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Abstract; In the context of low-carbon transformation in agriculture, accurately understanding the spatio-temporal evolution
of carbon effects and the characteristics of carbon equity in grain cultivation is crucial for achieving regional ecological
justice. Based on provincial panel data from 2000 to 2021, the carbon emission factor method was used to measure and
analyze the spatial and temporal characteristics of carbon effects in food cultivation across 30 provinces, municipalities, and
regions in China. At the same time, the kernel density estimation method was applied to explore the dynamic evolution of
carbon effects. Furthermore, this paper employed the Dagum Gini coefficient method to characterize and deconstruct the
equity of net carbon sinks in nationwide food cultivation based on the net carbon sink intensity index. The following key
findings are revealed: (1) From the perspective of spatial and temporal characteristics, the total net carbon sink of the
grain farming industry fluctuated and rose during the investigation period. Notably, it exhibited a spatial pattern of “low in

the west and high in the east, low in the south and high in the north”, accompanied by the obvious “Matthew effect”.
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Additionally, straw burning and corn gradually emerged as the primary carbon source and carbon sink. (2) From the
perspective of the evolution trend, the spatial non-equilibrium of the carbon effect of the national grain cultivation industry
had been expanding. Among them, the non-equilibrium in carbon effects of main rice-producing areas was decreasing, while
wheat and maize exhibited a continuous increase in non-equilibrium. (3) From the perspective of carbon emission equity,
inter-regional difference had become the primary factor affecting equity, with the contribution rate of 35.250% in 2021. In
addition, Gini coefficient was characterized by “rapid growth-fluctuation shock-slow decrease” , and the carbon emission of
the national grain farming industry remained within a relatively equitable range during the examination period, with the
overall equity improving. Among the main production areas of the three major staple grains, the main maize producing area
demonstrated the highest degree of fairness, while the main rice producing area showed the least fairness. Finally,
suggestions such as adopting differentiated carbon sequestration and emission reduction strategies for the grain farming
industry, building a cross-regional collaboration mechanism for low-carbon development of the grain farming industry,
perfecting the carbon emission responsibility-sharing mechanism, and exploring grain carbon sink trading pilots were

proposed with a view to boosting China’s grain farming industry to realize low-carbon transformation.

Key Words: grain planting industry; net carbon sink; carbon emissions equity; spatial and temporal evolution; Dagum

Gini coefficient

21 A O IR = AR HE R S B sk A ARk a8 B 28, 2022 48 4 R34 18 5 88 Tl fb Al
(1850 % 1900 4F) FFm 24 1.15C , X B H @i 2B AE S5 5 NI A ez m), Rl is shVE b 2R IR, 76
TS B AR 2 S MAHE R P A TR R B ik 30% L ZETR I, ARl & R U THE H AR, JE R R A AL Y
SR RE R HE T (R A Al AR P B R s B T G R B T AR BRI SR B T S e )
A5 2R AR AR E AT BRI -5 T A XU S T DR RS R 2 ) R A B E AR LAY, R X
5728 W 1) L, FR 15 T 2020 AR e ik e St oI [ 5K B £ DTmk B AR, X0 R L 4 R4 0 T T
SR, T T HUERZEAL  GEUR BTN 25 5, A5 b DXORR B R AR Ak AR S DK S 25 NS, TRl AR S AMEE B (4 1 Bl
X AR FEGB IR HRS I S B P, SR RN 2 S AR AR E TR 2845 b XK B RO B HE A T
M AT BT DB A B 5 ARG v SISt | X6 Al T kO J HLAT BRI S

AR AN BRRN (R TTI A TR R, o HE RSO THE S SNz 2=
WA MACRE A 285 AR5 A PR A b VI 5 40T o BRI 25 7 A TR 8 T A R HE A T AR RS =
FAEFET G T b E A WA R R I 2 T H 23 SRR R eEA I s, B E T
AT AR, DK LA ORI OR IR T R P BRHE A R A =B R A, Rl 5 2 DX et = b 356 )
MBI AE AR T —S0A T B K A REHE T 4 A 58 3% AR P TN 33 3, R S AR B T
TRISSERE S ik 0 B SE 5 E 3 T 56 T AL BR RN i 23 B K 28 S PE R 9% Ish2s B AR 52 v
2S5 A5 e B TP EBE AR iR S B B BT R R X A BRI RE A T Al X AT AR A 5 )
FANEOAE R T 1991—2016 AF AV 57 Kb I A0 ()« U 3 A A ) e A 44 i v B Ak R 40
= SMRHET A B 23 R 55O [R) Hb IX A Aol A 7= A L A SRR ST R A RS R BAS ) 28 B AR TR IR
SARHER R R R AP CR T2, KR E R HE 25 3R T Rk E K, AA¥E
DA A 25 7 28 2R 5t o A SRR A T A0 T S R R O fEAN AT, EE A TSR T &
O A AR AR R AR A S, AN ST R 2T R B R R
AR SR R HE A PR E R E

L5 PORAE A SCHON AR P26 T F & MBS MSHES % B4R 0] LR LA 7 T8 320 B ook . i
RN EE SR, IRA 5T 2 B SC TAR O AR = B2 7= AR I RHE AR, 38 /0 ST RE FFIRE ™= AE I B HE R, FLK £ Z 6%
TR A BRIC T RE s NI E N 2R, 2 22 B4R AR BN B B B g ) e o8 S Tl g

http ; //www.ecologica.cn



12 4] BT A R DR R AR BRI I 2 15T S BRHE B P 5061

FENE N B = RS B L 220 AR AR B AP AT SE R B UL s AT DT IR, E AR Z R A
B Je F B AR BRAR A 2 -1 (EAH L Dagum 58 R4, 15 G058 8 2R 50k = %20 110 N R 48 4 1Y 25
BN ST, AR RSO S A R (B ol A A AR AR M BRSO B 4% AL
FHIE, SR Dagum ¢ 280 BE 2000—2021 4F i ] 45 b DXOR B AR b AHE S 04 2Pk

1 ARFEESHIERE

1.1 AR BRI A 5

Tt Ml B R BT S R HE S A 285 BRHE O SR R T UE O = 2K R A A AR K SRS T
BRBe s BRI A% S A IR 32 B A AR VR i ) AR SR P BRI PR 73 SRR ASE N | -6 TRk I B 3R 8,
FEIRESMAR(CO, N,0 5 CH,) HrE Mhk G5
1.1.1 fRIE

— SRR G AHEIL, EEAFEAR 2 AR FANE A R Seih AR PSS Al EE 12, TR AT .

A1) = i(TMEFIk) (1)
P A () FoRH 1 AFHLIX BT BABRHRICR: ; T, 2R 50 o 4F & ORI B AR BRI 2R 20 b 2k

FHHBE B HE D o PR SR T80 S 4620 1 SR
TRAEY AR, FAREY /N FOK S OKAE 27 42 N, 0 (CH, IR 3 Uk, AT

Bj(t): i(su x EFG,) (2)
B (1) KRG ¢ AEHIX j VE A KBRAR i 5 S, 7R 28 o« AR50 & AWM RR AN A EFG, 3R 58 & 264F
PSR HE R A, R AE K BRHE R T2 I R A BT

OB REFFER B HE L, ARVERIRE AR B & 7 KR €O, 5 CH, SRR =AU, B AU
Cj(t): Zijijka_;‘kkaxEFBk (3)

St € (1) TR ¢ AEHLIK RS RFRRREIEHENCR ;0,4 FHUIK [ 55 b SAEMI T, G, 2R ML 38 b el
MR RELL L, X 55 b AEIRSFE 1088 RIRBELL s F, 05 & RAEMIRS FF IR  EFB, R4 b RAEY)
FEFFRBE B HERL R 7, Herf | 853t XA B LU SRS P88 K AE B8 LU R VR T R BRI ) 0 Sk, 5 FFR e sk
R 5EHE N 732 B RS BRESE
1.1.2  BxiC

B Rl SR RS, AR RS T R R E B AR R

E(t) = iEjk(t)= iCAkXijX(l—rk)/ECk (4)
S B0 FR 1 A OMEIBATRE B, (1) FR90 1 AP 55 b STEMIN AL Rt , CA, B840 & e fE O
WO (kg ©/kg) o FR S b SR K, BC AR IR R, ool BRI B ICE R 22 g
ik,
12 B
BCAREIE e R P TR R B B ISER-1E S0 | T B — S TS L6 50 WO R 0 o
B, (BSE RSV R RIE AN f(x) RIS

1 ¢ Yi TY

ﬂw:%§K<h ) (5)

P, n FoRMIXBE . K( - ) FoRAZ R, AR 1y QBB BT REA 5Ly, BOALEE b IRl 9, A SR
I Gauss 4% p&EL T F AR BRI I A 3 2 Al A

http ; //www.ecologica.cn



&t
B

5062 la SRS Bl 44 %

1.3 P
1.3.1  GHiksR)E

YRR A T 4 1 b S R b XA RO A MR BR A P R0R . 2658 Han 250 15 R RIS 56T bR
FERIRAR T 1381 (6) -

CSI = (Cy - Ey) /Sy (6)

2, CST F R MRV BRI | C R BBRHERL | Ey FR BBRIIL, Sy Fn B HER IR AL, N T
Dagum 5£J¢ AL, R FIAH SCBCHS- e B 5 B2 7 Ak A 1E Il Fig bty s e HE CIR L
1.3.2 Dagum 3&JE R

A FAE G 2R B0 8 IRFE AT 1%, Dagum £ J8 R E0( L (7) ) ARERSI T HuIX 22 B Aok IR,

A ny

(7)

A, 6 Dagum HJ8 R, DKHECRHCHE £ |, v, (), ) A5 j(h) DI i(r) BORIEIRIRIE, n WA
BRI, 0 (n,) FORES j(h) NI G MEL, Y FRBEAE Oy B 1 T

Hf Dagum F2J8 2 ECIME Sy X P 22 5 5Tk X 0] 22 57 5Tk S5 H 8 9 BTk = 4. o, S (8) Al
(9) 4359 4 IX P9 5 2 R 50 0 DX P 2 S TR 5 30 10) FTC L) 43531 Ay b DX i) 6 3R ORI b X i) 2 57 Bk 5 =X
(12) JRBAS Tk, Hoh, p =n/n s, =n Y/nY

i ny
DI
Gj/ — i=1 r=1 — (8)
2
2n Y]
k
G, = Z Gp;s; (9)
i=1
j np
Z Z ‘yji g ‘
=1 r=1
Gy = —— (10)
nn, (Y, +Y,)
v
Gy = 2 2 Gupsily (11)
j=1 hy
k
G, = 2 ZH,/thSh(l -D,) (12)

j=1 h#j

28 (13) DX 5B FE AT XT3 2% 14) M0 X P 22 (8, Jm M X j il ke AT 3, — 3, > 0
ARG 34980, 28 (15) WA AS—WYAE, R 4L R b AT 5, — v, > 0 BEARMERIACE L, F.(-) 5
Fo() AHIF05 5 h KB m S50 s

_djh ~ P
"o djh T P (13)
4 = [ dr) [ (v =0 dFy ) (14)
b= LA [ = 0ar@ (15)

Dagum )¢ ZREEM N[ 0,1] BRI 1 R A PrEBRAT, ARG EF & 1T 2 5L e R B,
W3 e R/ MK T 0.20,0.20—0.30,0.30—0.40,0.40—0.60, 55 T 0.60 %5 5 AN X [a], 43 5 38 718 125 JE A |
BT A A BRSNS EEANT,

http ; //www.ecologica.cn



12 4] BT A R DR R AR BRI I 2 15T S BRHE B P 5063

1.4 FdERIE

TEH 2000—2021 4E [ 30 N4 (i X)) BT AR B AE R e AS . Bk A E R G R E ML E
LA GRS ) HCPEAR U TOAFESE) . AFFEXTG KRS N E K = R EMRAEY . R FEY R
TG HOAR 3 = R EARVEW iR R

2 HREHSH

2.1 AREFPRE BRSO B A3 A5 AT
2,11 KRR MY AR N B R AE

15 T 2000—2021 A (AR AR AR TR BT B 0 AR A1 0, FR TR £ AR M Al 355 17 22 3D
B F ISR | S 2000 4EH9 1.91x10% 844 2 2021 4E69 3.58x 10%, 4E I K 3.029%, Hirdr, ¥
TR AT AR 23 o« 48 R B - Pl b AR K7 =SB B, 2000—2003 42212 T R B B . R & FE
THIFR LA K™ e 22 T W, M B VR 1A e HE IR T R 27, R 350 1 AR B e e R BB AT v
1 2000 4E 1 1.91x10%t Jli/b 2 2003 19 1.78x10°%t, 4E 4 T % 2.34% . 2004—2015 4EPei b FHIYEL . 15 25 TR
EAVEMIRRIC & 0 A1 K i 0 B8 N 2004 4E 11 1.99x 10%t B F T+ % 2015 9 3.36x 10%t, 4F 44 K
4.85%, 2016—2021 A F-Fak K BB il e M 2016 4F19 3.35x10% SFRa K 2 2021 4E11) 3.58x10%, 4F
PR 1.31%, H 2016 4FAS, 248 X E SRR AR S5 4, M & 285 X7 85 1 X = K AR 4%
ARS8 e N i, R BOR il 3 s 2%

F 1 2000—2021 £ ER ARG ER(x10% 1)
Table 1 Carbon effect of grain farming in China during 2000—2021

B Carbon emissions I Carbon sinks . .
o RUHEA (PR GEME  BR AGHRA (RRE RR e o
Year Agricultural Crop Straw Total Agricultural Crop Straw Total sink

inputs cultivation burning amount inputs cultivation burning amount

2000 3784.75 5926.50 4829.32 14540.57 13999.29 9768.07 9915.47 33682.83 19142.26
2003 3745.46 5288.10 4420.11 13453.67 11968.92 8478.59 10836.06 31283.57 17829.90
2006 4738.51 5801.36 5391.49 15931.37 13538.13 10640.56 14181.60 38360.28 22428.92
2009 5295.87 6042.79 5897.00 17235.67 14616.88 11363.34 16206.78 42187.00 24951.34
2012 5961.99 6280.50 6683.41 18925.90 15386.90 12020.12 21473.89 48880.91 29955.01
2015 6349.91 6448.19 7255.58 20053.68 15804.89 13012.62 24790.50 53608.01 33554.34
2018 5855.80 6271.07 7189.74 19316.61 15803.87 12906.85 24056.71 52767.43 33450.82
2021 5379.94 6241.21 7410.58 19031.74 15857.01 13447.35 25495.66 54800.02 35768.28
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Fig.1 Characteristics of carbon emission evolution in China’s grain planting industry during 2000—2021
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Fig.2 Evolutionary characteristics of carbon sinks in China’s grain planting industry during 2000—2021
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Fig.3 Spatial distribution characteristics of the carbon effect of grain planting industry in China during 2000—2021
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Fig.4 Trends in the evolution of the carbon effect of grain planting industry in China
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Table 2 Results of carbon emission equity measurement of China’s grain farming industry during 2000—2021

M AL e R AL HuIX [] e R A DS
Intra-regional Gini coefficient Inter-regional Gini coefficient Contribution rate/%
E- F7- X .
. -l - X I [X

BOREERERN g kR Fax opmx 0 N R
Year Gini coefficient Main ! Main Main Main £3 T o AR

X Balance . K Balance- Intra- Inter- L

producing . sales producing-  producing- . . . Transariation
. region . . main sales regional regional
region region balance main sales . . .
. . region difference difference
region region

2000 0.212 0.161 0.153 0.318 0.177 0.293 0.280 30.069 31.873 38.058
2003 0.240 0.217 0.150 0.344 0.195 0.331 0.307 31.602 29.833 38.565
2006 0.257 0.210 0.185 0.394 0.206 0.361 0.337 31.427 35.625 32.948
2009 0.242 0.176 0.183 0.410 0.188 0.342 0.342 30.520 32.337 37.143
2012 0.246 0.189 0.172 0.399 0.188 0.360 0.348 30.365 36.167 33.469
2015 0.249 0.175 0.179 0.428 0.186 0.378 0.373 29.353 38.629 32.018
2018 0.228 0.173 0.139 0.389 0.169 0.344 0.331 29.472 38.547 31.982
2021 0.225 0.179 0.142 0.355 0.175 0.324 0.311 30.149 35.250 34.601

(1) AR T B L

2000—2021 4, i EAR B A B HERCES JE R EME R 0.241 AR fb a3 il A — Ik s i —22 18
[B] 7% " FFAIE :2000—2004 45, icHERCELJE R BN 0.212 3 2 0.238 , 4F 14 K 2.93% ;2004—2015 4F, 5L 2 R
Seesh, Peh IXIE] S 0.242—0.263;2016—2021 4, S JE R EZNE T, AR T RE 1.729% , 4B 2 0.225, LU
S5 AR E R AR ML R HE R 2L T AT X ) 2 Pk S e
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MR AT , 3277 X5 88 X aHE R e 2B TR, 37 KacHECE e REON 2000 419 0.161 7
#2021 4E19 0.179, H 2018 4F LISk 18 34 | 45 XA HEBOE JE R EM 2000 4F /Y 0.318 E T+ % 2021 4R (1)
0.355 , W 377 DRI 3 4 DAL R AR BR-HE - MG T sss ; -8 DXl HE TS0 BE e 2R 8800 TR A1, A 2000 4
[ 0.153 /N ZE 2021 4F 1 0.142 , 32 B X U B R e HE A -1 A i v
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