REESRWEFER(PEY) 2024578 $£32% H7H
Chinese Journal of Eco-Agriculture, Jul. 2024, 32(7): 1109-1121

DOI: 10.12357/cjea.20230605

XUFE, X v Al 9T Rk D1 [) R4 K HSZ i AL IR (0], o B AR S R0l 244 (PR3 30), 2024, 32(7): 1109-1121
LIU S, LIU C. Synergistic effect of agricultural pollution reduction and carbon reduction and its influence mechanism in China[J].
Chinese Journal of Eco-Agriculture, 2024, 32(7): 1109-1121

o [ 7 Ml 3 55 B o e B S50 % L B M 4L R A 5

£ 1,2’ j'] [*75]2**

(1. AR R E o B 3 By FAJREE 150030; 2. ZRALRN KRS M2EpE /R 150030)

)

B OERVERGEEREBEHREFERL TGN EERER A, TAEARTLENT R EIRTLIEES R
FROBHEZ [E B TR R &, R R RO 7T BB I IR R R AL, B R L T R AR R, Nk, A XE LA
R, B RO R T PRt TR X RLABR A&, 2R T 2007—2021 4F 4 [ 30 & 10 AR 2L HE, AN E AR B AR iR
T 2R AR A 3ot RN TT B T TR SO R e L R AT S AT, SRR K R k. BERR A 1) ROLB T ek
B RN, R E IR TG Je 5 R AR HE R BB R R, SR M T8 IR 75 Je D B AR b 2 e K B D,
G RAATRAE VA A AL T N A AR AR B ST ; 2) ROk Ab 3 4 VROl Fe A5 4 R 9B v PR AR 1R B RL PR A B A
16 8 R, R Ak A R R S R B A R A B E R R R, RO B ML R A S AR R
B3 3) Ab 77 R b B T BB b B R B 7 X B B3, ROk b S A T e B G RN b o A R R A a
3677 Mo R b 8 55 BBt 1R 28 RL 77 A B 2 v R A R, R Mk AR SR A e Ab O X g b RO 5T Bt ]
BN P A 3 E AR . B, RO 95 BB T ] 2% R A EE
KR RV HIRET R, RLBREB R, REGFIHE; THELRE
hE 4% S: F323.7

Synergistic effect of agricultural pollution reduction and carbon
reduction and its influence mechanism in China’

LIU Shuang'?, LIU Chang””

(1. School of Marxism, Northeast Agricultural University, Harbin 150030, China; 2. School of Economics and Management, Northeast Agri-
cultural University, Harbin 150030, China)

Abstract: Agricultural non-point source pollution and carbon emissions pose significant environmental challenges for China’s agri-
cultural sector. Previous studies have overlooked the synergistic relationship between controlling agricultural non-point source pollu-
tion and reducing carbon emissions. They also failed to investigate the combined effect of reducing agricultural pollution and carbon
emissions as well as the mechanisms that influence this effect. This oversight has had an impact on the sustainable development of ag-
riculture. This study empirically examined the synergistic effect of reducing agricultural pollution and carbon emissions using panel
data collected from 30 Chinese provinces from 2007 to 2021. This study utilized a dual-fixed effect regression model and regulatory
effect model to analyze the influencing mechanism of this synergistic effect. In addition, this study explored the regional heterogen-
eity of this phenomenon. The results show that: 1) a synergistic effect on agricultural pollution reduction and carbon reduction and a
significant synergistic relationship between agricultural nonpoint source pollution and agricultural carbon emissions exist. When agri-
cultural non-point source pollution is reduced, agricultural carbon emissions will also be significantly reduced, and this result is still
valid after robustness test and endogeneity treatment; 2) the consumption structure of agricultural chemical materials have a signific-
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ant negative adjustment effect on the synergistic effect of agricultural pollution reduction and carbon reduction, the use efficiency of
agricultural chemical materials has a significant positive adjustment effect on agricultural planting structure, and the agricultural in-
vestment scale has a negative adjustment effect but not significant; 3) the northern agricultural pollution reduction carbon synergistic
effect is more significant than that of the southern region, agricultural chemical materials consumption structure and use efficiency of
agricultural chemical materials of the northern agricultural pollution reduction carbon reduction synergistic effect produce significant
negative regulation effect, agricultural planting structure has a significant positive regulating effect on the synergistic effect of agricul-
tural pollution reduction, and carbon reduction in both northern and southern regions. Therefore, this paper presents several recom-
mendations. 1) In the context of agricultural environmental pollution control, it is crucial to prioritize the issue of agricultural chemic-
al materials and implement strategies to minimize their irrational usage. 2) Upholding the grain production threshold and fostering
large-scale environmentally sustainable grain production is imperative. 3) Increasing investment in the agricultural sector and provid-
ing guidance for modernizing agricultural practices is imperative. 4) Implementing differentiated agricultural development strategies.
Compared with other studies, the marginal contributions of this study are as follows: 1) it proposes the concept of the synergistic ef-
fect of agricultural pollution reduction and carbon reduction, analyzes the specific synergistic effect of agricultural pollution reduc-
tion and carbon reduction, and discusses the possibility of a synergistic solution between agricultural non-point source pollution and
agricultural carbon emissions; 2) the mechanism of the synergistic effect of agricultural pollution reduction and carbon reduction is
further discussed; 3) the synergistic effects of agricultural pollution and carbon reduction in different regions and their influencing
mechanisms were analyzed.

Keywords: Agricultural non-point source pollution; Agricultural carbon emission; Synergistic effect; Agricultural chemical materi-

als; Sustainable development
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Fig. 1 Schematic diagram of the relationship between agricultural non-point source pollution and agricultural carbon emission
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Table 1 Variables of synergies effect of agricultural pollution reduction and carbon reduction
AR AR AR M7k HE iz
Type of variable Variable name Measuring method Mean Standard deviation
WAL Al e A= 9CO, . CHy. N,OZ A 2.21E+07 1.56E+07
Explained variable Agricultural carbon emissions Sum of CO,, CH, and N,O produced by agricultural
(t) production
bR Al 5 PTG et . ARZG TG Y AR R A 1.25E+06 9.50E+05
Explanatory variable ~ Agricultural non-point source pollution Total amount of chemical fertilizer pollution, pesticide
(t) pollution and agricultural film residues
PH AR P AL ER B LY AEHEE I /(PN P S+ A 24 (8 e 0.92 0.04
Regulated variable Consumption structure of agricultural i FH )
chemicals Fertilizer application amount / (chemical fertilizer
application amount + pesticide use amount +
agricultural film use amount)
RV FHEZE R MR RERI TR AAE D R 1 AR 0.65 0.14
Agricultural planting structure Grain sown area / crop sown area
AL B RR A PG R 2 AR BT 5.44E-04 1.96E-04
Use efficiency of agricultural chemical Agricultural output value / (fertilizer application
materials amount + pesticide use amount + agricultural film use
(x10°%t™) amount)
Al BT ok 5530 458.76 296.19
Scale of agricultural investment Expenditure on agriculture, forestry and water
(x10°¥) conservancy affairs
Ecieey Aelb i A FHECRZES) 984.68 731.91
Controlled variable Agricultural (gutput value Agricultural output value (unconstant price)
(x10"¥)
Rl R (DX /4 [ ARl T D)/ (X A= 7 B 42 1.21 0.70
Agricultural aggregation level A= )
(Regional agricultural output value / national
agricultural output value) / (regional GDP / national
GDP)
He X7l 254 S A X A R 0.10 0.05
Regional industrial structure Added value of the primary industry / regional GDP
QFFSHAR & K I P& I AR 52996.78 94 564.67
Innovation and technology Number of granted domestic patent applications
development level
A SRR IR REST T M BT S 0.03 0.01
Regulation of ecological environment  Expenditure on environmental protection and energy
conservation / total fiscal budget expenditure
ZRA ARl 32 IRV B AP AR 0.20 0.33
Disaster rate Agricultural affected area / total sown area of crops
g 1.40E+06 1 2.35E+07
S -
'S 1.35E+06 - 2.30E+07 =
= =
& 1.30E+06 | 4 2258107
s .2
2 5 1258406 - 4 2208+07 & §
Ly ¥ =
ES'E 1.20E+06 |- 4 2.15B+07 ¥ £
= S = 8§
= 1.1SE+06 =4 2.10E+07 K =
&g 5
= LI0E+06 < 2.05E+07 E
E g
S 1.OSE+06 |- 4 2.00E+07 2
g=
& 1.00E+06 1.95E+07
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B2 20072021 ERVERS RS RUBHREETLE
Fig. 2 Evolution process of agricultural non-point source pollution and agricultural carbon emissions from 2007 to 2021
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Table 2 Estimates of synergies effect of agricultural pollution reduction and carbon reduction

LV HERL Agricultural carbon emissions

BEAI(1) B(2) BR(3) B(4) RO BE(6) BiI(7)
Model (1) Model (2) Model (3) Model (4) Model (5) Model (6) Model (7)
VET5 Yy . - . . . . .
Agriculﬁiklﬁ)/f:;{)?)?;t source 0.62 0.77 0.73 1.01 0.63 0.62 0.58
pollution (0.05) (0.04) (0.05) (0.12) (0.04) (0.05) (0.05)
“EMR T sk . . " .
;Cii ﬁsznjj?;iﬁf&fgf —-0.04 -0.07 —-0.04 —0.04 —0.05 -0.05
agricultural chemicals (0.03) 0.02) (0.05) 0.02) (0.03) (0.03)
Y& ] 0.07™ 0.03 -0.01 0.07"" 0.07™ 0.08™
Agricultural planting structure (0.02) (0.02) (0.04) (0.02) (0.02) (0.02)
2L % A FH G 3% . . . - . .
Ufgfkffg;%%f%gfﬁl]j@ -0.07 -0.07 -0.28 —-0.06 -0.07 —-0.06
chemical materials (0.02) (0.02) (0.08) (0.02) (0.02) (0.02)
AR AR 0.09™ 0.03" 0.25™ 0.09™ 0.09™ 0.10"
Scale of agricultural investment (0.02) (0.01) (0.06) (0.01) (0.02) (0.02)
Pl As &
Controlled variable Yes No No Yes Yes Yes Yes
HH 0.29™" 021" 027" 0.20™" 0.29™ 0317 0.31""
Constant (0.03) (0.01) (0.03) (0.05) (0.03) (0.03) (0.03)
FURITES
Observations 450 450 450 450 450 435 420
R 0.61 0.55 0.57 0.76 0.61 0.61 0.58
b DX [ 5 2500
Regional fixed effect Yes Yes Yes No Yes Yes Yes
FF [ i1 7 R0
Time fixed effect Yes Yes Yes No No Yes Yes
X
s 30 30 30 30 29 30

Number of area

wax RO SIR IR 1% . 5% 10%AY 35 K, 365 N ARifER 22, *** ** and * indicate significance levels of 1%, 5% and 10%, respectively,
with standard errors in parentheses.
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Table 3 The instrumental variable model estimation results

Al I T e A BEHEL
Agricultural widespread pollution Agricultural carbon emissions
Al T8 75 Y J5 — (T H B ) 0.98™" 0.57"
Agricultural non-point source pollution lag phase one (tool variable) (0.02) (0.05)
il ZE it Controlled variable Yes Yes
HBIX [ 7E 34N Regional fixed effect Yes Yes
At 18] [ 22 200 Time fixed effect Yes Yes

R4 RS BERR I E) SRR R AML I S 4T 45 R

Table 4 Results of synergistic mechanism of agricultural pollution reduction and carbon reduction

LV AR HERL Agricultural carbon emissions

FEAI(1) Bizl(2) KIAY(3) iz (4) EAY(5) (LRI
Model (1) Model (2) Model (3) Model (4) Model (5) Model (6)
el TS e 2.86 0.80 37.52 2.76 2.86 2.47
Agricultural non-point source pollution (0.83) (0.08) (2.60) (0.80) (0.85) (0.82)
RV AL R b -0.29 —0.24 —1.45 —0.29 -0.29 —0.31
Consumption structure of agricultural chemicals (0.05) (0.04) (0.11) (0.05) (0.05) (0.05)
RIS 0.12 0.11 0.03 0.12 0.12 0.14
Agricultural planting structure (0.03) 0.02) (0.03) (0.02) 0.03) (0.03)
Rl Ak o R 1.22 —-0.07 21.16 1.15 1.22 1.01
Use efficiency of agricultural chemical materials (0.49) (0.04) (1.53) (0.47) (0.50) (0.49)
Sl B AL 0.08 0.06 0.24 0.07 0.08 0.09
Scale of agricultural investment (0.02) (0.02) (0.05) (0.01) (0.02) (0.02)
el Ao e g kA IR TS 027" -0.23" -1.08™ -0.27" -027" -0.29™
Consumption structure of agricultural chemicals x
agricultural non-point source pollution (0.04) (0.04) (0.09) (0.04) (0.05) (0.04)
AV FHEEE F Al TR TS 0.07" 0.06™ 0.04 0.06™ 0.07" 0.08"
Agricultural planting structurexagricultural
non-point source pollution (0.02) (0.02) (0.05) (0.02) (0.02) (0.02)
ol A A A R T 1.28” -0.05 22,13 1.22" 128" 1.05"
Use efficiency of agricultural chemical materials x
agricultural non-point source pollution (0.51) (0.04) (1.58) (0.49) 0.52) (0.50)
AP TR Al TR TS e -0.04 -0.04 —0.44"" -0.03 —0.04 -0.03
Scale of agricultural investment x agricultural
non-point source pollution (0.02) (0.02) (0.07) (0.02) (0.03) (0.03)
s it
Controlled variable Yes No Yes Yes Yes Yes
. - 0.43™ -19.38" - - -
A 0.75 0.70 0.75 0.52
Constant (0.46) (0.05) (1.41) (0.44) (0.47) (0.46)
UM
M’U‘Jﬁ' 450 450 450 450 435 420
Observations
R 0.64 0.61 0.85 0.64 0.62 0.63
b DX R K
Regional fixed effect Yes Yes No Yes Yes Yes
P ][5 5 217
Time fixed effect Yes Yes No No Yes Yes
X
SRS 30 30 30 30 30

Number of area
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Table 5 Heterogeneity results of the synergistic mechanisms of pollution reduction and carbon reduction in agriculture

Al BHERL Agricultural carbon emissions

BER(1) BI(2) FER1(3) il (4)
Model (1) Model (2) Model (3) Model (4)
e FIE 0.95™ -0.76 0.32" 3.30°
Agricultural non-point source pollution (0.04) (0.64) (0.11) (1.98)
Fel ALY B Lty -0.09 -0.16 0.22 0.21
Consumption structure of agricultural chemicals (0.02) (0.03) (0.07) (0.12)
el Rt L —0.01 —0.01 0.22"" 0.22"
Agricultural planting structure (0.02) (0.02) (0.05) (0.05)
AL 004 100 009 158
Use efficiency of agricultural chemical materials (0.02) (0.38) (0.04) (1.18)
AR AR ~0.02 —0.03" 0.02 0.07"
Scale of agricultural investment (0.02) (0.02) (0.03) (0.03)
ANV W B e Ak AN TR TS -0.13"" 0.18
Consumption structure of agricultural chemicals x agricultural
non-point source pollution (0.03) 0.11)
Al TR S F Al TR T 0.03’ 023"
Agricultural planting structure x agricultural non-point source
pollution (0.02) (0.04)
ANV AR IR Al RS -1.09™" 1.80
Use efficiency of agricultural chemical materials x agricultural
non-point source pollution (0.39) (1.19)
AN BB A T P Y 0.03 -0.03
Scale of agricultural investment x agricultural non-point source
pollution (0.02) (0.05)
F s it
Controlled variable Yes Yes Yes Yes
R 0.12" 121" 0.14 ~1.74
t
Constan (0.02) (0.35) (0.09) (1.06)
(AN
Ob?;tja{t?ions 225 225 225 225
R 0.91 0.92 0.53 0.61
b DX 7 AT
Regional fixed effect Yes Yes Yes Yes
P[] i 5 54 o7
Time fixed effect Yes Yes Yes Yes
b XRC
Number of area 15 15 15 15
X JEJ7HBIX Northern regi FIJ7HBIX. Southern regi
Region i orthern region FAJT outhern region

) fiff e o A 5% B8 A Ml U 75 e e I T) 2550 AR
FEIE AR AE M, L HE— 251518 52 i B R X5
g

AWFFE 43 HT K B 2007—2021 4[] 4\l 17 Y 75 G
Sl Bk HE LR e TS B X 5 B A e
SEIARAL, R B O bR A R ] A, R S AR
SRR [ R EOR R4 T AR

I3 BT R AR REAE A Ak 2= Wy B {25 4 v o e
TR S D AR b e HE R, 33X R H AR IR I R HE R
BRI BEAI%, AE 3 IR sk Aol A = 8 vh 2 F Ak

IES, T 52 A 5 0 g 1 e R A B, A B Xl e ) 5 Ak
FAXT T [ S5 SR A 2l | R I, 7l
A R, EEAAALIE . K2y R RS P E
. I35k, Al B BB B R 2 IR aHE L, X
A BERE A B G BY IR, HEm T
AT B BT I AL BA A, H RO 1 A
TE M, A T3R5 R

S0 DX I S B R 5, A O DX 9T A Ak B ] 2%
IO ZRBCEE A, R WAL Ty b DXCRE sl 2D Al Ak 27 ) %
LA BB ] S5 BRA M 975 e F AR T 3R a2 iR AL
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reduction in China’s agriculture
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Fig. 3 Schematic diagram of the influence mechanism of synergistic effect of agricultural pollution reduction and carbon reduction
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