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Abstract; Optimizing the planting structure of grain crops is an effective means to ensure food security and mitigate
greenhouse gas emissions in agriculture. Based on the compilation data of agricultural input, management,and output cost-
benefit data from various provinces in China, this article uses emission factors , multi-objective optimization,and cost-benefit
analysis methods to calculate the greenhouse gas emissions from grain production in China and its provinces in 2021, reveal
their spatial distribution characteristics and contribution share, optimize their planting structure and layout, and carry out
production cost and economic benefits analysis of major crops. The research findings are as follows; (1) In 2021, China's

grain production resulted in total greenhouse emissions of 4.33 x 10° tons CO, equivalent. CH, and N, O are the main
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contributors , accounting for 40.12% and 32.56% of the total emissions, rice cultivation is the largest emitter, with an
emission of 2.09% 10" tons of CO, equivalent, while corn is the largest emitter among dryland crops. (2) Greenhouse gas
emissions from grain production exhibit a spatial distribution where emissions are higher in the eastern regions and lower in
the western regions, with greater emissions in the southern areas compared to the northern areas. The rice-producing regions
such as the Northeast Plain,the Mid-Lower Reaches of the Yangtze River Plain,and the Pearl River Delta are high-emission
areas. (3) Following the optimization of crop planting structures, there was a 6.78% reduction in grain planting areas
compared to 2021 ,accompanied by 4.82% and 4.87% reductions in irrigation water and fertilizer usage , respectively. The
yield increased by 1.1%, with rice and wheat production decreasing by 0.62% and 0.55%, respectively, while corn
production increased by 1.48%. Total greenhouse gas emissions decreased by 5.09% ,with CO,,CH,,and N,O emissions
decreasing by 5.98% ,5.6% ,and 3.7% ,respectively. (4) Adjusting the planting structure of grain crops can help improve
cost-benefit relationships and optimize total grain crop revenue by increasing it by 305.74 billion yuan. Except for vegetable
cultivation costs,which increased to some extent,all other crops decreased in cost to varying degrees. In the future ,under the
influence of factors such as climate change, market competition, and high production costs, the pressure on China’s food
security and greenhouse gas reduction will further intensify. Optimizing planting structures, strengthening agricultural
industry chain cooperation, and reducing production material consumption are effective ways to achieve stable grain

production and reduction of greenhouse gas emissions.

Key Words: crop structure adjustment; food security; greenhouse gas reduction; cost-benefit analysis
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F1 URRRABEFRESEHMRY

Table 1 Greenhouse gas emission coefficient of chemical fertilizer and pesticides

Az ek HEHO TRESIBHL R (kg CO, eq/kg) b/ 3
Means of production Emission source Greenhouse gas emission coefficient Source
ALAE Chemical fertilizer A 1.53 CLCD
WAL 1.63 CLCD
BAL 0.65 CLCD
HEN 1.77 CLCD
424 Pesticides 18.10 Jige A L6

CLCD ; A fig Al WU JE Chinese life cycle database
MR ARl 2 AR .
7
EC= Y, A xf,
EM=Do,xE,
ER=At xef

El=Y, ¢ xI,

EN = Z?:](Ati X fg; + Pn; X fn, + Pe; X fe;)

ET=EP+EC+EM+ER+EI+EN
o EC 9B 18 COHREL /D BIFF T e HEIL SR8, EM 9 HUBERITEAERY CO,HERL, Do, T i AR
HUBRSETITHAE R B, NS HE R B0, ER ARG H CH HERL, Ar, /K RE AT, of, /K FEFIAE CH, HE
TR, EIATEMBRIEN, C, 95  FEY R REBEm A, 1, D9 SR e HE L R 8. EN i N, O RIHE B & /g,
N MERAERI R NL,O BHEICR B, Pn, N5 MBI B0 RE TG I fn, S5 0 FPPED I 0IE N, O 1Y
HEL AR, Pe, J0%6 i MEMISE G IE BTG HTEE , fo, 050 @ RPEIIE IS G IE N, O RUHERL R 80, ET AR A4
it 2 AU SRR AR VR A 7 i R B AR P BRI AR B R 2
R2 RIEMEFHERESEHHERY

Table 2 Greenhouse gas emission coefficient of crop production

FIE KK

Hopl A

HERCR HERC KA X G S £k i3 SR
o o . Spring Winter . Other .
Emission sources Emission Rice . Beans Corn Vegetable Sources
Wheat Wheat crop
@%ﬁmg ) N,0(kg/hm?) 0.24 0.4 1.75 2.29 2.532 4.944 0.95 Ik 18]
Crop emission
a2 \
: - N,0(kg/kg) 0.003 0.0015 0.011 0.06605 0.0083 0.0083 0.03 X4k 1)
Nitrogenous fertilizer
Z2H0 ;
N N,0/(kg/kg) 0.0011 0.0011 0.0011 0.0011 0.0011 0.0011 0.11 Bk 1)
Compound fertilizer
EIHF Plough €0,/ (kg C km?) 312.6 312.6 312.6 312.6 312.6 312.6 312.6 R k200
TER Trrigation €04/ (kg C hm?) 20.476 20.476 20.476 20.476 20.476 20.476 20.476 Wk 1o
Jlaaty
BB €O,/ (kg/kg) 0.5927 0.5927 0.5927 0.5927 0.5927 0.5927 0.5927 IPCC

Mechanical diesel oil

CO, ,CH, I N, O J& 4 BRASE 1 — K EZL 5Tk A, R4 1IPCC A PR PEAR i, CO, RS 3400 7€ 100 4
[ RO A CH, A 1/25,N,0 B9 172987 | A SCAE AL 2 S ARHERL AT , 4% H] 1tCH, AT 1t N, O HECE 251
AL R 251C0, 298tCO, I, = FhiR = AR S ERAS R IERRE AT T .
GWP=CO,+CH,x25+N,0x298
1.2.2 bk
AR SCHE AL B AR o8 i = SRR AR B B VR ™ e K, AR AR T A AR 7= R A S P
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WA A H G, R MATLAB AR EAEY A 254, BAR A F R .
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(2) REVEY B S ARSET 2021 4E B
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Table 3 Equation for optimizing crop planting structure

Hin5 444 Objectives and conditions iy Equations
H#r 31 . 3
Objestive Max 3, SA;; X CP;Min X SA;; X B,
THFRZ R 31,7 3.7
Sosa < YT sA
Limit of cultivated area =170 ij=1""1.2021
PR 23R
SA; XWS,; .<SA. . 50 XWS;
Limit of water consumption L" " bJ,2021 L2021
=2
ﬂngH{Eﬂﬂﬁ . SA; ;XFS; ;=< S84; 2001 XFS; j 200
Limit of fertilizer consumption J J I I
WALy 31,7 31,7
income constraint Zivi:ISA[""ZOZI x [C['/’Z()Zl s Z i‘j=ISA"f % IC"/
PR T AR T BRZ 3R g . . g
0.85,.A; j 2001 S5 A; ;30.554; 20 SSA;

Lower limit of cultivated area
SA; j 01 B 2021 4F i B j FERIRIAEIR, WS, ; 00 2758 2021 4F i B4 j R ERI ST K i, WS, SR AT i A5 j Rl S
BUHKEL, FS, ; y00 778 2021 45 i 455 j FVEY S0 AL FI & S, FORMALIT @ 4850 j AMEY AL BURAE A&, 1C, ; 00 FER 2021 4F i
A j RO E A AL IC,  FORIUSR i 48505 ) IR E VRS SR AU o S,.A, 200 378 2021 45 0 55 j Fh ERAEDFRIEIRL, S A,
FRMACIT i 485 j b R A v B

1.2.3 %#HZHE
WA NZ B ALTE B TR MR RS, AV a5 FHAE RGP 3% 35 A S ol 338 A R Ik ] A o i B4 350K i

MRS AR = AR %, BB IR R .

TB=PB+IB

31,7
PB=Y . (RB, +FB  +CB,)
31,7
IB = 2 i’jzl(E(IOzBi,j + ECH4Bi,j + ENZOBi,j)

31,7
CB = 2 wv:l(CYi,j x SPi,j,ZOZl - Tci,j)

31,7
TC = 2” (PC,; +0C,))
X TB RS , PB R ALG ARk gR , 1B FoniAL)G IR EALER . RB,; FB, FI CB, 43 i &s Ak
JEH5 i AR jRVERHEIE T K Ao SR AT 0 1 BRIV B 1Y 72 84 o Eo, B, E e, B, A Ey B, /535
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FoRIALSE @ 5 j MEY) CO, MRS | CH,IRHER AR T N, O WHFALAR o SP, 0 3875 2021 4E256 § BT j il
HEAVE ™ B BN, CY, [ TC., PC, 1 OC, 53 FoR A EMIFIE S IS @« 85 j R EER iy 7 & |
S AT AR RIS AR
1.3 HdlERIE

ARSI Z SARHEB AR B R R 2ORIE T O E S R4 2022) (B HGTHE % 2022) F1¢ 4 E A ™
BA £ 14 2022) , o AEH Ao T AR B Ok B b B SE T HAR 8 2022) FICE RS TS 2022) , HE AL
B A 25 KA EI A 77 A B AR A8 B R IR T 4 AR ™ i BUAS WL 28 T G 2022) , 380 43 % 53 Tk 28 2 M s
U5 A (2021 4Fr E i JH A

2 #R

2.1 PEDRE AR E AR HE
2.1.1 CO,HEik

M A= i AR HERL ) CO, FBRVE T A P2 SRR RO R AR 25 A 7 325 A S AR FHJEIE LA FH 253815
RS BoR 2021 A5 ERR AR 72 P2 A2 1) CO, HERUS B 38 1.18%10%, R ZEAE i FERIE-15 i 4 IR Hb X,
WA EEEE LA 5 e g e, S HER R 51.8% , 48 RIS A 4y CO, 23 3 5 HE A i 33.9% 43%
F123.1% , HEAs (3 B i AR S5 ™ d 7 4 LA J B A, 32 DXl A 7 HE ORI 2 AR X A i
TR B R S5 O 1Y COLHERTAE 4 [ HE 44 5 A, T e 4 LA I 1 T Y C O, O i i e 6, AR Fil
S5 LoRE , = RFRIEW R CO, EZHEBIR, b HEBUE S 59.8% , £ K CO,HEMUR & , 24 o5 HE A
26.1%(E 2) .
2.1.2  EEAAbRR R = S AARHRR

(1) CH,HEKL

Pl CH, 32220 f R A WL PR A i =2 o R VR CH B D, AR S 1
RS KFRERMAE CH,HERL, 2021 4EAR A A 7= CH, HERUE R 298 1.737x10°1C0,eq, M CH, HERZS R E | R
B CH,HEBCH IS 2E ST 850K, 32243 A 78 SR — [ o LA AR i DX, JL RS 387 X, Ay e i, BRV T =
FMARIT IR G IX CH, HEBCH X 88, FE A HER2E 5 R FARVEHE, B Jr Hu X CH,HERCR 1.46%10°%CO, eq,
i BSHERCE 1 84.04% TP &4 [ CH, HECE e & 0 (B 2)

(2) N,O ek

A H N0 2 AAE b B RS FE RS AL A B P RS AL 5 RS AR AE T 7= 2k R e AR K HEL N, O, HE
TG B S VRIS RIARSE 0 2021 AF AR EMED A 77 9 N, O HEBUE BN 1.41x10°tC0,eq, NEFEF,
IR RTP F Hb DX HE R 22 S 4N, S R 2 A 22 S (A ), 6 LXK N, O HERIC G e s H32.8%, T Rk
TLANLZR ) N, O HEBCA B A FT =, X = A8 G HEilcE 29 b7 2 B N, 0 HEUW 29.67% , LR E/EY T £
KBRE IR N,O EZHEBOR, t = AR P=IE S HER NLO 5 EHERCR: 79.7% , 3% F I S G RAEY FE A
AT BRI IERE A D (BFE A SOME VR B 2 5 T I AE AL SRS Ab AR AR 2 N, O HEJSC, i 32 &I f g
AR FEE K, AL AL N, O HEj R .
2.1.3 AR E SRR

2021 4 EE A AR PR 2 SR HE R B A 4.33X10°1C0, eq , 45 0 18116 25 SAHE 2% S8, 1 5 48 Iy il
FARHE R T, BB B BIR LA RS SRR B R, 2900 3.64x1071C0, eq, 4 4 [ HE
R Y 8.42% ; P TR B S M HE i e D AN 2 EHEUR Y 0.04% , MWAEDIZRAL & KGR = A4
L SRHE B e, 208 2.091x107tCO, eq, A HERUE I 40% LA I G 2RAE YRR = A 0 T 22 AR ik
G, 29 5 HECR A 3.05% , IR ZESRHE S M B, A TRV HE 2 S 40K, CH HEBCR ek, 29 i HECE,
40.12% ; CO,FHET 5 Ho ek, A i A1 27.329% (1 3) . ZAEYIRMEZE I R2 I, £ R0 IX Fh A 2R B IX Y
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Fig.2 Greenhouse gas emissions from food crop production by province in 2021

TR A RHE s, 20 7 4 R HE R A 28.47% , AR b b X ) IR = SACHE R B A, HEBCR A 2.003 %
107tCO,eq,
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Az PRGBS T ()45 3 7 X 25 S 80 S R AR 26 7= B 2 SR HE B, 38 SR AR R A3, WBOK 43
S50 MIRE 05 T HAREY) , R TR B R AR A, S 83U P38 IR B AR HE R B 505, €O, 5 N,0 #
FL R 29 1.44 1CO,eq/hm* Fl 2.13tC0,eq/hm*, T AVEWIBE IS IR B B B il 1 R IR Ar AL,

http ; //www.ecologica.cn



6 1] BORTAR AP EEOR R A A LA T RS HE B AR 4 AT 2945

#5123
2091 BkR 1737 CH,
ﬁﬁlso.s
#9054
793 | ERk
1183 CO,
ﬁdbl7zw
69.2 | iz
355 | UNE \ TEP'éI54.76
134 W 14 1IN0 -
132 -ﬁfp P61 22.19
132 mMEk 461 20.03
BT Tg

B3 BREtXSREIEREEVRESEHN

Fig.3 Greenhouse gas emissions of main crops in the seven major regions of China
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Fig.4 Greenhouse gas emissions per unit area of food crops
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Fig.5 Changes of cultivated area,productive material and farmers’ income after optimizing crop planting structure by province
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Table 4 Changes in cultivated area,means of production and farmers’ income after optimizing planting structure

YEMI Y AL I A Jk A feie AP
Food crop Planted area Water consumption Fertilizer Farmer's Income
JKHE Rice -4.60 -16.30 -4.03 -0.92
EK Corn -1.46 -4.44 -2.1 1.21
/N Wheat -3.65 -0.41 -3.29 1.66
.2 Beans -13.65 -18.27 -19.21 -13.17
5 Tuber -19.60 -24.20 -17.09 -8.95
HEL Oils -22.79 -14.58 -22.45 -20.70
Bh3E Vegetable 2.58 2.37 1.45 3.33
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Fig.6 Changes in the production of seven major food crops by provinces in China
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Fig.7 Greenhouse gas emission reduction after optimizing the planting structure of food crop
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Fig.9 Cost savings and improved benefits of each province after optimizing food crop planting structure
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