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Abstract: As a traditional agricultural powerhouse, China’s agricultural development model characterized by high
consumption, high input, and high demand continues to drive the continuous increase in China’s total non-CO, greenhouse

gas emissions from agriculture. Non-CO, gases from agricultural sources, predominantly CH, and N,O with high warming
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potential , are the main contributors. Controlling non-CO, greenhouse gas emissions from agricultural sources is a crucial
aspect for China to achieve agricultural green development and its “ dual-carbon” goals. The accounting of non-CO,
greenhouse gases in China’s agricultural system is still in a process of continuous exploration and improvement, with no
complete and universally recognized system established yet in terms of estimation methods and model parameters. This
study, referencing the IPCC classification method, established an accounting system for non-CO, greenhouse gas emissions
from agriculture tailored to the characteristics of China’s agricultural system, including crop cultivation, animal husbandry,
and agricultural waste, and conducted an assessment of China’s agricultural greenhouse gas emissions in 2020 as the
baseline. The results showed that the total non-CO, greenhouse gas emissions from China's agricultural system amounted to
62801.68 ten thousand tons of CO,-e, with CH, being the largest contributor, accounting for 71% of the total emissions. In
terms of individual emission categories, emissions from livestock farming reached 33,205.34 ten thousand tons of CO,-e,
exceeding 50% of the total emissions, followed by emissions from crop production at 28,617.93 ten thousand tons of CO,-e;
agricultural waste emissions were relatively low, at only 978.42 ten thousand tons of CO,-e.The types of greenhouse gas
emissions from China’s agricultural system exhibited obvious spatial differentiation characteristics; emissions from livestock
farming dominated in the northwest, north China, and southwest, while emissions from crop production dominated in east
China and south China. The northeast and central China regions were relatively special, with a mixture of emissions from
livestock farming and crop production, as well as dual dominance of emissions from crop cultivation and animal husbandry.
Agricultural waste emissions were mainly concentrated in the northeast and east China regions, where crop production was
relatively developed. The greenhouse gas accounting constructed in this study fully reflects the current status of China’s
agricultural greenhouse gas emissions and the emission structure of agricultural greenhouse gases in each province, which is
conducive to the formulation of targeted agricultural planning policies in various regions. It also provides methodological
support and data basis for reducing uncertainties in Chinese agricultural greenhouse gas accounting research and clarifying

the contribution of the agricultural system to carbon neutrality.

Key Words: non-CO, greenhouse gases; agricultural system; greenhouse gas emissions accounting; climate change
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SR —E 2R T RS T T, HERCR B WA ol T T vk %7 T TR L
A 2R, HERCR B ) A A 7= 37 U I R g, B — e R B e b T BARMIERsE
oA A EASE AR E AT I TS PR R HE R RO ARG — , A TR R R i = AR AR R [ 22
St o UL, R B SR B R 22 I, ME LURE B A9 il 2225 48 SR At 2 U HECRRALE

LTI, AR SCAE IPCC A BRBRHE ORI | 5300 2 TRHRIOH Sy 266 L, 456 b AL R R BUIR,
il — NI LR B AR R G S ARG AE CO, MR A UAHREZR SRS HERIT F it 1 44 5 3 [
b e B B it 2 SCAHE R B8, T SRAT AR R R 09 3 2% A el il = AR SR8 2R O Tl 4% 4 3 Al
it 3 SCACHETOIR , AR BRI B 725 48 U A s HF BOR SR B 2%

1 RKAIE CO,RESEHMBZEIESLR

IPCC 73 RIE BN NN AR i 2 AR50 2750k | DA B HE BB P R ) 2l 2 A HE B A1)
RHESR A 22 DL o 5 (0 A B AZ ST H i 0 2677 0 B A 225 (R 1) o Bl BUR AUk 581t /R
FRIS R (FAOSTAT ) (14 430 ) T il 28 AR HE O 2 00 T HE s 30 A ek AU 9 HE ORI
(EDGAR) Byl FEAEAR M B 4% N, O HERCA B A T AR DA% S T Ry >

# 1 IPCC.FAOSTAT.EDGAR 5ERBESGEHMFLZELR
Table 1 IPCC, FAOSTAT, EDGAR, and National greenhouse gas inventory accounting boundaries

A EBUF SRR BREERRAZGEIE SRR HER EPRITESGUINST R

E:Jiiir?catcgories LB P s National greenhouse
IPCC FAOSTAT EDGAR gas inventory

4lk. Agriculture SHE I SEHA I S S T
BApesk BApesk IRBEsR R Y Az 7749 A 1) B e
KRR KRR KA IKAEFPAE
THEE AU A U A R
B R 25 T B K CHEE NS
LRZLAEN LRZLAEN A
O 7% S8 2 Mo ik 8 28
it T g e it JH T - A M I} 4 N, 0 HFik
HK AL HRK AL
AHLEHHE

IPCC; It A B U 8] S A5 A8 fb % 1122 51 4 Intergovernmental panel on climate change; FAOSTAT; B¢ & Bl M 4% 2H 21 45 11 5048 )% Food and
agriculture organization corporate statistical database; EDGAR ;: 2xBR K SMF5T HE S % Emissions database for global atmospheric research
ARICLA TPCC 7330k A HEAl , B MM TE 1 73 JE 45 2R 46 vh B A I % SR HETHOIR B0 23 5 1 E 158
HFCE 1) AN RG] 73 R B POl AL E 78 = A £ B S RO 2 U HR T 2OG K
FERRE ™ A= 1 CH, AP L™ A B N, O 5 78 Ol HE R 5 78 85 1Y 1 18 A& 7 AR 1Y CH, Sz S84 3™ A 1Y
N, O s AV 574780 73 W) 3 B2 AR R 57 I [R] B8 458 7 £ 189 CHL AT N, O,
2 RKAHE CORESEHMIZE T i 5HIEkRE

2.1 ST M R RO
A SO ELOE R GEAE CO, T2 SUARHER A% SR I HE R 112
E=) E, =Y AD, x EF, (1)
L, E BRI RGAE CO, R EARHEBUEE  E NS @ AR = SR HE R, AD, 055§ FhHECIR 9 HE
WA ¥ EF RS FHERCR IR = SRR B, O T TR ARUESEARYE IPCC 5 IO PP Al 4 4, 6 B
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1 RIESGIE CO, RESEHMZEDR TERE

Fig.1 Agricultural system non-CO, greenhouse gas emission accounting boundary diagram

CH, ZBRAFBE AN 25 N,0 BRASRE I HE N 298, G — %557l CO, M5, Bl CO,-e,
2,11 R & S ARHE XA

(1) KFERE CH, HER % B

IKRERIAL P A2 (14 CH HEHO: P B Al 30 1] 9 28 A M HE 0 T B2 21 e o, o B i L 2 — Y
AR SCHEHLCAE O 2= ARG B g AR (A7) ) (AR (A A8 e ) ) 2 AL i A WY e HE il R B A7 1155
(F2),

F2 &X 2005 £78 AP RHAME T/ (kg/hm?)
Table 2 Methane emission factors for paddy fields in different regions in 2005

X 45k T PrEAny i XL W A
Region Single-season rice Double-season early rice Double-season late rice
4£Jt North China 234

4£4 East China 215.5 211.4 224

P RI4ERS South central China 236.7 241 273.2

PiF Southwest China 156.2 156.2 171.7

Z:dt Northeast China 168

P4k Northwest China 231.2

(2) Al bR = SR HEOZ
Al FH b I =28 A Tl 45 L HE RN (B 2 HE s 43
NN20 = z N X EF (2)
U, Ny o WA N, O HEBUE i Ny, ARG R U A EF XTI RS N, O HERCH 7 (847 kg N, O-
N/kg N i A ) .
(D) gl M B N, 0 HEk
L% N, 0 HER it A 2 48 P (1 DUIERH R AED RS FF R AR IR U B, Bk e
Nigg = (N + Ny, + Nygge) X EF g5 (3)
KN g AR E 3 N, O HEE , N AT HUIEE & B i, N MIATEFE & A, Ny A ALL
NE & A, EF o M T3 N,O HEA T (3£ 3)
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Table 3 Default values of nitrous oxide direct emission factors for different regional croplands

XI5 AT A EHHECE ¥/ (kg N,O-N/kg N iy At )
Region Nitrous oxide direct emission factor

ST GRaeE  HOR I U B vy TR 0.0056

BRI EAR LT 0.0114

Jea K Rl R L AR 0.0057

WL g VTR LR TS EE e pu ) E R 0.0109

JUIR TV RS AR 0.0178

ENEEI | 0.0106

D BB &R

PRE & SR AT S RUIE B S HE P2, S8 35 Ut LA GE T4 2 v i SUIE A Al i D AR, = HE

309 1E J & A LB,
2) A AR E

APUEEAT 2053 A FENE DRIE LA SRS il T IEAL 7 BN T L % 29 LA, PRI 32 8 5% e s

HE DFAE BT 2 SRR

LRI N8 7 A0 B s 2 MENEAL S5 A B 3 P A TR, AR SCER5 A DG SCRBIF 5 2 R kA 7

HECR B R (R 4) B AR 2R

Ny = 2, NSRS, x Hih A0 > HEMY) & AU, x WCRIE L,

F4 EREXTERBICER

Table 4 Summary table of calculation coefficients related to manure

(4)

K o - e HRM 34 H AL % ATCR ) 2 5L

GES S AR (w/ke) . v
. . Percentage of manure Coefficient used
Category Fecal excretion range Nitrogen content . . . . .
applied to fields in this article

¥ Pig 4.2—5.8 kg/d 2.38 65 5 kg/d
A4 Beef cattle 8.1 Va 3.51 30 8.1 t/a
W34 Dairy cattle 14.4—20.1t/a 3.51 30 20.1 t/a
Hy Horse 5.0—5.6 t/a 3.78 44 S5ta
oy 1R Donkey, mule 5.0 t/a 3.78 44 51t/a
* Goat 0.5—1.1/a 10.14 33 0.95 v/a
A Human 107 Va 6.43 33 107t/a

DFAE R AR R T2 Wi 5 TR 5% i okl i e, BRI R AN 3 5 TR MG EE AR

LU
Nuw = 3 BHIBMEBIRE, x HyBER, x GEIA A, (5)
x5 BHEEXHERBICER
Table 5 Summary table of pie fertilizer-related calculation coefficients
Fhzk o/ % TRE/ (k) || o/ % TRE/ (g/ke)
Category Cake yield Nitrogen content Category Cake yield Nitrogen content
KU Rapeseed cake 55 53.5 AELEDE Peanut cake 50 69.2
KIZHF Soybean cake 85 66.8 ZEIEFVF Sunflower seed cake 70 47.6
3) FEFTHE RS i

FEFF AR AR AP I 7= i 22 ok b B B HEAE , HERCR Bldn 2 6 R 22203234380 RSB
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F2vg (1]
HPRLP .
Nygge = Mo ERSFFE R + 30 F AR (Wc = - ﬁﬁfﬂﬁ] x RFFE A, x SRR, +
23U EY e
e A s L
iﬁ’;ﬁ; x AL, x FFHRUE, (6)
ZEUT R&ZX;
F6 BITEHRBESEHMMEXRER
Table 6 Greenhouse gas emission coefficients related to straw return
AR AR
i Iz, = i LAY 2 =
i PN ELC e Tomaoie Rosanain
Top in straw/  coefficient/ % ratio/ % Crop in straw/  coefficient/ % ratio/ %
(g/kg) (g'kg)
JKF& Rice 7.53 48.9 12.5 164 Peanuts 18.2 55.6 20
/N# Wheat 5.16 43.4 16.6 Z B Sesame 13.1 41.7 20
Tk Corn 5.8 43.8 17 #7443 Cottonseed 5.48 38.3 20
Fi 3 Sorghum 7.3 39.3 18.5 FH3E Sugar beet 5.07 66.7 5
AF Millet 8.5 38.5 16.6 HHE(H) Sugarcane (leaves) 5.8 75 26
HABARZE Other grains 5.6 45.5 16.6 2 Hemp 13.1 83 20
K Soybeans 18.1 42.5 13 2K Potatoes 11 66.7 5
H A Other legumes 22 38.5 13 B3R Vegetables 8 83 25
AT Rapeseed 5.48 27.1 15 JHIF Tobacco 14.4 83 20

(2) A4 HHlE] N, 0 HEjik
[ 2 HE R A b R G0 AR AT R R AT R AE 1 b A2 I e B Bk A B9 /R A Ak B s AR AE
FEAE B TR SRR BRI .

Nigge = Ny + Nz (7)
Nyge = L (N X Frp) + (N X Fyyp) 1 X EF gy (8)
Nygs = (N + N + Nggr + Ny ) X F g X EF (9)

T Ny AR T 38 0] 422 N O HERIIE 5 Vo Ny 23 A A H R RO R /AR 7 42 19 N, O HE ik
5Ny N Nissr Ny T IS L—F F oy F o 20 BRALIE ZEIE LA NHL, R NO JE T 5 % R
FBl 5 EF g JEF s 50 WA AR LT RS UTRE R /2000 N,O HERUH 7, 2% TPCC IHEFA, F iy BUE
M 0.10kg/ kg  F s BUE H 0.20kg/ kg \EF 5 BUE 4 0.01kg N,0-N/kg N % Aft, EF . BUE 4 0.0075kg N,0-N/
kg N AR
212 FHOIRESEHEIZE

B POl L= SMRHER AT 43 & & I & T S A B O 1, AR SCRACE G e ) BRI R BCH A,
SEATA 1 RS BT AT, % R R 8 A A KR ) B A A, o B Ol iR = SR HE G AT R Y

E%W:ECH4+ENZ():2Q-XG-X25+ZQ-X,B-X298 (10)
Y E oy N B IR E T E oo N ER B SR A1 CH, N, O BUBRHEIT &, o, 22 78 8 A [R) 1) 7R A5
KRB B CHHEBGREL B2 E B2 E BN N,0 HE RS, 0, 8 & & IR &, BRI T .

M QA
D, (365) (AR < 1)

0=in an (1)

[T (HEEE < 1)

X, Q MBI RS E, D, W& LAY (d) ;M B &R ) N NE S
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R BT &R U FE IR T 1, A A FRHU 3 200 55 K
O FETT S0 B HUREAL FEF B RO = Fh IR 1o o O RO L BBARG, DRI A SCA
S TR B PIIR T R I, EURHERCR RN 7. % 8 R ™)

x7 BWERHWFELE CHHHET/ (kg k" a™")

Table 7 CH, emission factors from enteric fermentation of animals in various regions

PRSI N A AP ST S g R gy
Feeding methods Daity  Non-dairy  Water Sheep Goats Pigs Home  Donkey/ Camel
cattle cattle buffalo Mule
FUBLILIRI S Intensive farming 88.10 52.90 70.50 8.20 8.90 1.00 18.00 10.00 46.00
A VHLFE Free-range farming 89.30 67.90 87.70 8.70 9.40
8 HiXFMBEFTEHRETF (kgk'a')
Table 8 Emission factors from animal manure management in different regions
. . . /58 "

i T S T R S R
Region airy catle cattle buffalo Sheep Goat Fig Pouluy Horse Mule Camel

CH, N,0 CH, N,0 CH, N,0 CH, N,0 CH, N,0 CH, N,0 CH, N,0 CH, N,0 CH, N,0 CH, N,0
#:|t North China 746 1.846 2.82 0.794 0.15 0.093 0.17 0.093 3.12 0.227 0.01 007 1.09 033 0.6 0.8 128 0.33
%At Northeast China  2.23  1.096 1.02 0.913 0.15 0.057 0.16 0.057 1.12 0.266 0.01 1.09 0.6 1.28
#E7 Fast China 8.33 2.065 331 0.846 555 0.875 026 0.113 0.28 0.113 5.08 0.175 0.02 1.64 0.9 1.92
HRg Central south China 8.45 1.71 472 0.805 824 0.86 0.34 0.106 0.31 0.106 5.85 0.157 0.02 1.64 0.9 1.92
PiH Southwest China ~ 6.51 1.884 3.21 0.691 1.53 1.197 0.48 0.064 0.53 0.064 4.18 0.159 0.02 1.64 0.9 1.92
Pt Northwest China 593 1.447 1.86 0.545 028 0.074 032 0.074 1.38 0.195 0.01 1.09 0.6 1.28

2.1.3 RlEsiR= WS

AR Sy T ) SE B AR RS FT 8 ARG ™ A i 2 UM ™ . AR XS5 (TPCC 2006 4F 16 5 5
UM LR R ARG U5 R s AR IR IZ B/INAE TR RO R FRER R SR E A Y CH,,
FIN,O Hhi (£ 9) 1, BRI

Lyye =AXa XMy, xC, xG,x107° (12)
AU, Ly 9 TR SRR A 0 2 A HR IR (1) ;A IR AR (hm? ) 50 AR THARBE LU (%) s M, 0
AT LARRGE BARRL B (V/hm ) s COMBRBEIR T (TCHE) 5 6, MHEBIA T (o/kg THITRERR) .
F9 RAUEFYEEREEAE R

Table 9 Relevant coefficients for field burning of agricultural waste

el SRBEIN T/ % #ABE BT/ (1/hm?)
Category Combustion factor Combustion quality
INFEFRATY) Wheat straw 90 4
FERFEAY Com stalks 80 10
FEAKIRARY) Rice straw 80 5.5
B (TEP IR ATHERR) Sugarcane ( pre-harvest burning) 80 6.5

PR FR AP CH, N, O HEBUR 205 BUCh 2.7 o/kg THIFEEER 0.07 g/kg THIFRE . BBELL
TR FH A 3 ORI R A0 e TS B g Rl B AR AR R (GRAT ) ) B RS FEEE R AE B LB 22304 20% %
2.2 FAEkiE

AT FLFAARIE T  ARAEYHEFI AR DL S 2855 7= Bl R IR T B AR M AR 4 ) AR R 25 5
RIET (P ERMNGHELE) 85 AR IE T Ch E B BOLAESE) R AN BRI TP ESEHEL)
B IR0 AR SRR R A 448 0 =207 B0k DU T FLRI A AR A TR e B ofie
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3 ZBRES

3.1 2020 FEH EARLAE CO, M ZE AR HER S

2020 4F, hE R AE CO, iR 2 SMHE M 62801.68 T7 t CO,-e (18 2) , BARHEBCIR AL I 10 FiR .,
IR ZE SR HERO BT, CH &R R = SR HE O B EE 5Tl HEBOR ) 71% . WHERCRZORE
T FZ AR = ARHEBOR IR T & POl B8 HElE 2 1 50% , TRk T 33205.34 J7 t CO,-e, HHAFiE K
% 128 45 B3 HERL T 23659.05 J7 t CO,-e #19546.28 T3 t CO,-e, RV TTHR T 28617.93 7 t CO,-e, i i
HERL () 38% , /K RS TR A0 A b FH M3 5 HERL T 15940.58 J7 t CO,-e 1 12677.35 T t CO,-e, 4R 729 HETK
HAK AU 978.42 J7 t CO,-e,

M CH; 71% [ N,O 29%

B2 2020 FrhER R SGE =S AHER 5]

Fig.2 Proportion of greenhouse gas emissions in China’s agricultural system in 2020

3.2 2020 4EHEAOVAE CO, MR SARHERES a4 E

rh ROl T 2 AR HE R S TR) 22 5 3 SR P BE R (D 3) o SRR M X HE O sy, 7 SVHETCEE 919.70%
(R O3 A HE R IR 2 1 R Ay T i DX A v il DX 0 331 o B HE R 1) 18.96% il 17.94% , 44
BRI HE A B — 2 2R, 2RV X AR X AEdb b X R g X, ARk Aedb vedb i
DX HEBCR R AL, e BB R VT4 ST B IR DCHE R A, 40 )l 3856.48 5t CO,-e i1 3580.53 J7 t
CO,-e, HERHIX AHERCRF /D, 5 B E R HECR 1) 9.89% , WA BE R WG 2 0 4 1 HE R e
48 0y, HERCE R A 4796.57 Ji t CO,-e, 5 MBI 7.64% , BBEHIF U4 BT E NS A6
X, HERCR Y SHE R 1 5% LA b 4 ELEE T A HE B B S AR, v A 5 T SR HE R D i I, AR
36.81 Ji t CO,-e, ATLAE B AR AE CO, MR E ARHGE AR 2 25 5, Jom T ik 50 £ LA b £ Ak
i B B IR T AT Ol AE SR Z e b T 5 LSRR, SR B A TR BRI L5
fIAb KA, HAN R 7 B M [ A X PG 4 2 DO DR 28 43 T AU /N FLA D & J A B, DR o e o
ENTE N
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R10 2020 FHEEGRESEHRE

Table 10 Greenhouse gas emissions by province in China in 2020

FHolk FlAELl VQIA-E7)] HE

X dk Livestock farming Crop production Agricultural waste Total
Region FEMEE J TR W K FE AL Al H ARl & F4) H (8] BE 52 emissions

CH,/t N,0/t CH,/t CH,/t N,0/t CH,/t N,0/t CO,-e/x10%
dene 410.9 173.16 8079.96 46.8 327.24 170.6 4.42 36.81
K 4748.8 679.68 24932.82 12495.6 807.21 1101.9 28.57 153.36
[ 67703.72 9425.73 388938.91 18415.8 16158.63 19258.52 499.29 2013.09
g 19935.36 3228.79 173348.18 561.6 4788.73 8573.8 222.28 751.59
e 47633.66 13498.43 992330.49 37650.6 14291.16 17832.72 462.33 3580.53
o 19331.64 7174.08 271312.42 87427.2 13408.59 12903.47 334.53 1600.77
#H 12897.05 5552.94 234773.19 140632.8 17857.33 20518.98 531.97 1735.53
I 19118.62 8109.93 416341.6 650496 26577.5 32971.17 854.81 3856.48
g 3217.71 225.27 6870.22 22433.55 674.64 267.11 6.92 109
A 55488.74 3284.15 71223.14 474703 .4 27824.54 11985.26 310.73 2469.8
Wit 20157.58 1167.64 27316.48 137404.68 6481.64 1986.38 51.5 696.65
LB 68626.27 4809.78 132865.05 542182.52 23735.63 16800.61 435.57 2764.82
Py 41076.28 2769.19 43960.33 131353.38 11185.61 1586.58 41.13 962.02
i} 73125.11 5155.52 191464.36 747583.4 9297.95 8449.53 219.06 2988.8
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