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Carbon emission accounting and carbon peak prediction for cotton production in China
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450000, China; 2. State Key Laboratory of Cotton Biology, Institute of Cotton Research, Chinese Academy of Agricultural Sciences, Anyang
455000, China)

Abstract: Breaking down the constitutive factors and influencing factors of carbon emissions, predicting the peak time and peak value of
carbon emissions, and comprehensively analyzing the reduction potential of carbon emissions can provide a theoretical reference for
responding to climate change, specific to industry. In this study, a life cycle assessment (LCA) was used to calculate carbon emissions from
2004 to 2018, whilst a Stochastic Impacts by Regression on PAT (STIRPAT) model was also conducted to simulate the production scale,
cotton imports, agriculture economy, and urbanization rate, with variables determined by Kaya identity as technical efficiency. Furthermore,
a ridge regression was used to determine the coefficient. The carbon emission scenarios from 2019 to 2035 were divided into three

categories : high emission reduction scenario (HERS), medium emission reduction scenario (MERS), and basic scenario (BS) for variable
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setting and forecasting. From 2004 to 2018, carbon emissions and their growth rates in China’s cotton production showed a gradual upward

trend. In 2018, carbon emissions reached their highest values across the 15 years, equivalent to 243.4 thousand tons. Xinjiang had the
highest carbon emissions (86.8% of the total in 2018) which also significantly increased. Irrigation electricity, fertilizer, and agricultural
film were the main carbon emission factors in the production process. The STIRPAT model used to simulate carbon emissions from national
cotton production performed well (R*=0.866, adjusted R’=0.792, P=0.001), and the independent variables all had significant effects on the
dependent variable (P<0.01). The production scale, urbanization rate, and technical efficiency were the main influencing factors. The
results showed that from 2019 to 2035, the carbon peak times of China’s cotton production under HERS, MERS, and BS would be 2021,
2025, and 2031, respectively, alongside respective peak values of 248.9 thousand, 261.2 thousand, and 272.5 thousand tons. In the future,
whilst China’s cotton production is developing in terms of intensification and scale, improving production efficiency and accelerating the
research, development, and promotion of low—carbon planting technology and soil carbon sequestration technology remain the main

breakthrough points in terms of promoting low—carbon cotton production.

Keywords: cotton production; carbon emission; carbon emission peak; life cycle assessment; STIRPAT model; carbon neutral
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Table 1 System boundary of carbon emission and carbon emission factors in cotton production

TRHE R G511 5t System boundary of carbon emission THE A - Index of carbon emission ZHOK TR Source
TN e AIE N fertilizer 1.526 0 kg-kg™! CLCD 0.729
Farming input Fertilizer B P fertilizer 1.631 0 kg-kg! CLCD 0.72Y
L K fertilizer 0.654 5 kg-kg™! CLCD 0.7%"
AN Compound fertilizer 1.772 0 kg-kg™! CLCD 0.771
HAAEFIF Cottonseeds 0.348 8 kg- kg™ Ecoinvent 2.2
g°Kg

42 Pesticides

43l Diesel fuel

HifIEE Plastic film
AT Labor

F1 77 Electricity P4t Northwest China
4£]t North China
77 South China
BRI SEIM A RS Diesel fuel burning

Direct emission 4 H N,O The N,O emissions from the field

Ecoinvent 2.2

CLCD 0.7™

12.443 3 kg-kg
0.885 6 kg-kg™!
22720 0 kg kg
0.86 kg-d'+ A" Cifik[22]

Ecoinvent 2.2

0.268 5 kg-MJ™ CLCD 0.72"; BP China
0.341 4 kg-MJ™ CLCD 0.72"; BP China
0.228 9 kg-MJ™ CLCD 0.7°"; BP China
4.100 0 kg-kg™ PCCe

0.010 kg kg™ PCCR

P& 4 STIRPAT 7Y | 33X 2 — B I T 45 b5 20 fif 15 A A
L, A7 I A DA S i i R 1 DR 2 il A, S
T3 it 4 X B HE OB A IEAT AU . STIRPAT
TR B R A IS TR 22 AR AR X B HE B A 52 1, 1, i i
W WAt 25 E G R AL «

I, = aP! AT/ e (5)
A R EREE R T (AR A &R HERO s PR BN
A RN BB ; TR o AR RZE b e d
MRS A2 B A TEEG e MHEHLIRZE T, STIRPAT
BAY & — A2 AR AR LR M R LA A | BN i R 2
UK 50 R 2R A S0, i T TPAT RE R A ol s, — s fdi 1)
Af 3k B AR E5C AT B I e =y

Inli=a+blnP;+clnA; +dInT; +e (6)

A fE , STIRPAT B AU BN T —Fh ek IE X,
FIE 6% 17 T b A A8 PR e g g M (R 2R =2 [T A I R
BSOS R s B AR AR e/ s R SR A
U % TR 8 1 R B SRR AT AR S i e A
I, DI T 2 Sk Ay e HE B> 7227

AHFGEIE 1 Kaya 6 55 2055 i PR A8 11, BB HE
B 283 E.S AP AN AR, AL
FEZBRE OL, B BN D P UL R U, R % R
B I AL R 5 i Al 57 BN ) RS A 1T 23 e AR
BLACIE A RS A P, S ik [ SN A6 2R 7 ik
1380 v ] F 5 o) o AR AR A 7 Bk HE A S I, s
B AR & Q F R . 5 AR 1S k[
AR AL IR F1 3 A R 5 AR AR T L TR 4

BRATFIGICHIZ L B0 45T 1 SO F AR L, HH:
FE— R F AL RET R AR AR A 7 AL IS
e 2 o 6 MBS B (6 2) A5 B FH TR AEAE = ik
HEROALL ) STIRPAT bR B Kz HEXPHOE 3K«

C=aE"S?Q" AU e (7)

In C=a+biln E+bsln S+bsln Q+bsdn A+bsln U+e  (8)
o COMBRHERL, 7 65 £ AR R AR B s HE
FEARZN 5 S Jy A 7= BRASE, PR IR A6 AR 7 ik R 5 HAth
VEPD A 77 IR AR I S5 R RN 5 Q Fm AR AL i F 3t
PRI BRSOV 5 A AR 2855, HAE 5 A0k E
AHIF] AR BR800 5 U A3 Ab 5 AR LR 2 5 a
RIS S HUIT 5 by by by (ba bs AR 8 R BT 5 € A5
25000, STIRPAT BRI A G 1% 5% 3 A i RV AT HEA 7k ik
WA TN
1.5 W& EF45#F

X STIRPAT 12 7 £5 [ 742 5t Z [A] A7 S L R 2 W
A4S A AR LR AR DG, i fe/ D ek e i 22
AR, T DAASHH 5 ff A [T . 08 [al )3 2 —FprmT T
LR AEEE AT AT A 3 1 9 5325, AR & — g
R /N Ak i, A i o A /D 3 1k 1 G A
PE, DU R B4 A5 2. FREARORS B R AR o DT 45 38 1] 1
B, AT A R A A SEBR I R, T i R R R el
SR AR . W EE 51 KA AT LA A AR
LR M AE R B 250 R AR5 .
1.6 HIELE S

ST BCE 0 B BT R 5 Microsoft Excel 2019

WWW.Qes.019.CN




m@g 696

BOBEIM
FR2 TERETENRMKE
Table 2 Definitions and references of variables settings
AR B Variable 7€ X Definition SCHR Reference
Wk Carbon emission R P B HE i i SCHik[24-25]
HARHA Technical efficiency WAHERC SRR AL A 7= B 2 b PRI 5 SCHik[24-25]
7= U Production scale FRAEA " B ES Rl B EZ SCHRIT-8]
PETCE Tmport quantity EEARARAE (B AR ) HE T SR SCHR(29)]
Al 2455 Agriculture economy Lol B EH S S AAZ LT SCifik[7-8]
IRELAL K Urbanization rate WA TS BT B SCHK(S, 28]
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Lines and shading in the figure represent linear regression and its 95% confidence interval, respectively. The same below.

B 1 2004—2018 FE R EMR L EF=mHE R Hig K E

Figure 1 CO, emission and its growth rate in China’s cotton production from 2004 to 2018
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Br— 2 M Linear regression
¥=0.064 06X-68.29
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Figure 2 The relationship between CO, emissions from cotton production and planting area
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Note: ** represents P<0.01. The same below.
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The solid and dotted lines in the figure represent the trends of carbon emissions and planting area, respectively.
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Figure 3 Changes of carbon emission and planting area of cotton production in major cotton planting provinces from 2004 to 2018
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Figure 4 Components of carbon emission from cotton production in China from 2004 to 2018
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Figure 5 Composition of carbon emission from fertilizers in China’s cotton production from 2004 to 2018

WWW.Qes.019.CN




NGE3 ">

BOBEIM
R4 IREETHER(EZEH In €,K=0.02)
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Figure 6 Carbon emission forecast model analysis
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Table 5 Summary of results of carbon emission peak forecast
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