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Abstract; Crop farming, along with ensuring national food security, is also an important source of greenhouse gas ( GHG)
emissions in the agricultural sector, and therefore acts as a crucial role in global warming. As the world’s leading
agricultural producer, China feeds 20% of the global population with only 7% of global croplands through constantly
improvement of agricultural practice including the increased input of fertilizers and pesticides over the past decades. With
the implementation of the Sustainable Development Goals of the United Nations and China’s carbon neutral strategy,
accurate estimation of GHG emissions from crop farming has a significant position in the path of realizing the carbon peaking
and carbon neutrality goals in China’s agriculture. However, a comprehensive, long-term, and spatially-precise profile of
GHG emissions from crop farming is still lacking in China. In order to accurately understand changes of historical emissions

and their implications for future mitigation, this study quantitatively analyzed the dynamic changes and spatial differentiation
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patterns of GHG emissions in China’s crop farming from 1978 to 2020 based on multi-source statistical data at the national
and provincial scales, respectively. The results showed that the total GHG emissions from China’s crop farming showed a
significant increasing trend from 1978 to 2020 (P<0.01). However, there were two significant decreases from 1997 to 2003
and 2012 to 2020. Furthermore, the reasons for these decreases were not the same, so that the GHG emission intensity (i.
e., GHG emissions per unit of grain production) showed opposite changes in these two periods. Particularly in the period
from 2012 to 2020, there was a decrease in GHG emissions and an increase in grain production, which resulted in a
decrease in GHG emission intensity of nearly 20%. This finding showed a synergistic realization of the goals of increased
grain production and GHG emission reduction. From 1978 to 2020, GHG emissions from crop farming at the provincial scale
showed a spatial difference of higher in the south and east while lower in the north and west, and the overall pattern
corresponded well to the distribution of the mean value of grain production. However, grain production increased from 2012
to 2020 in most regions of China, whereas the GHG emission intensity decreased in these regions to different degrees, which
mainly due to the reduction of chemical fertilizer and pesticide use. Specifically, the application of nitrogen fertilizers and
pesticides declined to different degrees from 2012 to 2020 in Northeast China, North China, Jianghuai, and Sichuan-
Chongqing regions, which did not affect the increase of grain production, but contributed to the reduction of GHG
emissions. The results of this study showed that the implementation of ecological civilization construction policies has made a
positive contribution to the cultivation industry to achieve the goal of carbon peaking and carbon neutrality under the premise

of ensuring China’s food security.

Key Words: crop farming; greenhouse gas emissions; spatiotemporal changes; China
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Fig.1 Changing characteristics of GHG emissions in China’s crop farming from 1978 to 2020
EDGAR ; 23k R S5 HERCEE 4 Emissions database for global atmospheric research; GHG; {25 S4A Greenhouse Gases; &l H1 i €4, 1X 45 43 31
fR3E 1997—2003 471 2012—2020 4EFIANI Bt

http ; //www.ecologica.cn



20 14 R AF AR A SO BT o [ AR R 2 UACHE R 23 U AR 9203
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TR0 AR LA S B SR E S R s, R AR B E > T 12.85% (&1 1) | [R] Bt 4 P s A i K A%
LRI K AR A 5 | B HE i i 20 S R T 13.05% 1 12.99% (36 1) , 3% 3% E A GHG HEjk & 78 1997—
2003 4E[H] A PT TR,

(2) 7F 2012—2020 4E (0], FE AL GHG HEFLM 673.90 Mt CO,-eq FFEZE 592.90 Mt CO,-eq, X FE 5
2012 4F LRI 2] S AR IC R 1 A S SO R LR O T A EAEAR KRR B HE S T R E ARl g e (IR R R
e it I SEC it A AT A 24 08 B 1 550 7 8l LIS X6 T ARAE ) A rh B A ) RIS R 245 1) A= 7 i 5 L ) HE Tl 2 053
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Table 1 Rates of change of GHG emissions and their components in China’s crop farming during 1997—2003 and 2012—2020

NEE R e

gf]f_eliént tssibjjfz Tmissions 19972003 20122020
HEJC L # Total emissions -6.18 -12.02
VEMIREFT 8 KA HE Crop residue open burning -13.05 10.94
JKAEFIHE Rice cultivation -12.99 -14.46
A FHHERL Cropland emissions -0.89 -22.19
LML LR Machinery use -3.38 19.31
ZAEA: = Nitrogen fertilizer production -1.36 -23.43
A2 77 Pesticide production -2.02 -23.18

GHG: % SAE Greenhouse gas

PE—4 T Pearson MM T iR T . EMAHL. GHG HEMUE 5 4540 2 18] (M1 56 R B0 % H B 2%
PE,INFE 2 iR, 7E 1978—2020 4E (0], 3% FEAME. GHG HECR 5 470 it Z M AETE RS I A O 2 2R (P<0.05)
K A AP AR 5 R A HERCE AN, Hofh 4 B8 SR, GHG HER & A9 A6 R B LE 0.78 DL E ., #E 1997—2003 45
], & E R, GHG HEB i 5 /R P RS 1 28 K38 58 MUK RS R 5 1 A HEBCE: 2 R AF R B A AR 6 6 &R (P<
0.05) , HHOC R4 0.97 F10.96, BT VR RS FT 5 XA be Rl K R AR 5 | 36 %) HE i o o2 PR 2 ik — e B 3R
FE R, GHG HERCR S i BB B . 78 2012—2020 4F 6], 3 E Al GHG HE i 5 /K R Foid 4 FHHE
TR A: = AR 2 4 7 5 R A HE I 2 R B IR 56 56 3R (P<0.05)  AHOC R B TE 0.92 DI -, R IABR
BEHEHERN , R X — B B E A, GHG HER BRI B2 A

&2 1978—2020 £ ,1997—2003 ££F0 2012—2020 FHEFMEN GHG HHESEHEZ HHBEXESWER
Table 2 Results of correlations between GHG emissions and different components in China’s crop farming during 1978—2020, 1997—2003 and

2012—2020
AR A HE R - TEPIREFT - , AL -
J=! =N 74 : : & é"“ &
Different types of emissions HERCE & T KGRI A kR e AN R
HEBUE A Total emissions 1
LT T A
fERBRARE 0.86/0.97/-0.47 1
Crop residue open burning
71(, *Llﬁ‘m . -0.67/096/096  -0.75/0.90/-0.32 1
Rice cultivation
KL . 0.96/0.50/0.92  0.77/0.60/-0.69  -0.73/0.29/0.79 1
Cropland emissions
Z?\“/M.W@ﬂq 0.78/0.03/-0.66  0.95/0.06/0.89  -0.75/-0.13/-047 0.66/0.26/-0.88 1
Machinery use
A
. " . 097/0.647092  0.79/0.72/-0.69  -0.75/045/0.78  0.99/097/0.99  0.69/0.16/-0.89 1
Nitrogen fertilizer production
Prezil s
0.95/-048/0.95  0.83/-0.36/-0.66 -0.77/-051/0.86  0.93/-0.34/0.96  0.80/041/-0.83  0.94/-0.39/0.98 1

Pesticide production

F22 hilEE L A/B/C B ZE7R, A 7 1978—2020 4F Pearson A5G R4, B 7 1997—2003 4 Pearson F1E 24, C 7 2012—2020 4F Pearson F106 2%, MHE R
BT 0.66 Fnilsd 95% Y i & P 5
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FiENY. GHG HER B T FRAIK T 40.64% . SILEAS, & -“g 0.8 30000
AR —E B Btk 22 5 (B 2) o Bl FpfEdr - E B A N S DV
GHG ﬁFﬁiﬁﬁfEE 1997—2003 fﬁl‘Eﬂ.LHI)W,T/J\TFEijJH,yS "1978 1984 1990 149;{69%{002 2008 2014 2020
FEIRTE N 6.43% ; (H T AE 2012—2020 4[] Hy B T ek
TR, BT 20% B2 1978—2020 £ R EFE GHG HEH 3 B B2 (L S1E

Fig.2 Changing characteristics of GHG emission intensity in

22 fé\iﬂﬁﬁgﬁliﬁﬂk CHG :leﬁi E/‘J/}E/ﬁh%%ﬂr China’s crop farming from 1978 to 2020

1978—2020 4F 4 SR E B GHG HEBUEES  jgups e o 1 bigs 5 625 10972003 4 1 2012—2020 4F i 2
ML )™ B 22 47 M (14 25 18] 43 A A7 16 B0 1 6T I 56 &R
(B 3), “HZM PSR BN 0.75(P<0.01) , e AR B P s e (1) A X, — gDl GHG Rk &=
AR R (%) o anEl 3 Frow , APk GHG HERGE Z4F E AR T 0.49—52.32 Mt CO,-eq, RELH “® =L
% AR VU A bl 22 5 Hor RS AR AR P R L DX (R AEDLY. GHG HERCE: 22 45 (AR XT3 e | 357 i 7
20 Mt CO,-eq VA -, AL AN PE I X ZAE S (ENIFE 10 Mt CO,-eq AT (K 3)

TR AE /Mt HEHCRIE/(Mt CO,-eq)

= <10 = 20—25 =<10 = 20—25
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B3 1978—2020 HRERB=EE5ME L GHG HINE S FHENZE ST

Fig.3 Spatial distribution of multi-year averages of provincial-scale grain production and GHG emissions in crop farming from 1978

to 2020

#3 1978—2020 EREARMRREE5ME I GHG HIHESEHENSEITER

Table 3 Statistical results of multi-year averages of grain production and GHG emissions in crop farming across different regions of China from

1978 to 2020

X 1, AT &=/ Mt Al GHG HEjil it/ (Mt CO,-eq)
Regions Grain production GHG emissions in crop farming
%t Northeast China 2536.20 15.78

4£1L North China 1114.39 8.61

1E7 Southeast China 1945.62 25.57

"R Central South China 2457.65 38.90

PR Southwest China 1628.96 22.19

75t Notthwest China 626.21 5.83

http ; //www.ecologica.cn



20 41 R A5 RSSO v E ALY IR AR R 2 R 9205

PIBARIES B 2012—2020 45041, 1Z B B 4 [ R 70 b DO B = i #R e B B S 44 (A S5 2 A T, 4 [
KRG XA, GHG HEHGRIE AR TR 4) R IR E R AL Aedb A28 b APG e X 3 T
S R R BRRRIE , I PR GHG HERUH I8 AU ¢ & |, I HLARIL AR AR HLIX. GHG HEBR JE 11
FEIRIATE 20% LA (£ 4) , BAREE I HRAA A& = 8L T /INIE B 2h (PR IR 2 10% ), (HiX B IX GHG
HE R B 0 R b R A T 15%, N 4 iR, A 15 BB IXR B 7 25 GHG HEBUSR B 19 A8 1k R A
2012—2020 4F[a] 34 R IEAE, 47 5312 V0 5B 1 DX (A PO J8c B i L 7 9 AT ) GHG HE® B2 A 38 IR 7E 15% LA I,
HH S 3 T A R R A R

FERAALR % HERCHR BEAR AL/ %

= <20 =0—10 = <20 =0—10
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Fig.4 Spatial distribution of rates of change in provincial-scale grain production and GHG emission intensity in crop farming from 2012

to 2020

R4 2012—2020 FREFEMRBEESE FEL GHG HIBGRE RIREABRRRABAENELE %
Table 4 Rates of changes of grain production, GHG emission intensity in crop farming, nitrogen fertilizer application and pesticide application

across different regions of China from 2012 to 2020

; - FiEL GHG HE 8 i FUIL T & -

X b Here i I SRR A 2T
A . . GHG emission intensity Nitrogen fertilizer L T
Regions Grain production . o L Pesticide application
in crop farming application
Z<dt Northeast China 11.93 -9.86 -24.78 -20.86
4£4t North China 17.68 -27.11 -29.62 -25.85
47 Southeast China 8.49 -24.97 -26.01 -29.64
H1Fg Central South China 7.01 -19.31 -24.84 -15.43
V4TS Southwest China 5.35 -19.37 =22.72 -26.05
P43t Notthwest China 4.65 8.42 -5.68 -26.32
3 g

AHF5E & IR E AL GHG HEBCAE 1978—2020 4 (M]3 M I 2 A3 ik 2 (ELsc ]t 30 T WG TR 38
W1 I B, 43308 1997—2003 4F 1 2012—2020 4F, ik — DI ibiz 45 R ny il gk | 5 T 2 sRoR S 52 4k
JBOSUIE PE (EDGAR) %t 38 B Ak GHG HECE #E4T T 4831, W& 1 iR, 3£ F EDGAR i (14 3% [ 4l
GHG HERCE AR 5 AR5 R, GHG HE B 2 45 5 2 B AR B0 1 — 30k, & AR C R B0k 0.89 (P<
0.01) . F#illJE, JEF EDGAR ¥ )R E RV GHG HECEBAE 1997—2003 41 2012—2020 4 H I T FFRE,
ARG UE 7 AT SR 0 S 3E (B 1) o B2 i T P50 28 0 0 & AR TR, 41 EDGAR B F 24
TR E R T A Al s ke A 8 HE (& N, O [RIEEHERO) 407, AR W% I8 T 5
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