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Accounting of greenhouse gas emissions in the Chinese agricultural system from

1980 to 2020
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Abstract: Human activities are one of the main reasons for increasing the concentration of greenhouse gases in the
atmosphere and causing the natural greenhouse effect. Among them, agricultural production activity is one of the important
sources of greenhouse gas emissions. Based on the emission factor method, this paper constructs a greenhouse gas emission
accounting system of the agriculture including planting industry and livestock breeding industry. The study systematically
calculated the total greenhouse gas emission trend of Chinese agricultural system from 1980 to 2020. More specifically, it
calculated the greenhouse gas emission of Chinese agricultural system in 1980, 2000 and 2011 at the district and county
level. Moreover, the temporal and spatial heterogeneity of greenhouse gas emissions in the agricultural systems at different
stages was compared. It is found that the greenhouse gas emissions of the Chinese agricultural system showed a fluctuating
growth trend from 1980 to 2020, with an increase of nearly 46%. CH,, CO, and N,O are the three major greenhouse gases
emitted by the agricultural system. CH, is the greenhouse gas with the largest contribution to the emission of the agricultural
system, which accounts for 47.33% of the total emission. The proportion of CO, in the greenhouse gas emissions from the

agricultural system tends to increase. Changes in the share of N,O in greenhouse gas emissions from agricultural systems are
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slight. From the perspective of the source of greenhouse gases in the agricultural systems, CH, emission mainly comes from
rice field planting and crop straw combustion (56.20% ). CO, emission mainly comes from the crop straw combustion
(67.91%), and N, O emission mainly comes from livestock breeding (50.89%) and nitrogen fertilizer application
(31.05% ). From the perspective of spatial distribution structure, greenhouse gas emissions from the Chinese agricultural
system are related to agricultural production modes in different regions. The areas with high CH, emissions are mainly
located in China's main rice-producing areas and dryland crop-producing areas. The areas with high CO, emissions are
mainly located in the northeast, northwest and other regions and east China. The areas with high N,O emissions are mainly
located in the major livestock breeding areas in the northwest, and in the central and southern areas where the agricultural
economy has a high level of development. This study helps to reveal the dynamic characteristics, current status, and spatial
differences of China’s agricultural greenhouse gas emissions, and provides a scientific reference for the realization of the

dual-carbon goal from the perspective of agricultural emission reduction.

Key Words: agricultural system; greenhouse gas emissions; carbon emission accounting; space distribution
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B1 RIRGEESEHBZEER

Fig.1 Accounting system of greenhouse gas emission in agricultural system

(1) AP it 2 A HRE
X T ARAE YRR BRI A 2GRN HE 80 2 72 ok B I 2 SRR BT AR AR

5

El= 3, f, xP, (2)

AP, P ORE AT B (RUIE BRAC B AL :’E%HE,Z@E) NI 2 NGO PR Y S A SV U
SUARHE R R, WA 1

F1 RIEVBMBPBRANOREF REFHBESEHRRR

Table 1  Greenhouse gas emission coefficients of agricultural products input in crop cultivation

HEBCI T & SRR B P 3
Emission source Greenhouse gas emission coefficient/ (kg CO,-e/kg) Sources

2} Pesticides 18.0917 ORNL
AEHE Chemical fertilizer AL Nitrogenous fertilizer 1.5300 CLCD
WAL Phosphate fertilizer 1.6300 CLCD

HIAE Potash fertilizer 0.6500 CLCD

Z AR Compound fertilizer 1.7700 CLCD

ORNL . 3 E RS E 5 5252 Oak ridge national laboratory ; CLCD . e A i R D RE AP BUIE E- Chinese life cycle database

X ARA PR R AL RS i ™ A i 2 SUAHR R R 50

3
ES= Y A x (Ft+F,) (3)
j=1
ER=A, x Fr (4)
EN = PN x FN (5)
EC =ER + ES + EN (6)

AP, ES R BRI, 2 7 L 2 R 3 I, A, 23 BIFORAEA NS R RE R AR, Fr Fn BRI 32X
R R R, Py o 3R FEAT /INAE IR Y N, O HEZ K ER e H A MK DR AR 7 A2 19 CH,,
HERC, FrofRE ) CHAHECREC 5 EN Ros A EEE B N,0 Hii, PN R &L &, FN R 20T
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Table 2  Greenhouse gas emission coefficient of crop growth

HE HERH) HEBR 25 K
Emission source Emission Emission coefficient Sources
I Plough CO, 1146.2 kg/km? (F2ssze 20
IINEE Wheat N,0 £ /1NFE 2.05 kg/hm? P F e 4 22
FH/INF 0.4 kg/hm® TFrifis )
F ¥k Con N,0 2.532 kg/hm? BV
FE4Y Rice N,0 0.24 kg/hm? Wang!?*)
AUIEHEH Nitrogen fertilizer application N,0 0.0125 kg/kg IPCC

FIBFAYHER R BT AR C R BRI R CO, HER B CO, HI R B =C Hi R B/ 12x44)

H1 T b AR AR SN 1A 30 K R 3 iy, R AR AE RS AT Bl i R B8 Re, 3 LB Y % TR
TRRNIREE TS G | [ 2 HEBOR iR & S . A SO B RS FF 88 R AE B A 1Y CO, F CH, HEi, H ST B AS #F
i

WS, = WP, x SG, (7)
b, WS, FoRE | FRAEYIREFT = i, WP, 3o N5 j FRAEMI R & 057 &, SG, NS j RAEI IR LE
BEJS , THREAS AR R A i 28 A HE Rl
EBzszijFbijjxnj (8)
X, EB FR ROV LGRS SARHEUR, Fb, FR 58 j MR EDIRS FAEBE iR AL, 8, R j Fl
RAEYIFEFFAERELL | n, FORE | FRIEMIRSFTF SR PesioR ™
(2) ¥k 3 7R 7R = A HE O 5
X PR AR AR R = AR R A
EL= 3, N, xFl, (9)
) EL FRPEE Fm RS SRR, N, FR5 b M RO, FL, 2R b MBSO R AU
AIHER R B AR 3,

R3 FTEHEFENSLXBESEHBRY

Table 3  Greenhouse gas emission coefficient of main livestock breeding classification

Wit 4 Sl [ ET
X Intestinal Manure management X Intestinal Manure management
HEF P ) HER A .
i ermentation i fermentation
Livestock breed CH,/ CH,/ N,0/ Livestock breed CH,/ CH,/ N,0/
(ke 1aty (ke kha™)  (kgkTtah) (kg %1 a1y (ke Kta) (kg kTha™h)
W34 Cow 61 18 1 " Donkey 10 0.9 1.39
7K “F Buffalo 55 2 1.34 12 Mule 10 0.9 1.39
HAh4 Other cattle 47 1 1.39 B&3% Camel 46 1.92 1.39
I Horse 18 1.64 1.39 ¥ Pig 1 4 0.53
CH, HEB R BORIET IPCC 55 DU PPA R4S N, O HERL R B B I8 FAO A b & HEMY) N, O HEHcR: M55 i HE il 2 4

1.2 Bkl

ARSCA b FR B T 5 SBT3 R U T O A A A B T R AR S R R
PR A B 2605 7 B AR U5 F P B GE AR %) 20 L B RO AR %) Y AR IE A 245 B R R T (R AR
GRS 2 & SR AR R T Ch E B BO AR L) Y (P EBBOS AR %) Y X B G ks
L M A A A L3 e 3 T b A B ek
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Fig.2 Greenhouse gas emissions from Chinese agricultural system from 1980 to 2020
CO0,-e /R CO, Lt , CH, A1 N,0 HY CO,-e L ARG IPCC 5 PR PPAL R 54 1 ¢ CH, N, O FIro | & (I 2 30% 4 A S T 25 t 298 t
CO, 5

AL R GER 2= AR 25 (8] 2) ARl R GEHEBU TR = SRR CH, HER ) STk B & T
AR, ELBER [A] S % s AR fb ka3, 1980—1990 4F (1) CH, HERC I 22.44% ,2000 4 CH, HEM &AL T
1990 4F3 /1> 9.23% ,2000 42 J5 , CH, HER & 1 48 fL i AR K, 2000—2010 4R &2 354t 35 354K 3.7% , 1
2020 4EAR T 2010 4F CH, HERCRAT T R, F I 6.45% ., 1980—2020 4E TR AL R 48 N, O HHlcit 52 e 3
KJF TR o 1980—2010 4F N20 HEjif it — EAE K 1 2020 4F H 2010 4FFEAIE 11.97%, 1980 43k
FE A RS8N, 0 HER A 15465.31 J1 t CO,-e, g = T [RI4E CO, MYHEMR 1 2000 4F )5, CO, HYHER R &
N, O R h T A 2 et 3 S AHIER SRS — KK, 2000 4F N, O IIHERCI: Hy 22291.42 T t CO,-e, LLIF
AE CO, MHER AR 1.76% . 2000—2020 4, CO, HE & 2 Fp 2L K a3 ARG KR h 2.83% , 1980—2020
ELOLRSE CH, . CO, N,O MHEBE ARG R AR50 514 0.2% ,3.62% .1.07% , CH, B AR ZAO RS0 % A
HEBC BT MR AR R AR, (H AR B3R SR AL, AR IR B HL AR PR, CO, N, O AN MR HE U AT i K s g,
i CO, e, RIS IR AR
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TEF A =AW EZERESRMEA CO,, CH,
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8, 2000 4FHT 5 — 4% [A] #8052 7 ™ i, 4% B RO R
PEFNFIAE MY 19 A e R A7 B — o B2 BE 9 5 ), 7K e A T
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HERCE IS K 5 98 1 34, 2000 4F F T4 24 12 il ™ 5175 JL PR 58 I 52 e R Mk 2B 2 AR0L B4 L I AR
A B A L5 DA 251 FH R 5 BOR | 2 2020 4R 2548 H i i i = SR B — /20D

B3 1980—2020 F K EfE N FnFRE R EH =L 6]

Fig.3 Proportion of greenhouse emissions from planting and

livestock breeding industries in China from 1980 to 2020

B4 1980—2020 EHREME I BRESEHMEN

Fig.4 Greenhouse gas emission structure of planting industry in China from 1980 to 2020

PR R = AR R = AR R EUE CH, N, O, KB43R IR T R & e U S 4 shi 1 i e, DA K
SYFERZEAFIHMERL(E S) . ShYpiE k=4 1) CH, 4 E 77 58 b f oK R & AMHE IR, 76 4
B IR A IR RO 2 5 L 47.66% , ZEEE R AR N, O JE IR 5 Z RHRBCRUAR P
Heoh 37.30% , [A)B 200 48 Bl 25 7= A — a2 19 CH, HEBL, o5 #5780k R = A HE R 519 15.03%, 1980—
2020 AF-3K [ SR M AN [F] B [] B (4 AS [FIHE ORI 2 A 5 LU AR R AR 25 R PR A2 4k, {H 1980—2000 41 7758
A=A CH, AN, O (O HERE B #RBERT [E] AR Ao 3 KRR CH, MBS IR R, T R & A
TR SR T 3500 T = AR HE O 35 37 50 HE A F2 R, 3047k th T 52 B 4k 35 8 90 R ) 2 O )
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2020 4FECH, F1 N,O HEBCRAR LT 2000 43445 B S REAR
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CH, HEMCE — ORI, HoHRu = S &l RS A CH,
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40.04% ,2020 4Lt 2000 4 F B 7.26% ., 7350, MiE &k
BERLEA SN O, HFHCP S MBI 30,00, B ek i
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CO, AN R Ge il 3 SAHEL & L ES = KAk, 1
i EE R HECE RS AR B A2 19 CO, , T3tk
F67.90% , HUIEANE A 25 1 4 7™ it A TR] 42 7 2 1Y
CO, , F2 5 L2911k 20.50% F1 11.17% , &k iy +
AL IR S 7R A R O, AT SE Y R R
0.5% ., N,O B4R 7 GeHE K U5 4 DTk fy K 2/ 2
B ZE s B RN UL AR ED A K 8 +
5 N,0 fEil, shnZe g e EL L R4 N,0 HE
TR B R R, F 35 R 50.89% , vk S FUIE it H
PR N,O HERL, P34 4 R 31.05%, FRIE 2 =K
RAEW /N TR FEA KA1 N,O HEBCOE 34 i e
4 18.07% , Horh/hde | FRVE R SEAENEY A K B+ e
R N,O HE i 2 TR, 34 5 o o 7.14% Fi
9.87%,
2.3 Aol R& G E AARHE S [ RHE
FE BRI R 40 = AR HECE 2 0 5%

6 1980—2020 FH E X R A FIRESAHA LB
j"7 E%‘ E]/‘J [Zi'jﬁj\%ﬁﬁﬁ“ ( E] 8) o MEM‘IEU Q’ﬂjﬂé% ,1980 Fig. 6  Different greenhouse gas emission ratios of Chinese

FRRE R RGEREE SR HO R R m A E X EZEY agricultural system from 1980 to 2020
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Fig.7 Different greenhouse gas emissions of Chinese agricultural system from 1980 to 2020
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Fig.8 Spatial distribution map of greenhouse gas emissions from County-Level Agricultural System in China from 1980 to 2011
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Fig.9 Change of total greenhouse gas emissions of Chinese agricultural system from 1980 to 2011
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