national animal husbandry carbon efficiency can be roughly divided into four stages: medium speed, low speed,
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high growth, and fluctuating decline. 2) The carbon efficiency of animal husbandry in various provinces shows
an "unbalanced" feature. The overall carbon efficiency of animal husbandry shows a "high in the east and low
in the west" stepwise distribution pattern. The highest is in Jiangsu, while Xizang and Qinghai are the lowest.
Compared with the beginning of the period, the carbon efficiency of all provinces except Shanghai has increased,
while Xizang has the largest increase. 3) During the research period, the evolution process of carbon efficiency
in animal husbandry showed agglomeration characteristics and a trend of two-level differentiation, and
simultaneously demonstrated path dependence and proximity effects. 4) The level of industrial agglomeration
has a U-shaped relationship with the carbon efficiency of animal husbandry, and the level of industrial
agglomeration has a significant spatial spillover effect. The improvement of environmental regulation level,
urbanization level and animal husbandry science and technology level has a promoting effect on the carbon
efficiency of animal husbandry, while the income level of farmers has the opposite effect. Meanwhile, the level

of urbanization shows a negative spatial spillover effect, while the income level of farmers is the opposite.
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Fig. 1 Driving factors of carbon productivity and carbon efficiency in animal husbandry and their spatial effects
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Table 1 Statistical characteristics of each indicator
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Fig. 2 China’s greenhouse gas emissions and carbon efficiency
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Table 2 China’s 31 provinces (municipalities) livestock carbon efficiency

and ranking in 2023

JE R (X380 A D AR/ (T IE/0 HE
Level (Region) Province (City) Productivity Ranking

7L I3 Jiangsu 2.93 1
kk#g‘*’(/\“ X -
» EU\ iFéBﬂﬁE). 1% 2 Fujian 2.32 2
First tier ( Eastern region)

Wi 1T Zhejiang 2.16 3

%L Anhui 1.95 4
B )R IR AR IX O 3D

7R Shand 1.92 5

Second tier (Mainly eastern region) i Shandong

] 7R Guangdong 1. 89 6

Jt 5 Beijing 1.48 7
S =R R P X O 32D ; .

] Hub 1.43 8
Third tier (Mainly eastern and central regions) B Hubei

[ Jt Hebei 1.37 9
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Level (Region) Province (City) Productivity Ranking
71 7 Henan 1.35 10
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3.2 FEBFHRUKREENISEH
3.2.1 FH LB EHyHHEEH Kernel % Lor igg(gﬁ
LI Zos i
A 5T R M Kernel % JE Ak 11 J7 ¥ 23 #r X d i §’
P 7 R K A 04 0 B O TR R 5 5%
AT AN 3 Iz o AU = 1) DA i U i) 50 A %0.4-
H T IS 7 O B B 1 R L 1 R B |
G ARERN A, FEAEEABEH A s
o o A $r$20075ﬁﬁﬁ05|}ﬁl_ﬁ 0 i 3 3

2023 Jf:'“: E/J 1.0 M]Ll_{:i ﬁﬁ 2007 i'—:}[] 2023 Jf:'“:é . ﬁﬁ%ﬁ%z/(ﬁﬂ?/l) Carbon efficiency
B3 hEE Bl R R B Kernel 2 B i 25 B

7 Ol e R B F 2 B4 5 9 0,50 AL 06, 3 i - . -
ig. 3 Kernel density curve of carbon productivity and
W e I Al B R RE VR KT AE B T 5 20 53 A il carbon efficiency in China’s animal husbandry
28 1 T8 BE LRI N, A 2007 4F 19 0. 02~1. 62 & Ji& %]
2023 4F 19 0. 07~2. 93, Ho 8 Mol B AR Z B AE A AR BT A9 A8 03 1) (¥ 22 15 1E 78 38 25 R K, W5 % 43
Wiy ok, B E Bl sk R B m A S E ROk B R e,



254 0 LN ES I Y NS S 4

2026 4F 55 31 %

3.2.2 FH LB EH N & EE—Markov 4
ST R

DA% Markov 555387 . £ 48 Markov % I 5525 5
W3R AL THCL 250 30, EXAL F i
TCRBR TR ML LT ER  IF HIaZx Ak Eryick
JEE N 0. 97, F/INEE R 0. 54, 3X F W & BOW FRECR A
RSB MR =0 0. 54 DL B3 K T 3 Holk g R
AR AR RS, BRI I, 38 Rl e 35 % A7 )
VA FAE 7 AFNH AR KRR, 2 G R A g A
HAPE . H2S THCAFS I, AL EICRIFIERAKR
TAEX Lot R R IR 250 1 BRI FRGE H7 A 13

i, DO A PO BRI 22 R A e B s QAR X 2
WA ARECR WA FI0R I HART LR R ML,
T2 TC R AT B 0] A2, BT DX I Ol R AR R
AIRETEAR SR 225 A Rk AR e A% O By R RS B R
FERT 0] T HER HOMEAR , ] o [ 3 Ol e R A 1] B
1o A R (ELBEACR R AT RESE BB AR 7 A Y BR AT 5 B
1 7K M X R 5 AR E B R B AR 0. 94, 18] R A2 1Y
I KN 0. 06, 1 W1 3 BOI B R385 7KCF ML IXAT A
A [R5 fER K P 3t XA AN TR, P Ty 26 78
HIRERZE A 0. 83, 1) 3 7K R R R Bre i 4 0. 18,
X eI X AR T e AR B B

R3 HEFH BRI ERNE S Markov BT E

Table 3 Traditional Markov transition probabilities of carbon productivity and carbon efficiency in China’s animal husbandry

B I V) B 7/ 4 25 {8 LRE(S s =
Time intervals Category Low Low-medium Medium-high High
ik 0.88 0.13 0.00 0.00
. I 0. 00 0. 80 0.19 0.02
ik 0.00 0.02 0. 80 0.19
5 0.00 0.01 0.02 0.97
{8 0.88 0.13 0.00 0.00
) SRS 0.00 0.63 0.34 0.04
Lik= 0.00 0. 04 0.68 0.28
5 0.00 0.00 0.04 0.96
LIS 0.88 0.13 0.00 0.00
; SRS 0. 00 0.54 0.39 0.07
e 0. 00 0.04 0. 64 0.32
=1 0.00 0.00 0.04 0.96
LIS 0.83 0.17 0.00 0.00
A SRS 0.00 0.42 0.48 0.10
s 0. 00 0.02 0.59 0.39
[ 0. 00 0.00 0.05 0.95
(LIS 0.83 0.18 0.00 0.00
. SRS 0.00 0.34 0.51 0.15
e 0.00 0.01 0.55 0.44

= 0.00

0.00

o
o

.06

o
o

.94

2) 73 [8] Markov 570 #r o 5 i 25 6] SR K, A [
O BRSO I R LR R B IR 4 R . AT L. @©
A TA] DX 57 T B X3 O B R R B RS 1 5 1] 5
JEWA—FE . DL KT 31X A 408 6 i DX A AR 7 23 o)
R R AT REME O, T HL i AT RE A i b X Ak A=
R A R R . i, G 5ARRT, DL K

S Hiy XSk &0 B R AIG ZK ST H X ) e B 1 A R K
0. 60, 244 Ja " A5 SRy i AR K P B 2% i X 1) L 55 7% 1Y)
WER I 2 0. 62, I HLA 0. 08 A4 5 1] 25 /K -2 771
R T AR R U s KO B 2 b DR A
RIS Yo A BRAT O ME S 3 28 0. 47, 3K U6 A “ 45 8 7 11
23 [H) 200 7 X3 I B R i 3 K e f R T
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Table 4 Comparative analysis of spatial transfer probability of carbon efficiency in China’s animal husbandry

under different regional backgrounds

T=1%BHE

T=5 MM %

Rbﬁ%% B 5K T=1 Transition probability T=15 Transition probability
Regional Self-t
background o YP¢ f§ GRS g = 1% SRS g I
Low Low-medium Medium-high  High Low  Low-medium Medium-high  High
ik 0.84 0.16 0.00 0.00  0.83 0.17 0.00 0.00
1% Sk 0.00 0.71 0.29 0.00  0.00 0.40 0.60 0.00
Low Gl 0.00 0.00 1.00 0.00  0.00 0.00 0.80 0.20
[ 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0. 00
1% 0.96 0.04 0.00 0.00  0.80 0.20 0.00 0. 00
Tﬁ CRE(ES 0.00 0.77 0.21 0.02  0.00 0. 30 0.62 0.08
_OW-
- el 0.00 0.00 0.69 0.31  0.00 0.00 0.42 0.58
medium
[ 0.00 0.20 0.20 0.60  0.00 0.00 0.00 1.00
i 1.00 0.00 0.00 0.00  0.00 0.00 0.00 0. 00
EP'%_ SIS 0.00 0.79 0.17 0.04  0.00 0.37 0.16 0.47
Medium- L
high i 0.00 0.00 0.76 0.24  0.00 0.00 0.56 0.44
= 0.00 0.00 0.02 0.98  0.00 0.00 0.00 1.00
s 0.00 0.00 0.00 0.00  0.00 0.00 0.00 0. 00
= SER(ES 0.00 0.94 0.06 0.00  0.00 0.33 0.67 0. 00
High SRk 0.00 0.07 0.86 0.07  0.00 0.06 0.53 0.41
= 0.00 0.00 0.00 1.00  0.00 0.00 0.10 0. 90

T DTS S AR P AR L P s R B LU L R KT B X T 4R

Note: Low, low-medium, medium-high, and high represent the regional context of the neighboring areas at low, low-medium, medium-high,

and high levels, respectively.
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Table 5 Spatial durbin model regression results of the impact of various factors on carbon productivity and carbon

efficiency in China’s animal husbandry

[T CVE]
A Regression I Regression II

Variable R 253t P R 253t it Piii

Coefficient Z statistic P value Coefficient Z statistic P value
TAL —0.414™ —3.210 0.001 —0.288" —1.980 0.047
IAL? 0.070™ 3. 110 0.002 0.048 1. 800 0.072
AIS 0.251 0.740 0.456 0.221 0. 860 0.392
ERL 0.015 1.700 0.089 0.005 0. 690 0.491
API —1.298" —2.090 0.037 —0.685 —0.990 0. 322
FIL —0.000™ —3.430 0.001 —0.000™ —2.520 0.012
UL 1.507" 2.400 0.017 2.000™ 2.130 0.033
LST 0.005™ 2.650 0.008 0.005™ 2.210 0.027
0 0.408™ 3.690 0. 000 0.476™ 5. 950 0. 000
R’ 0.6165 0. 5952

VE ¢ [0SR ] 050 053 550 % 107 5 T s S8R g 24 i) A 6 A 25 i) 908 0 AS o 6L Iy i 98 2R o o 43 AR 3R 106,524 1026

RTE -2/  S N Ci

Note: Regressions I and II correspond to the regression results based on the spatial weight matrix of geographical distance and the

spatial weight matrix of spatial adjacency, respectively. *¥*, ¥ and * represent significance levels of 1%, 5% and 10%,

respectively. The same below.
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Table 6 Direct and indirect effects of each variable on carbon productivity and carbon efficiency in China’s animal husbandry

R 1] 2 2 i SR
g Direct effect Indirect effect Total effect
Variable R T T 3 T

Coefficient T value Coefficient T value Coefficient T value
IAL —0.478" —4.510 —3.219” —2.230 —3.696" —2.540
TAL2 0.085™ 4.390 0.705™ 2.640 0.790™ 2.950
AIS 0.251 0.720 —0.301 —0.380 —0.049 —0.060
ERL 0.016 1.900 0.043 0.740 0.059 1.020
API —1.100" —1.990 3.875 1.300 2.775 0. 950
FIL —0.000™ —3.290 0.000™ 3.510 0.000™ 2.850
UL 1.443" 2.180 —5.122™ —3.010 —3.679” —2.320
LST 0.005™ 2.580 —0.000 —0.120 0.005™ 2.080
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