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Temporal characteristics and trend prediction of agricultural carbon emission in Jiangsu Province, China
QIU Zijian', JIN Hongmei**, GAO Nan*, XU Xuan™*, ZHU Jinhong', LI Qing', WANG Ziqing', XU Yongjun’, SHEN Weishou'"

(1. School of Environmental Science and Engineering, Nanjing University of Information Science and Technology / Key Laboratory of High

Technology Research on Atmospheric Environment Monitoring and Pollution Control in Jiangsu Province/ Jiangsu Atmospheric
Environment and Equipment Technology Collaborative Innovation Center, Nanjing 210044, China; 2. Institute of Agricultural Resources
and Environment, Jiangsu Academy of Agricultural Sciences, Nanjing 210014, China; 3. Jiangsu Collaborative Innovation Center for Solid
Organic Waste Resource Utilization, Nanjing 210095, China; 4. School of Biological and Pharmaceutical Engineering, Nanjing University
of Technology, Nanjing 211816, China; 5. Jiangsu Institute of Modern Low Carbon Technology, Nanjing 210003, China)

Abstract: In order to explore the temporal characteristics of agricultural carbon and future carbon emission trends in Jiangsu Province, the
emission factor method was used to estimate the agricultural carbon emissions of Jiangsu Province from 2000 to 2019. The STochastic
Impacts by Regression on Population, Affluence and Technology (STIRPAT) model was used to predict the trends of agricultural carbon
emission in the province from 2020 to 2030. The results indicated that the COe emissions of Jiangsu Province from 2000 to 2019 showed a
trend of decreasing—increasing—decreasing, and reached a peak in 2005, which is estimated to be 83 617 700 tons, of which the planting
industry and animal husbandry were in 2010 and 2003, respectively. In 2005, the planting industry’s emissions were much higher than that
of the animal husbandry industry. The intensity of agricultural COse emission firstly increased and then decreased. After 2003, the intensity
of emissions decreased year after year, and by 2019 it had reduced to 131 t - million yuan™. Among the various carbon sources, rice
cultivation was the largest source of agricultural carbon emissions in the province, and among the major livestock and poultry, the carbon
emissions caused by pig breeding were much higher than for other livestock and poultry. From 2020 to 2030, with the development of
urbanization, the increase of agricultural per capita gross domestic product (GDP) and the further reduction of agricultural carbon emission
intensity, the province’ s agricultural CO.e emissions will still show a downward trend. Low—carbon emission reduction and efficient
agricultural economic development will also contribute toward this. Studies have shown that agriculture in Jiangsu Province has taken the
lead in achieving carbon peaks, and the continued reduction of agricultural carbon emissions in the future will help accelerate the
realization of the province’s carbon neutral goals.

Keywords: Jiangsu Province; agricultural carbon emissions; planting industry; animal husbandry; carbon emission peak; carbon neutral
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Table 1 Agricultural greenhouse gas emission sources and emission coefficients

#17] Department HERL IR Emission source HEfir 2247 Emission coefficient ZHOEIE Coefficient source
Rl AV A= i SR 3 e B sk €0,:3.284 0 kg-kg' 2 E G4 |5 K 9255 % (ORNL)
A 25 A o TR I B sk €0,:18.092 0 kg-kg™! 3 E AR U4 |5 K 9255 % (ORNL)
AR i SR S B 2 ik €0,:18.993 0 kg-kg™! B AR R AE TR S A SIS 5T i

Rl €0,:0.792 1 t-MWh™ AT
A HEE T €0,:3.186 3 kg-kg™! IPCC(2006)

KRG CH,:215.500 0 kg+hm™ (A8 Gl 2= ARV H 46 ™ )
A% b NL0 HEik NoO: EAEREH 0.012 5 kg-kg™! IPCC(2006)

RHUTFE F#10.165 0 kg-hm™
7K H 0.064 0 kg+hm™
W42 3 0.075 0 kg+hm™
ol x4 Vhivals CH,: %71 88.100 0 kg* 3k '+ (B Gl 2 ARV B 46 e )
W54 52,900 0 kg+ k' -a™!
Z12£8.200 0 kg 3k -a™!
1117£:8.900 0 kg k™' +a™!
$#1.000 0 kg+ 3 '-a”
FE BWATH
528330 0 kg 3k -a CE IR 2 SR G 56 )
43310 0 kg 3k -a™!
2330260 0 kg 3k +a™
1170.280 0 kg 3k +a™!
#5.080 0 kge 3k
%8 0.020 0 kg-3k"-a
N.O: W54 2.065 0 kg+ 3k -a™
W52 0.846 0 kg 3k -a™
Z412£0.113 0 kg k™" +a™!
117£0.113 0 kg 3k +a™!
¥#0.1750 kg'ﬁ:’l‘a’1
%850.007 0 kg- k" a

T ARNE AR 2 AR i ol S G5 ok ) HIE 2% 6 AR e il R 5t 3 A COL R R B (COAF I R B =R HE R R ¥/ 12x44) . F 3L CH N0
F IPCC A PR A v 7T 48 RUBE COL SIS 34414 28 265 F B9 1 COse 5

Note : Emission coefficients of fertilizer lifecycle embodied carbon, pesticide lifecycle embodied carbon and agricultural film lifecycle embodied carbon
have been converted from C emission coefficient to CO. emission coefficient(CO, emission coefficient=C emission coefficient/12x44). The following CH, and
N20 are calculated according to the CO, equivalent of 28 times and 265 times of the 100—year—scale CO, warming potential in the IPCC Fifth Assessment
Report.
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Figure 1 CO,e emission from plant—products industry in Jiangsu Province from 2000 to 2019
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Figure 2 CO,e emission from animal husbandry in Jiangsu Province from 2000 to 2019
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Figure 3 CO,e emission from animal intestinal fermentation in Jiangsu Province from 2000 to 2019

1% WHART]



I 5 T2 A O P 45 5

663

29.28% , 5 " RHEHOCR IR, 4 AU A AR R
B 435 & 8.07% .6.90% ,0.65% F10.50%. A, &
FPS ) 3 TR A AL 580 5 S U HE A PR A R
2.1.3 Al B AR P RRAE

2000—2019 4 VL7548 4R Mk COqe HE K T B4 52
B RRAG— R0 T — B A 9 28 Al R A, ARl 3 SR mT AT
M 48 AR B AR T SR RRAEE 3, RN 7 2007 4
(-6.58%) 2019 4 (-8.77%) A K1 /b , COse HETKL
T 2005 453506, J 8 361.77 1 t, B 2019 A [ &
6 623.10 T t(&5).

M) A8 4k b, 4k COse HE M58 AR FE 40l
COse HE I 5 BB L S0 S B HE R B o FRREYL A R
AP B FLAAE L 2000—2019 4 [i1] 4245 4l COse HE
A R A R AR - R - R AR R (L 6) .
2000—2003 4[], COse HEA TR B &2 S FEAL S T = 1)
#2003 AR IR, O~ 5.38 t- JT oG, IL A B 4K 5
U, 2019 4EELFEZE 1.31 t+ TG 7E 2007 4E i KoK
e M EAEHEGR BRI T 18.37% .

2000—2019 A= [A] , VLI5 448 4l & HERCIE H , 7K A
FfAE (CH.) XF A e HE i s i o1 Bk K, -3 Bk 1
47.04% 1) COze HERC , FUR & A0 Az i il 1B 5 ok . 5
Py 28 158 45T RN B ) i 3 R % 3 0 BTk T 14.01%
10.73% F1 10.26%. LA, 4 H 4 N.O HEik A& H 5
T A RN A 24 A= i SR 0 B e D00 43 ) BT R T
9.73% .3.87% .2.34% M1 2.02% (% 2) . 1EREVR I 2%
rh, R FEL R Al i Sz I T LA HE AR, TRk
e BASKRF , BRIl A HE A 22 5 F & 0l , 4390
S35 5 1 79.01% ,20.99% , Horb & H0ll Y Fb B Ak A 5L
BT R s e i FpoRE Y A HE i T K 2 R 2000 4F 1)
74.48% $2 15 2 2019 4E 11 88.96% . A\ TR A A,
A S L A M5 A= i i 109 e 2 Al HE k0% BT Bk R A
2000 4F 1 2.95% . 1.51% 53 5|8 5 2 2019 4719 5.24%
3.27%. & & M8 Kk IR AR i HE IR BT R R T
2007 4 H I EH (B FEAIG, IS SR AR GEFRERAIR A L EE T
B 28 (4 PR HE A A B HE iR S P i DTk
ARSI /N ALAE 2019 4F 5 30 IH S5 A1

_ 12001 D%%Poultry ] ér%iﬁShGEp

= O % pig O 4EW44- Other cattle

> — E 1112£ Goat W 134 Cow

S 900

17 _— e — —

£ — —

=]

(5]

Y L

S 600

O

Uﬂ

& 300F

=

2

=)

S0
S — A m ¥ ¥ OV > W AN DO — A 0 " O =~ 0 O
o O O O O O O O O O == oo e e e = = = =
S & & & S S 38 &3S S o o0 o o0 o 9 o o0 o o
A 8 & @ A addadaaaaaaaaaaaaa

) Year
B4 20002019 ;I H A B R S EFEEIE COe HEM L

Figure 4 COse emission from animal manure management in Jiangsu Province from 2000 to 2019
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Figure 5 Agricultural COze emissions in Jiangsu Province from 2000 to 2019
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Figure 6 Agricultural COze emission intensity in Jiangsu Province from 2000 to 2019
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Table 2 The structural change of agricultural carbon emission sources in Jiangsu Province from 2000 to 2019(%)

FiHE L Planting industry  Holk Animal husbandry
gy IR AP R A T ﬂﬁiﬁ%%ﬁﬁ%ﬁﬁﬁ% SRS KRR Z%FﬂiﬂN:QﬁFﬁﬂl S B fd]%fi‘%@%lﬂ
Year A Pesticide lifecycle S griculturalfilm 0y ral  Rice O emissions L lintestinal "l

Fertilizer lifecycle "0 900 ifecyele embodied Gesel  planing Tom agriculiural SR R manure
embodied carbon carbon land management
2000 13.44 2.02 1.51 2.95 44.62 9.93 13.59 11.93
2001 13.97 2.09 1.58 3.01 41.99 10.15 14.73 12.47
2002 13.94 1.96 1.64 3.04 4137 10.06 15.53 12.46
2003 14.18 2.05 171 3.14 39.41 10.18 16.61 12.73
2004 13.53 2.04 1.64 3.02 42.90 9.63 15.61 11.63
2005 13.38 224 1.64 3.00 43.84 9.40 15.06 11.44
2006 13.96 222 1.77 3.22 45.72 9.68 13.81 9.62
2007 14.95 233 2.03 3.42 49.05 10.32 7.73 10.17
2008 14.76 224 2.14 3.52 48.63 10.17 7.89 10.65
2009 14.71 2.17 233 3.81 48.05 10.10 8.03 10.80
2010 14.58 2.12 248 4.04 48.05 10.02 8.06 10.64
2011 14.43 2.04 2.63 4.15 48.18 9.80 8.02 10.74
2012 14.21 1.98 2.79 429 48.35 9.65 7.82 10.92
2013 14.05 1.92 2.90 445 48.42 9.51 7.75 10.98
2014 13.88 1.88 2.97 4.47 48.47 9.42 7.86 11.04
2015 13.75 1.85 2.81 453 48.85 9.38 7.88 10.95
2016 13.59 1.82 2.86 459 49.56 9.31 7.73 10.54
2017 13.45 1.79 2.95 4.68 50.05 9.15 7.56 10.38
2018 13.23 1.73 3.04 480 50.62 9.07 7.46 10.05
2019 14.19 1.84 3.27 5.24 54.73 9.69 6.56 4.48
SR 14.01 2.02 234 3.87 47.04 9.73 10.26 10.73

TE A P FL 7 A A RRHE R i Al BRSSP IR AR, D9 22 ANt

Note : The proportion of carbon emissions from agricultural electricity in total agricultural carbon emissions is very low , so it is ignored.
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BT Ak COze HEACR B 5351 5 40l COse HE
Ji] £ 4 3 IE ARG, 0l A2 GDP 5 4 0lk COze HETK
it [A) 4 S 2 AR DG .
2.2.2 BARIFGHE

A4 I s B 8] 7 4] 5040 Al B AR X RO RS s
SPSS 19.0 HEF 7 hRAE AL AL B LA B R 45200 (%6 3) , 43
WILLZI ZP \ZA ZT R AP iy s i o ik — e
ReFR ZP  ZA . ZT W] e 50 s , 32 B2 4~ F 153, 4
UL F F 3R, AR RS 51 99.947% (K 4) T
Sig. [A¥IE/NF 0.01, RUFUGRHOERAF . MRS, Fi .
P 5 R AR B O RN

F\=-3.617ZP-1.4457A+2.883ZT (5)

F,=4.2767ZP+1.029ZA-2.538ZT (6)

B A Fy R DY 5 R K Z1 A S i
B F AR R AR 5, SR T B a5/ —3fe kit
APl o 5 220 M & SR i F (Bl 11,617, [l ¢
K 56 19 Sig. fH /N T 0.01, LB R A 547 (£ 6) .
HR A A AL o] ) R B (R 7) nI AR LA AR g S R AR i Z1
By 7 BN (7) B os , S Bk Sig. {B 8 18 F0t, 8 =X
(5) L (ORAK(7)AT15(8)

Z1=0.452 F,+0.611F, (7)

Z1=0.977 8ZP-0.024 4ZA-0.247 6 ZT (8)

R b v Al 2 3 R 36 3 AR vE AL i b i, Al X
(8) (n=20) %4 :

In/ = 6.9890 + 0.247 4InP — 0.001 81nA —

0.0242InT + e (9)

R3 ELLEBREITE

Table 3 Statistics described by the normalization

RS ERSHNES RE ML

Table 5 Principal component analysis of sub—coefficient matrix

S 1353 4 Score coefficient

Parameter F, F,
ZP -3.617 4.276
ZA -1.445 1.029
zZT 2.883 -2.538

6 FENDWER
Table 6 The results of the ANOVA

A -5 ¥J5 . .
df F Sig.
Source  Sum of square Mean square
EVE} 10.972 2 5.486 11.617  0.001
% 8.028 17 0.472
Bt 19.000 19

R BERHY
Table 7 Model coefficients

HbruEAl R AL Unnormalized coefficientfi yi: f,
¥ t

Parameter JE#7UE ¥ PRifEDR 2 A t test
ARbRHEAE AR A B Standard error Beta
H RO 0.000 0.154 0.000 1.000
Fi 0.452 0.158 0.452 2.865 0.011

F, 0.611 0.158 0.611 3.875 0.001

I AT, YT 984 40l COse HE & 1 9K 3l K1
R

] =e®9% 0 P27 4 0001 800242 (10)

B RRLG 15 2 A 45 R S A A b (&1 7) , 2
s FLHR R A AR S B A 1 Bl B AR R 2, PG
(S50 A AR AR S R AR ), AT D b i A Sk
weHEC S i (10) Al PLA T XS B HER Y B

" FEAKEC ' b 22
% ) N N —
P gl PO BRI Ly B 0.247 4,-0.001 8 FI-0.024 2, F I 7E
Parameter number Mininum  Maxmum Mean deviation .
=1 5 3 ~ TR .
o ” 0 TR Yrra—————— HILRI RN A N TR TLIRE BRHE I T 2 A 3R 5l
: : : : 2. 5Co B R PR S )
m e ame owes VRS COCHUEMESRIERE. Kkt
7A 20 8.18 9.96 9.103 5 0.664 22 yﬁ%ﬁ’f’tﬁf%ﬁ s TXEIEI% el \ﬁ‘ﬂﬁlﬂﬁﬁgﬁﬂ%%ﬂﬁﬂ(qz s 'fﬁﬁ
77 20 0.27 168 09725 050817 AV 25 v R A, Al SEBR bR 1) E AR A
®4 THATMBBRHEFE
Table 4 Principal component analysis of the total explained variance
WU FFIE{E Initial eigenvalue RBEFEJ7 Mz A Extract sum of square loading g% J7 flZ% A Rotation sum of square loading
w4y TETRE RBBTHCR TR RBUBTHR VBT FBTTHREE
Component FEEE Variance Accumulative FRE(E Variance Accumulative FEHEE Variance Accumulative
Eigenvalue  contribution contribution  Eigenvalue contribution contribution  Eigenvalue  contribution contribution
rate/% rate/% rate/% rate/% rate/% rate/%
1 2.978 99.266 99.266 2.978 99.266 99.266 1.569 52.312 52.312
2 0.020 0.681 99.947 0.020 0.681 99.947 1.429 47.635 99.947
3 0.002 0.053 100.000
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Figure 7 2000—2019 model fitting of agricultural CO,e
emissions in Jiangsu Province
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2000—2019 =4l COse HERLU I OL , 45 f 428 Aok At
SRR B AR T A4 GDP AR Y COse
HETCs B A AR A3 R R T IE A B I A5 AT
T 15 S R A T i SR b 0T 45 52 e DR 25 A
HE— 25 %L, LA REAS 42 1 20 Fr ol BE H BRI 0 .

R i 1 A i M S AR R 1R B =, s
STIRPAT #6195 48 4Rk COe HERGHEATHIA , 12
3P S R A COe HER R (EI8) . 45K
FEAERS = TR Al COse HER R S F5 42 N &
P 7E 2030 4, COe HE T & HIIN 4 6 784.80 J7 t, 8
2000 4E98 7 17.20% , (B IH] 52 5 95 55 52 ) 2019 4F 3
A A KR R, 3201 5 T 2030 4E B HECREATS L
2019 415 2.44%  (KIE 5: 19, 228 4Rk COe HEL
I BN S R R T BRI T iy
T 5 IR S AL GDP 3 55 /K-, COze HETK
T 5] 2030 4E K 6 440.40 1 t, 43 51145 2000 4E F
2019 4y /b 21.40% F1 2.76%, 1 AH H 3 1% 5= F
2030 AR AP A HE R AR BRIE 5t 1 Ak ARHRRCE T R
T 344.40 J7 t, PR R 5.08% 5 ARBR 1 5 2, A4
GDP 34 BT WA SR, TR AT AT Al COse
HE o B2 (%) AR AR 58 00 1 4 e, 31 2030 4
COse HEME 9 6 387.17 J7 t, 43 3145 2000 4EF1 2019 45
I8 /0 22.05% F13.56%, T AH EC I 1R 5 FIRAR 1% 5 1
1 2030 AR e HE R AR 5 2 AR B HE T 43
SRR T 397.63 11 .53.23 1 t, B R 43 51 5.86% .
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Table 8 Parameter growth rate setting under different scenarios

KR AE Growth rate setting/%

i sl AR ABIAM GDP - Al T He e B

Senario Year Rural Agricultural  Agricultural carbon

population GDP per capita emission intensity
FEERE 2020—2025 -3.00 5.50 -4.84
B 20062030 -2.50 4.50 -4.50
fRAE  2020—2025 -5.00 5.50 -6.50
HL 0062030 -4.50 4.50 -6.00
fkmfE 20202025  -5.50 4.00 -8.50
2 0m6-2030  -5.00 3.00 -8.00

T A4, GDP SR R VLI B R B Rt 2 & e 55+
DA FLAR AL — O = FLAFE 37 HAR %) 75 BB W] SE e A 46
IR 5.5% Je A7 B B BRBEE 5 AR B HIE OO 4 1 1R B E 2 1
FK A DU PR | $1 2025 4F B AR P R COL R BT
IR 18%  4F- 14 T [ 4.84% .

Note: The growth rate of per capita agricultural GDP is based on the
average annual average disposable income of residents in the "Fourteenth
Five=Year Plan for National Economic and Social Development of Jiangsu
Province and the Outline of the 2035 Long—Term Goals". The target of a
growth rate of about 5.5% is set; the growth rate of agricultural carbon
emission intensity is set in accordance with the national "14th Five-Year
Plan". By 2025, CO, emissions per unit of GDP will be reduced by 18%,
an average annual drop of 4.84%.
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Figure 8 Prediction of agricultural CO.e emissions in Jiangsu

Province from 2020 to 2030 under different scenarios
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