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Abstract: [Objective] The spatiotemporal variation of agricultural carbon emissions and its main influencing
factors in the Yellow River basin were scientifically evaluated to predict the future emission trend, and provide
data support and decision-making reference for formulating agricultural carbon emission reduction policies and
regional collaborative governance plans. [ Methods] The agricultural carbon emissions from 2001 to 2021 were
selected from nine provinces of the Yellow River basin, the STIRPATextended model (stochastic impacts by
regression on population, affluence and technology) was used to analyze the driving factors, and the GM (1, 1)

model was used for forecasting. [ Results] D Significant differences were observed in agricultural carbon emissions
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among provinces and regions in the Yellow River basin, and the agricultural carbon emissions in major grain-
producing areas were significantly higher than those in other provinces. @ Agricultural carbon emissions in the
Yellow River basin first increased and then decreased over time, showing an overall ‘inverted U-shape’. The
quarter-on-quarter growth rate showed a fluctuating rise in the early stage and then began to decline slowly after
2012 until a negative growth in 2017, indicating that policy intervention played an important role in agricultural
carbon emission reduction. @ Among the driving factors of agricultural carbon emissions in the Yellow River
basin, agricultural production efficiency, economic development level, urbanization level, agricultural land
management scale and agricultural mechanization level were the main factors leading to the increase of agricultural
carbon emissions. The energy intensity of agricultural machinery had a restraining effect on carbon emissions,
and the technological progress may offset part of the carbon emission reduction effect due to the ‘rebound effect’.
@ From 2022 to 2035, agricultural carbon emissions in the Yellow River basin may exhibit a downward trend,
while maintaining a high level, and agricultural carbon emission reduction pressure would remain large.
[ Conclusion] The potential of agricultural carbon emission reduction in the Yellow River basin has not been fully
realized, and agricultural carbon emission reduction should be further achieved by accelerating the application of
new energy technologies, popularizing green and low-carbon production technologies, building a whole-chain
management system of agricultural waste, promoting the optimization of agricultural structure and the innovation
of the coupling model of planting and breeding, and building a collaborative development system of ecological and
organic agriculture based on local conditions. At the same time, it is necessary to establish a dynamic balance
mechanism between economic growth and emission reduction targets to avoid the risk of carbon emissions rebound
caused by extensive development.
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Fig.1 Location map of nine provinces in Yellow River basin
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Table 1 Sources of agricultural

carbon emissions and their coefficients

TEYI R Y% 708 TEFF A bR R R
o meigyy o ER e ) oW BHMAN B R/
i 5 (kg + hm ) BRI kR R R IR EA WE (gokg ) T 5 (ke kg 1)
7o CH, CH, N,O
N 2 1.75 YIS 68.00 16.00 .00 Ff 0.90  0.93 1460 A 3.39
EPS 2.53 S 47.80 1.00 139 K 110 0.93 1460 e 0.64
K5 2.29 2 18.00 1.64 139 E ok 1.20 092 1350 e 0.18
i £ 0.95 o 10.00 0.90 139 K H 1.60  0.68 1445 240 0.38
pio 0.95 L 10.00 0.90 1.39 2k 0.50  0.68 1445 & 5.18
TSEHF 0.95 i 1.00 3.50 0.53 WA 150 0.20 1445 55 3 0.59
2 4.94 * 5.00 0.16 0.33  #4E 340  0.80 1445 bl 4.93
Bk 0.95 P& 0.02 0.02 44 0.80  0.80 1445 A RCHE 1 AR 266.48
*2 BAMEARMRBRHRRE
Table 1 Regional carbon emission coefficient of rice cultivation
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Table 3 Open burning proportion of straw in different provinces and regions A%
i Fili AT 58 R 56 45 L A3
: f R Tk K % W R MIE T
1] 8.4 36.0 25.3 24.3 24.3 24.3 24.3 27.5 24.3
ITER 9.7 19.7 23.4 17.8 17.8 17.8 17.8 18.4 17.8
bEREE] 19.7 34.8 19.3 20.8 15.3 20.5 20.5 14.9 20.8
i 25.6 16.2 28.8 20.8 13.4 20.8 20.8 20.2 20.8
B vy 6.2 13.4 22.0 14.4 14.4 14.4 14.4 15.8 14.4
HH 8.5 6.7 15.1 9.2 7.5 9.2 9.2 8.1 9.2
H i 0 8.1 6.5 0 4.1 4.1 4.1 0 4.5
TH 19.7 20.3 18.2 19.4 19.4 19.4 19.4 0 19.4

2.2.2 RIABBHK K3 B F STIRPAT A&
IPAT £ £ B 2 B Ehrlich P. R. 2815 1971
R, R AL (P R E (A R AR K F

CDXFIREE 1 (D B RA | e — R A =R
I=PXAXT (3)

A AR IR RO, 38 P Ak HE it ol 3R 5 95
KR s PACER A RS i 3 N F R R R 5 A
PR W MR, W 0 AN P ik R TR R
KA T8 R T RE UR ot ok SRR o B A 4R A —E
PEFMBETARES AN S% BARAZEN LR,

ELAR X3 ok AR Ok S = Z M B R
STIRPAT /& Dietz T. %%} T & 1F IPAT
P8 45 20N B8 40 A 748 it 22 (8] 1% 28 B AR R R Ze 1 ¢ &R
X — AN T A ST Y B AL B 05 5 e A AR R IR R
TN &0 FARIKF X 34 B ZE A gl if 4l 57 X 3R
B AR W s HL AT BT DS T AN A R 2 BT
FAE B HE B3R 3 IO Ar BT 8RR LR B Y
STIRPAT #5738 2k 5| A #2550, Fu i A [ 5K 2l A
EXABE WA ZIELME LR, BEA A
M e sh 7% . T H STIRPAT B (1) 2 8 Chn gk &

LSIA
2



248 pi s U E SR

o545 %

B0 B AT W 1Y 28 T AR B R S T R A% UK Bl [
R FRBE 5 ) 1 DR

[ BF STIRPAT #5714 = 2 M 45 X B 0 0 47 b
PG /NEA B th 0 5 J% OC &, RE 8 38 1 8] 5 43 B
A R R A OC R o A0 Y AT AT R BL AR 2=
B | R B R B 00 BRI R AT U RN Bk, /N EE
ABIEE T FBOL A SRS, STIRPAT #4438
b PR HE B2 0 S8 TR g6 PR AR B OC &R L Wb T AE /D
FEAK S H i S A B9 UK . STIRPAT #5543 4 7]
PLFTR N

C=bXP"XASXT*Xe¢ (4)

K CHBRHARI & 5 6 R H I t HED s a. B0
W AT TR B 5 e iR 2=

AR ST ph R AR I R T T, A2
205 AR 3A &, X STIRPAT B 81 k47 3

J' iz AR T R e vE TR 2 AN T B i R
Kayafd %50, A STIRPAT Ry
C=0b X CL* X SL” X GI,* X PL,’ X

GA,” X AE,? X ¢ (5)
b R E RO e IR ARG CARER
B HE AL 5 CT Ry B AR ML AL 8h 1 e HE e iy e, 4% 2
AN AL FE VR R B 5 ST B 55 — 7l Bl A Ay
K Al (8 AR R B A AR AR G AR AR
PREES RN Z I RERE TR R PLRY Y
AR D RN T AR IR s GA Y
BN AR — 7=l ol A T BT 88 1 B TR AR R R
b 2B AT AE Sy B A b TR T I FE B Ak LA
1 ARERRAM ALK 0 f.x. 0 0. ¢ HGETT N
U ZR B0, B A e A AR Ak 196 5] e HE ik = A 3h 1 43
oo #5728 i SRR PEGE T L3k 4.

T4 RUBHABENTENE X RHER TR T

Table 4 Definition and descriptive statistics of various variables of agricultural carbon emissions
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Fig.2 Distribution of agricultural carbon emissions in Yellow River basin from 2001 to 2021
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Fig.3 Growthrate of carbon emissions from various
agricultural carbon enission sources and total
carbon emissions in Yellow River basin from
2001 to 2021

2017—2021 4 2 P S, AR M A H  F &
B 1 4 e HlE B B K R B L L R AR A R
HE & B 5 (/& 2020 48, O 5.98 X107 t, i J5 2218
R AR FL AR HE i B AT E SRR 03X PR U B B
B W AR R A TR AR B Al
K AR A 25 FZ 3G AN 57 5 R A5 sl HE
e it il DA 32K R 1 ] i I T R AR T Y ISR AR
TR R R . SR BE T AR Ak A A T (ARl SR
KA AR T (2018—2030 4F ) )¢ 5 T 81 357 44 i HL 1
M E A 2 10 % R R R L) (2017) ((TF R RS A
PLAE B AR AL IR AT 3 77 28 ) (2017) %5 — Z 51 PR B 5
AT LA H P Al & R 28 7 DA R D 1) 4 o {1 B
CEETEIA8
3.3 STIRPAT & E B35 #7

iz ] Stata 16 ¥, 3 45 & A L (6) & 2001—
2021 AF ¥ I 3t $ul itk HE R A AE OC B4l #E 47 OLS [ml 15 43

ffﬁ ﬁﬁﬁaﬁ;lﬁlﬂ X 4 AU AT LR M4 BT, K IR A
AENTEEKKN T (VI KT 106
F)?m)o

x6 RAUBRHEMSTIRPAT#HE W F £RKEF
Table 6 Variance inflation factor for each variable of
STIRPAT model of agricultural carbon emissions

oS i F-H o o g 2 VIF
InC 9.596 0.060

InCI —0.649 0.215 44.184
In SI 1.190 0.536 106.503
In GI 1.794 0.156 8.040
In PL —0.963 0.309 41.015
In GA 1.466 0.324 47.495
InAE —0.381 0.185 23.504

XEHRREEA @S IR ERR, £ TR
() A7 76 = B ) 22 B LA PR o R T R A e M 4 1 TR
P45 B R0, A iz FH stata B0 2F , 2R I 8] 09 325 %6
BT L S8 M Al HE ) B T B0 S AT St el E
I M EERINER TR . Y A=0.38 I, F AR R IT UG
FROE . MR R 6 A E Y T 5% Rk
55, R* 0 0.860, & 1L FE 84, 15 BB R
InC=—0.034InCI+ 0.012InSI +
0.124InGI + 0.019InPL +
0.0221In GA + 0.04InAE + 9.338 (9)
— AR I A A5
C=9.338 X CI ™% X ST™? X GI"* X
PI,O'OIQ >< GAO‘OZZ >< AEO‘OJ‘O (10)

F7 RUIBHESEZTENREEABNEER
Table 7 Ridge regression fitting results of agricultural
carbon emissions and variables

bR bRifEdl

W H s g P HIHE sig.
gl 9.338  0.044 0.000  212.221  0.000
InCI —0.034  0.010 —0.128 —3.272 0.005
InSI 0.012  0.003 0.106 3.561  0.003
InGI 0.124  0.024 0.326 5.193  0.000
InPL 0.019  0.008 0.098 2.374  0.030
InGA 0.022  0.009 0.120 2.383  0.030
In AE 0.040  0.019 0.124 2.130  0.049

:R*=0.860; F i it =16.328;sig. F=0.000.

X QO AT LAE H, HUAK AR IR 58 B Ak A= 7
B T R RIK T IR ALK A Ml 2278 R
b LA A 7K ST % Btk HE R 52 e 4 £8053 51 D —0.034,
0.040,0.021,0.012,0.124,0.019, H: P 52 2 X R4l
BB A8 IR SR B B 2> 1960, AR b B HE B R 3G
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0.034% Al A= P23 R 2% & K B A K
g b, 25 5 A AL AR K ST B 1S i 106, AN ik HE
A N H3E A 0.040%,0.021%,0.012%,0.124 %,
0.019% . Hoep gl A 7= 2R (25 & B K F  lE
AR A Hb 28 75 IASE A Ml LA Ak 7K ST X Al Atk HE
T 1 R B — o 4R EVE D, 5 S 2 A B 5
SR —3 L VRN SRR B X, I 4 R R
KT B H 1 R AR M WL P 4 4 T 0 B 1) ) 5 S A R
BEAR SCHRE iR AL MUK Ak 5 35 5 3 T ARl A = AR
W T 95 T BRI T A AR, R kR
T AR AR 8 A 38 i [ s A B 2 AR A RE TR
THAE R 3G, DTG 7 2 17 B8 /35 1) 6 VR 05 6 0 B HE A
WAL KT 32 T BT 57 3 TR R AR AR R N
WAL b BE VR A, AR M 28 B RS 4 R ik
T A HLAE AL RN AR 2 Ak ARk ik — 2B B T ik HE
B A HILAR BE 5 55 3 1 R AIG 2 5 BOURO ik HE ik Y
B0, X AT BE A MR R, YW R
Jei AR A PR A% R 48 vy Lot P o8 v e 4, AT R 3

BLA B A BEAR, A 7 (o FH SR 38, 45 AN AUR 23 /b
REFE, SN 23 NAREAE . fh oL vl DL, 7 HE T 24T B
A BG4 TR B 75 2 o e Xof A L AL AR A P A A5 2 D
15, 3 G PR Ao P K T BB AR
3.4 gl R HE R A9 T
3.4.1 GM(1,1)Fn

AR 55 T SCRT R 2T 3 g ol e HE RS A4 5 hy
Jo T E G, S EUE U B A 2017 4F B3 i 4k A4l
T HE T30 B 0B B 5 T 46 N R o R ok Al e HE T E
Tia) E AT e S0 3k B ok F AT £ A e HIE TR RS X 9
7= e, AR SCRL 2017 45 S H AR, WG 45 LS a,
B 2012—2021 4F (35 10 a) Bk HE il B0 hy 2 vf |, 38 A
Matlab # 4, % F1 GM (1, 1) K £ 15 I 46 84 % 2022—
2035 A H T Y8 3 A L it HE ICHE AT F00 A o 3E i
TR AT S0 B Y )T 00 22 K 06 /MR R 2 p=1, 7
2210 ¢=0.138 718, TIAS B2 Ry 1, T i) ~F- 241 40 XF
BR2EN o=1.027% , i B T 45 5 3¢ 4 ELAT 2%, 50 Jr
PO @, o fB WL 8, TH 45 5 0L 3% 9 Tk 10,

*8 MMAENRa,ulE

Table 8 Prediction equation and values of a and u

it H GM(1, 1)#EAY

T 7 A aff uff

gl ~()
e HE I

a

_ (0) u —at u ~(1) - ’
x (hLl)—{f <1>**Je T (rF1)=—17842.421e "M 417 852,061

0.0005  9.6737

RO 2012—2021 £ FIA T A b B HE AL
GM(1,1) B A IHESMNE
Table 9 Estimation and prediction of agricultural carbon
emissions by GM (1,1) model in Yellow River
basin from 2012 to 2021

P e HE AN B/ ﬂiiﬂﬂ/{ﬁ/ W
(10" 1) (10*1) (LX) /%
2012 15 370.055 15 370.065 0.00
2013 15 546.840 15 770.171 1.44
2014 15613.948 15 687.809 0.47
2015 15 711.499 15 605.921 0.67
2016 15 651.042 15 524.505 0.81
2017 15 836.977 15 443.567 2.48
2018 15 458.344 15 363.074 0.62
2019 14 967.188 15 283.055 2.11
2020 15 035.445 15 203.495 1.12
2021 15 196.944 15 124.392 0.48

3.4.2 FAMLRE 57

5545 22 8 v FIUI AL A0 AR B HE A B (R AT A, A
2017 AR, B U SRl B HEHOT 4R T B, #4545 S i
SN R Ay A Bk HE RS $ R BF

L R CE R E & R (2016—20304F)),
2020 4F rf [E 3 B A R R 63.9 %, 2030 4F 85 K K vk 2%
WA AL UE AR SR R B TR R 700 MR IR AR SCRIF ST
A, >4 i T A SR A % Oy 57.09 % AR T R K P
K-, nl DL U B A 3 0 e A AR SR A AR K —
B E) NS T ) 57 35 KOF- T ek A Ak R R A
52 B AR A 9 HE X 5 AT S0 STIRPAT #5 # fie
RIEE R —F AU, e e N R IR E E R
W% AT 45 K RS - DU AN TLAE HLR AN 2035 4F G 5
T 4 B8 ) A A DU R ARl R R B AR A R R ) v
2 52 B B A TR IE S R IR 2% 2R B TR R
i BN AT S e i A B K 5 P AR 7 R FE AR ]
LK W S JE R 28 fRIE 1.20 X 10° hm?
FEAR A T o I R AR M R S A A R AR
A A 7= b R TR I RT R 2 S BOA b i FHE T
oo BRI A AR E T U 4 RO AL AR &
JE H R ) R AR, 2020 AF A A 4 HL AR Ak 3 3 oEH N
71% ,20254F 9 HARE R 75% , 3 K Sy P4 4 g IR
K J AR NE W DA AL 56 B 5 T A 4R T, R A Al Bl
PP 7K T 1 R (E A 2 5 B0 b 5 2 ) i —
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AN . BEARCRF B B 2017 AR 2 JE AR
fe & HUAS T — 58 WU o Bl A A Ml 8 HE 55 R A
BRI AL & RAZ BB A&, BT ARk R R
X A Ml s HE 26 BT SR R, 0 A AR L S il A Ak
JH 58 09 AT 25 5 21, ¢ (08 BF 28 0% B9 A&
=B . BN, ok BURS AR 8 B A5 7 KRR 8 s
A WA RS Rg A 8000 B HE T, DA B AR Al
SR 1% R A i HE B
R 10 2022—2035 F F A7 18R e B HE A
GM(1,1) =B Fil &

Table 10 Prediction of agricultural carbon emissions
by GM (1,1) model in Yellow River basin

from 2022 to 2035
AEAy T A /(10* 1) AEfy T /(10* 1)
2022 15045.743 2029 14 507.681
2023 14 967.556 2030 14 432.564
2024 14 889.797 2031 14 357.887
2025 14 812.493 2032 14 283.627
2026 14 735.633 2033 14 209.781
2027 14 659.212 2034 14 136.376
2028 14 583.239 2035 14 063.379
4 W

AR SIS T B A A0 38 A Al Bl HE R ) o 2 95 2
ik S R Wi PR 3R o DS ) o0 A SR AR, BT Al
i HE O R AT AR TR R AP JE R AE I L AR
T R SO R W HE R 2 e T A X, X
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ot REL Ml 5 B A0l I 78 ARl A 7 2 L R N T R
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P IR B 15 e 15 1 4% 11 ) (3 2020 4F A1 A 18 ] 40 %
KAT 80 I7 58 )45 — Z B0 A Ik HE B A S0 , Al B
HE 3G B TSR P AE 2017 AR SR R U R . X
P, B RO BR ISR - A 45 T B .

PSSR i R St € SR Y
LA KO A M 28 R A BB AL K R
T SO AT I SR M e HE RS ) E B R X — 4
5 ST o A — 2 MU AR K P R M 25
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A HLAE AL 1 385 K B AR R T AR AR (R B R n
T b A RE VR YT AR DT B HE S L e Ah R
Hb 25 B AL P A S T AR kA e HE— 25 iR
TRRHER . 2T KR KT B Ak K P X Al e HE
I B4 5 ) S R M DU RN, . 4R KR R AR L BRAC AL
PEAL T Wy B AL AE A R T A BR R SR 5 bk B
b AR B T AR R 55 Bl ) AR A HE Bl T ARl ML L
1387 K, ) 42 B8 0 T B HE o AR Ml AL AR BE U R R X
e HlE JCEL AT 00 1 A D sk 3R B v Al WL AR T R R
TR FH 2850 3 2 ek 2 i HE R A RGE AR . IR A FE R E
A IR Il G S G VAN B S 1N A
FH AR B0, DT HC T 38 A0 s HE R . B FE R
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BLAR AL .
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FE— B Th 25 0] o B >k R 3 SR T 48 3 A1 4
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HEGM(L, 1) K o T A5 764 Sk Xef 28 Il 90 358 4 Ll ke 1 ik
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A1 4 A v K JE R AE I Il AR I R A A
KA e HE R it i 35 T b DX, R S BT It B
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