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Abstract: [Objective] The spatio-temporal characteristics, driving factors and future changing trends of carbon
emissions from the planting industry in Shandong Province were analyzed, in order to provide scientific guidance

for the province to formulate differentiated carbon reduction measures and achieve sustainable agricultural

I 75 B 85 :2025-07-29 &3 H #8: 2025-09-17 X A B #:2025-09-19

BEIRE : [E Ak SRl 4 W AR H T A A ME 5 XM A A SO A BRI S T (21CGLO40) 5 15148 1 284 & Bl 2235 41
TG m bR B R R = A s LA SR S B A S IS AF T T (23Q060) 5 T RS A - mu AU Al A AT R R R A
A5 H (QHKLYC-GDCXCY-2024-226)

B —1EE FEK B (1999—) , 5 QUUED I A I T 13 A, B0 B 9 28, R 98 0 1 b Al s HE IR =4 " 1) . Email : 3410334190@qq.com s

BEMEE AEH (1989—), 5 CBUFE) , Hlr & sl i A 1, B 2Rz, 02 S0, =5 28 IS5 - b ) 255 18 B T 28 55 O I A A 9 . Email .

Renjun@ghu.edu.cn,



%1 BRI A L ZR A TR ML Bk 1 G IR 23 AT 3K 3l (K] 36 R LR SR A8 fe i 3 307

development. [ Methods] Based on the agricultural data of 16 prefecture-level cities in Shandong Province from
2005 to 2024 in the ‘Shandong Statistical Yearbook’ , the carbon emissions and intensity of the planting industry
from 2004 to 2023 were measured using the carbon emission factor method. Combined with the Tapio decoupling
model, LMDI model and grey prediction GM (1, 1) model, the spatial differences, driving factors and carbon
emissions from 2024 to 2033 of the planting industry in Shandong Province were studied at both provincial and
municipal levels. [Results] @O From 2004 to 2023, the carbon emissions of the planting industry in Shandong
Province showed an M-shaped change of ‘increase-fluctuation-decrease’ , with the total amount dropping
from1.07 X 10" t to 9.26 X 10° t. Agricultural materials input was the main source of carbon emissions in Shandong
Province’ s planting industry. Among them, chemical fertilizers account for the highest proportion (46.16%) ,
followed by agricultural films (18.15%) and irrigation (15.85%). Among crop planting, corn was the largest
carbon source, accounting for 32.24%. @ The carbon emissions of the planting industry and economic growth in
Shandong Province have shifted from ‘weak decoupling’ to ‘strong decoupling’. At the municipal level, high
carbon emission areas were concentrated in Heze, Weifang and Linyi cities, while low carbon emission areas were
in Zibo and Dongying cities. @ From the perspective of influencing factors, planting industry production
efficiency, agricultural industrial structure, regional industrial structure, and rural population size inhibited carbon
emissions, while regional economic level and urbanization level promoted carbon emissions. @ Over the next
decade, carbon emissions from the planting industry in Shandong Province are projected to continue declining,
with the total amount dropping from 8.95X 10° t to 7.32X 10° t. At the municipal level, Rizhao City will have the
largest reduction, while Zaozhuang city will have the smallest reduction. [ Conclusion] Over the past 20 years,
both the total amount and intensity of carbon emissions from the planting industry in Shandong Province have
decreased. There is a positive development between the carbon emissions of the planting industry and economic
growth. Planting industry production efficiency, agricultural industrial structure, regional industrial structure, and
rural population size have played a certain role in carbon reduction. Regional economic level and urbanization level
are the main factors contributing to the increase in carbon emissions from the planting industry in Shandong
Province. In the future, the carbon emissions of the planting industry in Shandong Province will continue to
decline, but the pressure to reduce emissions in high-emission areas remains considerable. It is necessary to
promote green and low-carbon development in agriculture through optimizing planting structure, improving
production efficiency, and controlling the input of agricultural materials.
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Table 1 Carbon emission coefficients of various carbon sources in planting industry of Shandong Province
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Fig.2 Changing trends of total carbon emissions and
carbon emission intensity in Shandong Province’s
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Table 2 Total carbon emissions and carbon emission
intensity of crop farming in Shandong Province
from 2004 to 2023
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2004 87.90 19.34 107.24 0.567
2005 90.95 19.62 110.57 0.544
2006 94.70 19.53 114.23 0.500
2007 95.37 19.92 115.29 0.445
2008 91.99 20.04 112.03 0.391
2009 90.95 20.29 111.24 0.351
2010 92.04 20.33 112.37 0.313
2011 91.65 20.48 112.13 0.300
2012 91.44 20.59 112.03 0.293
2013 90.73 20.83 111.56 0.257
2014 89.30 21.14 110.44 0.242
2015 88.42 21.30 109.72 0.235
2016 87.38 21.18 108.55 0.247
2017 84.75 21.76 106.51 0.242
2018 81.44 21.74 103.18 0.221
2019 77.72 21.45 99.17 0.202
2020 75.45 21.42 96.87 0.187
2021 73.81 21.69 95.50 0.164
2022 71.85 21.68 93.53 0.151
2023 70.92 21.72 92.64 0.143
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Fig.3 Carbon emission structure of planting
industry in Shandong Province
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Fig.4 Proportion of various carbon emission factors in Shandong Province’s planting industry
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Fig.5 Heatmap of carbon emissions from various carbon sources in cities of Shandong Province from 2004 to 2023

2023 4E B B 5 a B9 FhoRE L B HE BT B BCHE L, R
ArcGIS B4 B SR Wr 1k 8 1 2R 48 FoRe b a HE il K]
Z3 SR AR B HE X (0~3.00X 10° 1) . 5% A% 5% HE it X

3.1.3 W A CH AP AL e 2R HE AL R ) 4F AE 4 AT
Sy itk — LR L ZR 48 16 4N T A9 FPAR b B HE ik 23
Ji) 5 728 ¥ JRy AR A, AN SCEE B 2004, 2009, 2014, 2019 Fl



513

SEOKAR A TR A8 R M BRI A I 2 R (TR 8l PR 3 R HE oA o 2% Al 3 313

(3.00X10°~5.50X 10" t) , F # HE Jil X (5.50 X 10°~
8.00X 10° ©) B i i HE X (8.00 X 10°~1.05X 10° t) |

a 20044

c 20144

e 20235

b 20094

d 20194

e B HE X (2> 1.05 X 10° O 5 A e Y 4l 43 45 S an il 6
Fr7s o

AR

I A HE i X
] B mA X
C T & mam X
0 S kg X
I TR X

0 100 200 km

Ee6 WHRADHBREMEMKANENZEE

Fig.6 Spatial and tempral evolution of carbon emissions from planting industry at municipal scale in Shandong Province
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Table 3 Decoupling relationship between carbon emissions
from planting industry and economic growth in
Shandong Province from 2004 to 2023

AC/C AG/G AL

T mwk) Gopwk) (R DO
2004—2005 0.0311 0.0752 0.4130  Fi4
2005—2006 0.0331 0.122°6 0.2698 it
2006—2007 0.009 3 0.134 1 0.0694  Ffis
2007—2008  —0.0283 0.1057  —0.2675 I
2008—2009  —0.0070 01071  —0.0657 %
2009—2010 0.0102 0.1320 0.0772  FiH
2010—2011  —0.0022 0.0414  —0.0531 %
2011—2012  —0.0009 0.0247  —0.0361 I
2012—2013  —0.004 1 0.1323  —0.0313 %%
2013—2014  —0.0101 0.0508  —0.1978 R
2014—2015  —0.006 6 0.0234  —02812 %
2015—2016  —0.0106 —0.059 0 0.1796  HRH
2016—2017  —0.0189 0.0036  —5.2647 R4
2017—2018  —0.0312 0.0625  —0.4998 R
2018—2019  —0.03838 0.0505  —0.7693 %
2019—2020  —0.0232 0.0517  —04499
2020—2021  —0.0142 01250  —0.1132 %%
2021—2022  —0.020 6 0.0674  —0.3056 RN
2022—2023  —0.009 5 0.0412  —0.2312 %%

b 2009—2013%

Il 37 T3

it i

0 100

200 km

S —

7 LEEAETHEVREISEFERKNBEAXESH
Fig.7 Distribution of decoupling relationship between carbon emissions from planting
industry and economic growth in cities of Shandong Province
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e, o2 B S I ) B Bl DR 3R L DX R T KT R
LAk 7K S e Aol A M ik HE kLA OE T 4 5K Sl VR L B
YT I) L e HE i 4 0 R AH S N T 2.00 X 107 t AN
6.98 X 10° to KK T | 1L 7R 44 Fh A M fc HE RS g A1
B A B i HE R HE R s b IX 8 B K S > R A=
PR M X7l 45 > I AR K > AR G 1R
B>l 7=l 254 o

R4 WERE2004—2023FEMBEWHRAREMEZLMER

Table 4 Decomposition results of influencing factors of carbon emissions from

planting industry in Shandong Province from 2004 to 2023

0 TIMRAE /107 t
FRDI A = RCE Aol ™k 25t X lasi MXAEFKT WK R D AR

2004—2005 —4.56 —0.82 —10.98 19.12 3.17 —2.59
2005—2006 —9.34 3.86 —10.36 18.64 1.05 —0.20
2006—2007 —13.38 —3.68 —2.59 19.92 3.59 —2.80
2007—2008 —14.69 —6.90 —1.75 19.51 1.50 —0.95
2008—2009 —12.15 4.22 —2.45 8.93 —0.12 0.80
2009—2010 —12.73 2.77 —4.38 14.44 4.96 —3.93
2010—2011 —4.80 —7.38 —3.91 15.20 1.67 —1.03
2011—2012 —2.83 —4.78 —3.13 10.77 1.61 —1.74
2012—2013 —14.35 3.53 —0.51 10.50 1.93 —1.56
2013—2014 —6.62 0.31 —2.57 6.22 1.95 —0.41
2014—2015 —3.27 —1.02 —5.81 8.53 7.96 —7.12
2015—2016 5.47 —4.16 —9.13 5.56 2.47 —1.37
2016—2017 —2.43 —0.38 —6.74 6.56 2.49 —1.54
2017—2018 —9.68 3.44 —2.98 4.98 1.56 —0.65
2018—2019 —8.99 2.07 —2.83 5.22 —2.04 2.56
2019—2020 —7.24 —0.18 2.03 2.86 0.87 —0.64
2020—2021 —12.70 —0.03 —1.11 12.29 30.90 —30.72
2021—2022 —8.13 0.86 0.09 5.34 1.54 —1.66
2022—2023 —4.65 0.73 —1.63 4.94 2.71 —2.99

PNy —147.08 —7.54 —70.73 199.51 69.79 —58.56

3.4 &R A KK 10 a Fhag A &% HE G 2 500

¢l Tk 2 990 g ke A TSR o B E AT, AR S
i 3 R AR R GM(1, 1), 3 81 K8 KK 10 a
R B HE B . RS AT, I AR Kok 10 a
B ARl e HE R S R R, N BIRE R E
2007 4F 1L ZR 48 FipE Ml de HE s 2 3R I (115X 107 O
AT SRR 16 A4S b T A A AR Ml e HE i e 2
TR Hoh H BT R R R R e K, TR R
FEF /N I AR A A K 10 a FiRE Ytk HE s it 8 1A 52 90T
Rt B o 3 SR L AR 48 224 iy P AL ol e ok 185 5 AR
fige Al e AR & AT — 8 W AL, OF Bl A e — Boi
[i] e L Ml e 98 HE R AR AR Bl T e Jre B T IR S 1Y)
filt o Ak, Ll AR AR B S I AR M i HE R YRR S T

W, i 5 E — 20 i A R RO IR ad i 2 T A B
R ZH A R 22 R A R Al 1 R B T B O
ARG T, 2t — 2R bRl B e HE 7 DL
0 b A S 11 A A R M 2 € TR B 5 280K R

4 W

AR SCARGE T LI 7R A R M Btk 1 TG P 25 R A
SO DR 2% SRR B, B HE T R R T L AR A Rl
LMD 5 R T 5L < 98— e B — 9 2> B MUOIE R K
e, W I B R R /DN X 5 5 56 s AR X A
SEU B BIF 5 4 R R AR — B, B SOKE R AR ) 45 4 3
117 Ak, WF 52 4 B 3 K R &5 4 v 5 — R IR
L & B /N 22 e 56 8 b A Ml B HE A 52 e L
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7l 85 4 5 T, AR A 7l & R Bl 7 Il 2R A8 Rl
R Bt , ™ M T 5 0 /0 REL IR AR 7, Tl IR 45 ol
PR A 1 A R AR 55, BTS2 B ] 42 D s 5 A R A 1T
BT T, N 1 el /0 HE B R Ak 228 il T gt — IRk
B, kG /N AR P 43 EORR AR 9 8 DR IR 9% L DT S B
RN o Ml X 28 5% 7K S RSk A A A SF T B A A a4
R, b X 28 55 KO F2 22 R R T Rk 5 e ik
AR HE R, 28 55 K7 0 % AR 30F T3 9% X AR 7=
TSR, A7 b A PR R RO, B0 AW 2 2
B B AR IS DA 5 0R HE I 3 5 ik
i S PR EROR I WNIRE ) | D INTIR (55 s
SR T AR M 3 AR A v AR A DR AL R, AT 5 SR
2y Ak oA RE AR A LA AR R B HE R T R
AR SCHE B GM L, DRSS X6 L 2R 48 Fore b sk HE ik 1k
AT TR, I S F 0 S B, 2024—2033 4F 1L 4R 48 F1 4%
b T A b R b e HIE S R R A ST R R A, L AT
T B B f5c /N, HRETI T B8R S 38 o K AR T 75 22 1
B e HE R 0T R TR TR R Y
Wk L 2R A A v R R R X, R
b B8 HE TBOATS B £ 5 558 o KO, 0 LR AR i PR T L B
RINENIRIE 2 W (S N

F5 WFRAE KRR 10 aFhad ol wcHE BB 45 R

Table 5 Forecast results of carbon emissions from planting industry in Shandong Province for next 10 years

R /107 ¢

Mo gl

20244E  20254F  20264F  20274F  20284F  20294F  20304F  20314F  20324F  20334F
] 4.35 4.21 4.07 3.93 3.80 3.68 3.55 3.44 3.32 3.21
H 5 5.99 5.87 5.75 5.63 5.51 5.40 5.29 5.18 5.08 4.97
T Bl 1.94 1.88 1.83 1.78 1.73 1.68 1.63 1.59 1.54 1.50
LR 3.48 3.44 3.40 3.36 3.31 3.27 3.23 3.19 3.15 3.12
K 2.18 2.11 2.04 1.97 1.91 1.85 1.78 1.73 1.67 1.61
WG 5.68 5.49 5.31 5.13 4.96 4.79 4.63 4.48 4.33 4.18
HEHi 11.06 10.80 10.54 10.28 10.03 9.79 9.55 9.32 9.09 8.87
W 7.74 7.58 7.43 7.27 7.12 6.97 6.83 6.69 6.55 6.41
e 4.02 3.94 3.86 3.78 3.71 3.64 3.56 3.49 3.42 3.36
i3 3.08 3.01 2.94 2.88 2.81 2.75 2.69 2.63 2.57 2.51
H I 1.94 1.80 1.67 1.55 1.44 1.34 1.25 1.16 1.08 1.00
Il Y1 8.09 7.88 7.69 7.49 7.31 7.12 6.94 6.77 6.60 6.43
1M 7.61 7.49 7.38 7.28 7.17 7.06 6.96 6.86 6.76 6.66
O 3% 7.77 7.63 7.50 7.37 7.25 7.12 7.00 6.88 6.77 6.65
T 4.35 4.28 4.20 4.13 4.06 3.98 3.91 3.85 3.78 3.71
SRS 10.19 10.05 9.91 9.78 9.64 9.51 9.38 9.26 9.13 9.01
S8y 89.47 87.46 85.52 83.61 81.76 79.95 78.18 76.52 74.84 73.20

5 E A A M A HE R BR T A S DU AR R T SRkt , g Gia F ArcGIS S [ i R 5 IR 4

R E SR L, AW 5 TN T A HE Y I S A R

PO GM L, DRERL X 1 R4 16 A 3 T A ol A b Bk
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