55 44 55 17 1 S & 7 i Vol.44,No.17
2024 4F- 9 H ACTA ECOLOGICA SINICA Sep.,2024

DOI; 10.20103/j.stxb.202310132212

JIRZCAE W, INT B, AR, A, BRAGIE , R i, U, B WSRO AR T AE TS R GEIR = SRHE o BT B 5Bl AR 25 25 40, 2024, 44
(17) :7520-7535.

Gu J X, Miao Y Q, Sun F H, Hong WL, YuJ, WuCS, GaoZ ], Xiao Y Q, Ge X W.Analysis and scenario simulation of greenhouse gas emissions from
farmland ecosystems in Anhui Province.Acta Ecologica Sinica,2024,44(17) :7520-7535.

ZRERBESRERESEHERS TR IBE=E

BAE @A I R AR A D R AR, HEE,
B

1 O B 5 R W2 B, 6T 241002

2 YT 5ot TR 5 DX 22 B T S W) 241002

3 IRBEME AR R S B 236037

FAE BRI A 25 R SR 2 U HERCIR DR T AR Ml B Ko i ) T R 2, % T4 sl ol mT 4525 6 Ji AR kA T o Jo
W RAEEE L LVRREE 0], M S EBURG R AL 12 51 22 (IPCC) HEMCR BOE WAl AR HI AR 25 R e 22 AR
K-, 32 FHXECT- 23 S8 B g (LMD J5 i A& AR 2 R GUIR & AR HE IR S L] , 55 J5 25 T STIRPAT BB Jf-25 51
ST R AR T A 25 R GTIL A AR HE BT BT . S5 2RI (1) ZB0E R AR S R G0l 28 AR A B A
SIS KRR CH, HER STk, o5 HEik 55.27% , 25 6] 734 1 52 B g v i DXCHE I g Pog b A g g 3t DXAR X 271
(2) ZeRE AR T AR 25 2R G0 A7 o T R HIE A i P S s 8, B Rl ™ HE 58 2 1 W 8, T R i JEE 249 2 = LA e
187 AR, RIVEEAT LA Ml DX HE T 5 S8 R A i P R AT, AT LA R B DR BN A R LA, (3) AR B KP-5 LB 4R
P AR 25 AR Gl 3 O 2 B TE 80, S M I B A Y 3 B PR 3R 5 ARl A 77 R0 AR A 7P 45 ARl A TR 12 B
TN, oAl AR P83 5 4Rk N H RS DR 3208 A T A 25 R e T 8 AOMRHE I Aol VP, (4) v 55 AR I 5 (2
R G 55 RS R A 5 T AR TH A 25 R eI 2 A HR R 22 516 L T I B A/ 38 9 e AP 0 7 P 8, L v B i 5 2028
AR, FUAY = PR SR AE 2025 AR SCELIAIGE FIAR o HLBCAR AT SR AR T A 25 AR G0 8 UM RO AR R B S 94 m 19 2 e i 3
ARBESE BRI H AR (HIG B Wik 22 , ARl K SR 2 B i R TS 0 22 B s 42 s K R R AR CHL HERK, 2345 7% B IX 22
S, ZAEIFE DR s ) B ) E Al R EOR

KEIA R AR S RS i % UAHER 2728 s S R 385 1 Sl s Bl

Analysis and scenario simulation of greenhouse gas emissions from farmland

ecosystems in Anhui Province

GU Jixiang', MIAO Yuging"***, SUN Fanghu', HONG Weilin', YU Jian'*, WU Chuansheng’, GAO Zhijie',
XIAO Yiqing', GE Xiaowei'

1 School of Geography and Tourism, Anhui Normal University, Wuhu 241002, China

2 Anhui Provincial Key Laboratory of Earth Surface Processes and Regional Response in the Yangtze-Huaihe River Basin, Wuhu 241002, China
3 Anhui Province Key Laboratory of Environmental Hormone and Reproduction, Fuyang 236037, China

Abstract; Scientific understanding of greenhouse gas emissions from farmland ecosystems is an essential prerequisite for
implementing agricultural emission reduction and carbon reduction measures, and is of significant importance for promoting

sustainable agricultural development and facilitating high—quality construction of farmlands. Taking Anhui Province as an
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example, this study employs the IPCC emission factor method to assess the level of greenhouse gas emissions from farmland
ecosystems. The Logarithmic Mean Divisia Index ( LMDI) method is used to analyze the driving mechanisms behind these
emissions. Finally, based on the STIRPAT model and combined with scenario analysis methods, future emissions from
farmland ecosystems are simulated and predicted. The results show that: 1) The total greenhouse gas emissions from the
farmland ecosystem in Anhui Province are of an overall increasing trend, with CH, emissions from rice paddies contributing
the most, accounting for 55.27% of the total. The spatial distribution shows higher emissions in central Anhui and lower
emissions in northern and southern Anhui. 2) In Anhui Province, the intensity of emissions per unit sowing area is
increasing, while the intensity of emissions per unit of agricultural output value is decreasing. Both types of emission
intensity exhibit a “low in the north and high in the south” distribution pattern, meaning that areas in north of the Huai
River have relatively lower emission intensity and variation, while areas in south of the Huai River exhibit the opposite
trend. 3) The level of agricultural economy has a positive effect on the greenhouse gas emissions from the farmland
ecosystem in Anhui Province, being the main factor contributing to the increase in emissions; agricultural production
efficiency, agricultural production structure, and agricultural population size all show negative effects, with agricultural
production efficiency and population size having a stronger inhibitory effect on emissions. 4) Under baseline, low-carbon,
green development, and sustainable development scenarios, the greenhouse gas emissions from farmland ecosystems show an
initial increase to a peak followed by a gradual decrease, with the baseline scenario peaking in 2028 and the other three
scenarios achieving their peak targets by 2025. Under the extensive development scenario, the greenhouse gas emissions
from farmland ecosystems are projected to increase continuously in the future, failing to achieve the peak target but with a
gradually slowing rate of increase, indicating significantly potential for emission reduction in agricultural development.
Anhui Province should strengthen control over CH, emissions from rice cultivation, take into account regional differences,

and formulate agricultural emission reduction policies that are multi-faceted and tailored to local conditions.

Key Words:; farmland ecosystems; greenhouse gases emissions; spatial-temporal variations; influencing factors; scenario

simulation; Anhui Province
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Table 1 Greenhouse gas emission coefficients of various inputs in agricultural production activities

HER IR L SARHECR L Bk U

Emission source Greenhouse gas emission coefficient Reference source

ABAE Chemical fertilizer 0.8956 kg(C)/kg ORNL ( 22 E G4 H K I 50 )

A2} Pesticide 4.9341 kg(C) /kg ORNL( % E A IS [ 5 502 )

A Agricultural film 5.1800 kg(C) /kg IREEA ( B 5t AL K 2E AR B8R 5 4 S BT
A5 Agricultural diesel 0.5927 kg(C) /kg IPCC (14 R B I SRS LG & 2

A< 1Bk Farmland ploughing 3.1260 kg(C)/hm? (i 25 s 20)

A H#EBE Agricultural irrigation 20.4760 kg( C)/hm> Dubey 2031

16.4700 kg( C) /hm?

o 2 g 2 [32]
0.1800 kg(C)/Kw AR

AV AL Farm machinery
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Table 2 Nitrous oxide emission factors for agricultural land
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Emission source Emission coefficient Reference source

FALTE R EHARR(IVIX) 0.0109 BRI M A g 46 R (it
Direct emission of nitrous oxide( Area IV ) (0.0026—0.022) 7))

SR (R URTTRE) 0.01

Indirect emission of nitrous oxide (atmospheric nitrogen deposition) '
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Indirect emission of nitrous oxide( nitrogen leaching runoff)
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TR B
x3 TEREVSH
Table 3 Parameters of the main crops
BIIES BT R HR e FEFF & AR FEAF IR [ R 130
Crop type Economic coefficient Root/shoot ratio Nitrogen content of straw Straw return rate
JKHE Rice 0.489 0.125 0.00753 0.5438
/NFE Wheat 0.434 0.166 0.00516 0.4975
Tk Comn 0.438 0.17 0.0058 0.4366
K Soybean 0.425 0.13 0.0181 0.5071
& Potatoes 0.667 0.05 0.011 0.6656
14 Peanut 0.556 0.2 0.0182 0.4372
K Rape seed 0.271 0.15 0.00548 0.5491
Fi4E Cotton 0.383 0.2 0.00548 0.4370
FEFHIE Vegetables 0.83 0.25 0.008 0.6031
JER Cucurbits 0.7 0.05 0.011 0.6031
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Fig.2 Greenhouse gas emissions and emission intensity of farmland ecosystems in Anhui Province from 2000 to 2020
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Fig.3 Greenhouse gas emission structure of farmland ecosystems in Anhui Province from 2000 to 2020
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Fig.4 Spatial pattern of greenhouse gas emissions from farmland ecosystems in Anhui Province from 2000 to 2020
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Table 4 Decomposition results of the impacting factors of total greenhouse gas emissions from agricultural ecosystems in Anhui Province

AR TR Contribution value/J7 t

Year AF, AF, AFy AF,
2000—2005 558.36 -365.08 963.75 -478.28
2005—2010 -1002.80 -78.31 2063.99 -772.32
2010—2015 -928.34 61.12 1672.11 -558.15
2015—2020 -663.64 -15.65 1790.31 -983.16
3 Total -2036.42 -397.92 6490.16 -2791.91

AF1—AFA MR RN AE 7= BORBON, AR A= 7= S RO AR ZE 55 7K P800 AR M A I RS AR

A N RSS20 2 R AR T AR S R GE TR SRHER ) BT BTk -2791.91 7 (3£ 4)  BF5E N
Al N1 R PR 238 BN T 1) SRS (1 6) , BT BTMRAE A7 b ik 23.83% , & 30 il T &= AR HE B K
M2, 20 Aok L BUR A T ASBIE D a3, B FAR LA AT AR W2 5, X Aol 55 8l 1 3 IR i
SRIBAR, 2Rl ERIR PR 25 52 B0 e 5 R DRHE SRR . 2000—2020 4E 4R A 1 BEASE PR 25 76 % 4k AR 28 R S I
S ARHER A BTER EE S - 17.71% (181 7)), S o AR IR DTk B2 43 501 by — 4.40% (2003 4F) F1-38.27% ( 2020
AR B RN S A S R B AR TR Ak S s ARl A 7 H S AR K PR B AR 1T R AR A B DR HE RSN

Al Az P AR R R 2 R AR AR S R GE iR = SR HEBUR R STk E N -2036.42 7 t, R 17.38%
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in Anhui Province from 2000 to 2020
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Fig.6 Changes in the contribution value of each driving factor to the farmland ecosystems in Anhui Province from 2000 to 2020
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Fig.7 Contribution of various factors to greenhouse gas emissions from farmland ecosystems in Anhui Province
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Table 5 Multiple linear regression results

At Aebrdi b REL brifiAl 2% T %t VIF {
Variable Unstandardized coefficients Standardized coefficients T-statistic VIF value
InP 0.240(0.087) 0.415 2.774** 99.152
InA 0.071(0.030) 0.563 2.357** 253.542
InT 0.100(0.071) 0.294 1.404 194.942
InAG -0.319(0.097) -0.786 -3.278*** 255.165
InU 0.191(0.110) 0.458 1.730 310.916
InAD 0.507(0.037) 0.467 13.702*** 5.164
InL 0.222(0.068) 0.465 3.253 % 90.553
W B Constant -1.252(0.951) — 1.317

TS N APRHEDR 2 5 5 |

s SPNFIRTE 1% 5% F1 10% 1) B E KT - 8.3 P ARA A %L Rural population ;A AT & B A4 7] 57 fig
A Per capita disposable income of rural residents; T 4 [P MU AL 7K Level of agricultural mechanization ; AG : 4%\l 7= {H Agricultural output value; U 3
B4k 3 Urbanization rate; AD . /KA FIME IR Rice cultivation area;L: AYJHREL & Per capita grain output; VIF: 77 22K Kl T Variance inflation factor

F6 WEIEFSHER(K=0.02)

Table 6 Ridge regression analysis results( K=0.02)

AEht bR R FifEdl R4 T gt F A8

Variable Unstandardized coefficients Standardized coefficients T-statistic F-value

InP 0.068(0.038) 0.117 1.796* 270.737(Sig F =0.000)
InA 0.001(0.007) 0.009 0.169

InT 0.164(0.019) 0.482 8711

InAG -0.091(0.021) -0.224 _4.268 """

InU 0.104(0.020) 0.250 5.089°"*

InAD 0.473(0.038) 0.435 12,571 ***

InL 0.098(0.029) 0.205 3366

“H AT Constant 2.533(0.549) — 4611

Tﬁ Djlj‘]j*ﬂﬁ?/#liﬁ, L

s x JMFIRTE 1% 5% 10% 1) B E KT |53

204 AT J5 i 2 STIRPAT #ERIGN .
In7=2.533+0.0681nP+0.0011n4+0.164InT—0.0911nAG+0. 1041nU+0.4731nAD+0.0981InL (18)
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Table 7 Scenario settings under different scenario combinations

175 5t Scenarios P A T AG U AD L
FEAENE 5t Baseline scenario (BS) h o h i wh H

G405 R 5 Green development scenario( GDS) 1% ik ik ik i % ik
ML & 17 5% Extensive development scenario( EDS) [ B ] ) B = &=
B 5t Low carbon scenario( LCS) e i 1% 1% e 1% 1%
Al 4L K ST 5% Sustainable development scenario( SDS) &S = rh -] EE i &=

ARG . (1) R (U) B3R B e 275 CLRAE B R AL L RI (2021—2035 4F) ) R L8l
AR 22 AR (2011—2030 4F) ), 2025 444 H 4R A O3B IE R 42 5 & 65%,2030 44435 3] 70%—73%,
2035 4ETITAR] 73% L) b, BE R T BB R AR LR A 2.2% ¢ LT RN
F BR300 1.5% 1 0.85% ; A& N IVEL(P) RIS BL AL R I 1S KR AH B, AR AR N FVECK 4 B2 55 T 1%
R

(2) L] i AT SZ A (A) BB SR KT 0, HLFE B 52055 ) = o 2 e B BE G AR I 72 7 1 1%
“A =AU RO AR R BRI AT S EOROA AR B 8.96% , 5 448 i RN AT S LI B K S
AR, AR h 2 B RIA TG HERE K 7% A4, BoE PSR TP a R TS
F7 AR R 7.5% 6.5% 5.5%

(3) ARNHUIRAL (T) ARG LB 0 1 A WU AL & AR Y DL AR b LR Ak & a5 H A, 31X
2025 AR HUILE B F738 5] 7200 J7 kW, 2035 AR A= 77 J A S ALK Ak 42 5 5, 48 R HLALE 3 ) il
1135 8000 J1 kW Zefi, W P AR T A Ak 7S H AR 58 1.15% . 1.1% . 1.05%

(4) K FEPIAE T AR (AD) PO TIN5 5 5 28 2% IR AR I 5 S & WIS I R 2, H AT L R ifE
FE DX R 7K AR A P TG AT 0, 2 AR 25 ) 18 8 K [ G /KRR IR BOR 5575 50 1, Bl o — B ik
e iR I R Ak S0 0 7 2R AR RS T FRUE 2007—2017 4F N AR AL PB4, S 24 R ifd Bl 224.7 J7
hm?  AEBIHEK K 0.53% ,2018 475 /KRR mI A B T 56 AR, S 3Fl m F ok 251.8 7 hm*, B °F
T ARHEE 2.7 J5 hm?, W - 00 30 B 1K RS AR B AL T 58 AN ARI P, Ak SR SRR I K 10 & e
FaH, ERFH I AUA BR KRR 25 A v LA B R O X K R IR g e 2 Y Bt R T
FNAL” B KA A BV AR T R . 25 b RE AR S R K R AR 1 R AR I OR RN T 1% BAIRR B
3, TAEBRTT =ASB IR AR 625300 0.5% ,-0.3% . -0.6%

() AN E (AG) FIAIPIRE i (L) WAy BAR K& e B s SR8, (0 F AR (g S Aa X s , BRI T B
[B1HES 21 F- PR A ( ARIMA BEA) AT RN, i aok X 45040 22 4ia 8 PR 5 04T I e s A o Ry P Al
PR 75 3 47 S MR 19 R DG R0 A O 32 504 6 2l {7 20 R0 DL i Jr 45 8. 1 1B e A A8 B 4, o o L LR
HH.
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Fig.9 Prediction results of greenhouse gas emissions from farmland ecosystems under different scenarios
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