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Configuration analysis of factors influencing carbon emissions from provincial
agriculture in China under the TOE framework: Combining NCA and fsQCA
methods’
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2. School of Statistics and Data Science, Lanzhou University of Finance and Economics, Lanzhou 730020, China)

Abstract: Developing low-carbon agriculture is an inevitable requirement for achieving sustainable agricultural development, and as-
sessing the linkage effect of factors influencing agricultural carbon emissions is a necessary approach for developing low-carbon agri-
culture. Herein, on the basis of the “Technology—Organization—Environment” framework, we constructed a theoretical framework of
factors influencing carbon emissions from Chinese provincial agriculture, with the aim of clarifying the complex causal relationships
among these factors. Having calculated the total agricultural carbon emissions of Chinese provinces (autonomous regions and muni-
cipalities, excluding Hong Kong, Macao, Taiwan and Xizang) in 2017 using an input-output method, and subsequently calculating the
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intensity of agricultural carbon emissions in these provinces, we analyzed the necessity of single factors for agricultural low-carbon
emissions or non-low-carbon emissions based on Necessary Condition Analysis, and analyzed the adequacy of multi-factors for agri-
cultural low-carbon emissions or non-low-carbon emissions by performing fuzzy set Qualitative Comparative Analysis (fsQCA),
which enabled us to assess the complex configuration relationships between influencing factors and agricultural carbon emissions. By
combining Necessary Condition Analysis (NCA) with fSQCA, we accordingly established that agricultural mechanization, agricultur-
al financial support, agricultural technician, environmental regulation, and rationalization of the agricultural industrial structure are
non-essential conditions for agricultural low-carbon emissions or non-low-carbon emissions. On the basis of fsSQCA, we identified
three influencing pathways for generating agricultural low-carbon emissions, which are summarized as machinery leading, machinery
and structure collaborating, and structure and environment collaborating types, as determined by summing up core factors. The solu-
tion coverage of the three influencing pathways was found to be 0.611, which indicates that more than half of the provinces with agri-
cultural low-carbon emissions can be explained. In addition, we identified two influencing pathways contributing to agricultural non-
low-carbon emissions, which are summarized as machinery and structure absenting, and machinery and environment absenting types,
as determined by summing up core factors. The solution coverage of the two influencing pathways was 0.427, which indicates that al-
most half of the provinces with agricultural non-low-carbon emissions can be explained. Finally, on the basis of a comprehensive as-
sessment of the pathways influencing agricultural low-carbon emissions and non-low-carbon emissions, we established that agricul-
tural mechanization, rationalization of the agricultural industrial structure, and environmental regulations are key factors influencing
agricultural carbon emissions. The three influencing pathways for generating agricultural low-carbon emissions include at least one of
the three key influencing factors, and the two influencing pathways contributing to non-low-carbon emissions lack two of the three
key influencing factors. Consequently, our findings indicate that the development of low-carbon agriculture can only be achieved by
ensuring the mutual promotion of technology, organization, and environment. These findings provide a new perspective for examin-
ing carbon emissions, and expand the scope of the “Technology-Organization-Environment” framework. Moreover, our findings
highlight the diverse approaches that can be adopted to develop low-carbon agriculture in the Chinese provinces.

Keywords: Agricultural carbon emissions; Influencing factor; TOE framework; Input-output method; Necessary Condition Analysis

(NCA); Fuzzy set Qualitative Comparative Analysis (fSQCA)
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Table 1 Data calibration and descriptive statistics

TEAIEERE Fuzzy set calibration

it 453 #Hr Descriptive analysis

BV s T
4 Set SEaA i’% R SRR it Frife2s Bt N
Not affiliated R Complete Standard . ..
Intersection S Mean . Maximum  Minimum
at all affiliation deviation
b R
. Tikﬁlkﬁf?ﬁﬂl{ E . . 0.085 0.036 0.020 0.146 0.325 1.386 0.010
Agricultural carbon emission intensity
AL
. i w‘%. . 1358.530 2360.190 4398.000 3275.342 2656.371 10144.050 121.840
Agricultural mechanization
A M BT
. ALt i.j 0.094 0.116 0.137 0.116 0.033 0.178 0.048
Agricultural financial support
3 A A G
AZQJHX*AM. . 1.343 2.239 3.032 2.235 1.281 5.428 0.289
Agricultural technician
FREE L
. AL . 3.000 4.000 5.000 3.900 1.248 6.000 1.000
Environmental regulation
el b 25 5 BAL
Rationalization of agricultural industrial —1.100 —0.643 —0.424 —-0.813 0.526 —0.141 —2.320
structure

A B B A R AR S SRl K T 1004% . Agricultural carbon emission intensity has increased by 100 times on the basis of original data.
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#
N
B

x2 DEZEHHI (NCA) NEERMLEEDT
Table 2 Necessity analysis of single factor by Necessary Condition Analysis (NCA)

A SN Jrik KETREE R X, L WRONAE Pl
Influencing factor Method Accuracy (%) Ceiling zone Scope Effect size P value

L HLM AL CR 100.0 0.000 0.99 0.000 0.414
Agricultural mechanization CE 100.0 0.000 0.99 0.000 0.423
LMV WA B A5 CR 96.7 0.006 0.99 0.006 0.122
Agricultural financial support CE 100.0 0.006 0.99 0.006 0.165
Ll FHA NG CR 100.0 0.000 0.99 0.000 0.463
Agricultural technician CE 100.0 0.000 0.99 0.000 0.463
PRI CR 93.3 0.058 0.99 0.058 0.032
Environmental regulation CE 100.0 0.025 0.99 0.026 0.080
A= b s H A Ak CR 933 0.073 0.99 0.073 0.004
Rationalization of agricultural industrial structure CE 100.0 0.080 0.00 0.081 0.000

CR: FRRIEIH; CE: FRRALZS . SEmm B F RGO R 8 B . PIECR T S8 ks 45 s, S RIRECH 10000, CR: Ceiling Regression;
CE: Ceiling Envelopment. The influencing factors are measured by the fuzzy set membership degree values. P value obtained through permutation test, and
repeated adoption frequency is 10 000.

x3 DEZESH (NCA) SEERVLEMERBIATESH
Table 3 Bottleneck level of single factor necessity by Necessary Condition Analysis (NCA)

Ay e R B S E AN B 28yl b 25K 5 AL
Agricultural carbon Agricultural Agricultural financial Agricultural Environmental Rationalization of the agricultural
emission intensity mechanization support technician regulation industrial structure
0 NN NN NN NN NN
10 NN NN NN NN NN
20 NN NN NN NN NN
30 NN NN NN NN NN
40 NN NN NN NN NN
50 NN NN NN NN NN
60 NN NN NN NN 1.9
70 NN NN NN NN 10.1
80 NN 1.3 NN 7.1 18.3
90 NN 29 NN 28.6 26.5
100 3.0 4.5 4.0 50.0 34.7

TREKF43H R R BIE T, NN /R AR E: . Bottleneck level was analyzed by Ceiling Regression, and NN indicates unnecessary.

R4 EHEEEILES ((5QCA) X AE RN BHEEIN
Table 4 Necessity analysis of single factor by fuzzy set Qualitative Comparative Analysis (fSQCA)

25 Result
S % : :
Influencing factor AL AL AR
Low-carbon emissions of agriculture Non-low-carbon emissions of agriculture
A HLIRAL
Agricultural mechanization 0.742 0.431
vealZ] n
jt&lkﬂlf)ﬁiﬂi o 0.389 0.705
Non-agricultural mechanization
NAG X
RAEC 0.549 0.558
Agricultural financial support
NApisEss
AR 0.539 0.533
Non-agricultural financial support
FAHARN G
Agricultural technician 0.571 0.488
AN G
Non-agricultural technician 0.507 0.592
RS HL
R 0.674 0.499
Environmental regulation
SR HL A
RS 0.423 0.601
Non-environmental regulation
Rl =k 45 5 2
o RIEE L 0.722 0.364
Rationalization of agricultural industrial structure
Aegll b 25 5 BiAL
0.374 0.736

Non-rationalization of agricultural industrial structure
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A1 A TOE HESE N 3 [ 4 3 ll A HE i mey R R LA 0 7 1573

0.750; H 45 8 B i, F R BRI B E N 1. H
F AT T8 53 B RS A IR B SR AN 52 i R 3 —
AR Ml AR HE T AR AR B HE Tk, PR It 3 DA A
W), A S g5 52 43 BT, BB A5 0 PR 3R AR A AE 5 ik
5 4 RT T R AR Ml AR B HE SR AR e HE R . e i e ]
fift 7 240 fipt 1 % 2 56 22 56 LU R R S R A A 422 00 5%
1A 0 300 B 5 A< B AE v [ figk 0 67 240 £ v S s Y 5
Wi PX] 38 A 32 i R A% 0 S5 A, AR Hh TaD e v 1B B 52
Wil PR 2 M i 2 41 AT A SR AN S TR .

1) ARy A HE A 425 23 A

HADHEER (3% 5) o, RN ARBRHE T 15
PRAZA 4 55 (S 1. A5 20, 2075 2b FILHAS 3), H
— Pk 0.887. 0.969. 0.991 i1 0.982, ¥ T
0.800, A& —F MKy 0.938, UL 4 452 WA 512 1 Ky
TE A ML AR B HE Tl i) 58 40 25 A, FErP 412 2a FIALAS
2b RO SRR ), M AL T B SR LS, 139E N
— 2 AR A A A 44 1 AT I M TR N, AR O B Al
R HE T B A% 0 S 14 4 ZR S R A S 44 A
PLAK 32 57 (A 1), ML —Z5 8 U [A) 2 (413 2a
1 2b) LA e 25 M —ER B Il Y (4R35 3). T4 &t
T 22 A5 T A 43 Ay 52 ) R M AR Btk HE Tk 9 5 25 52 o 1A

U AL 412 1 BT DL ML Ak 7K1 Fn
1o A WV BB SR A% O S, BB AR R B
I i PRI R Ry 20 % 2% A4 I 52 i R 26 21 5 0T 200 T
A AR ARHE R o 2% 203 1 JRL 46 7 25 15 Ry 0.283, B
— 7 55 B2 0.086, i W AR Ml I Bk HE i 5 1
28.3% M4 1 e iz 4 S R, b 8.6% A 1 H
REWE X S LA A e, BB 22 48] S VT3 . Tl P LA A 1Y
N o A HUAR A 38 2o 5 U5 2R C 7 R R Al e HE
G, Iz AR H AR N A%, (8 TS A P BRI
[FIESF, Ll 3™ 7 B B 458 0L ) B A ol A 7= 5 4 v A
BOR, AT RO ARHE R ten, W 3K
FEA KA, 2017 AERAOAHIIES) 7 10 038 J7 kW-h,
EHEA S 2, R EAR NG 3T A, B4R
PUIR A AR 3R S i A = R, AH N E 3 2 i el B AR
N G SR AR 7 BORPRE T 8, 0 2 ™ 1 B
R, Ry A AR AR Y B R4 25 A o
MU —Z5 A P [ 8 . 22 2a DL RO HLAR AL 7K
S F0 1m A l PE l 5 AR A B AR R A% O A5 A, AR AR
RS S ESTIEIF=Y € % IS EUE- < I LY GEi
i BE A 0.202, ME— 7 55 B A 0.058, 156 I Al A de HE

x5 RUBAHZWMERNASER

Table 5 Configuration results of factors influencing agricultural carbon emissions

A ARBRHEL Al KRR R
ATk S Low-carbon emissions of agriculture Non-low-carbon emissions of agriculture
Influencing factor EiES| 4i752a 41752b 423 i A54a Z1754b I
Configuration 1 Configuration 2a Configuration 2b Configuration 3 Configuration 4a Configuration 4b Configuration 5
LA HLAL
Agricultural mechanization L L4 ® ® ®
My BT R
Agricultural financial support ® ® ® °
el FARN B
Agricultural technician * ® ® ® °
IBE L
Environmental regulation ¢ o ° ° ®
Al 7l 25 ) A 3L
Rationalization of agricultural (] [ ] K X °
industrial structure
2k 0.887 0.969 0.991 0.982 0.850 0.874 0.851
Consistency ) : ) ) : ) )
R R
Raw coverage 0.283 0.202 0.425 0.257 0.179 0.202 0.066
M SR
Unique coverage 0.086 0.058 0.080 0.043 0.046 0.069 0.031
SR —E
Solution consistency 0.938 0.926
IERENG
R i 0.611 0.427

Solution coverage

@R LFAAFAE, Q) FRBL 5B, o FIRINGIAAFAE, @ FIRIMGIAIIR, 25 IFIR LA AT A e il Bk o Xl 3F ik
HEEAE R AT IR S DT, 5 ZEXT B2 e 25, AT Sk B AR L MU AL Al BEAR N B AR BRI, “xF7R“H”. @ indicates existence of
core conditions, ® indicates absence of core conditions, @ indicates existence of edge conditions, @ indicates absence of edge conditions, and blank indicates
that the condition can exist or be missing. When conducting standardized analysis on truth tables that affect non-low-carbon emissions of agriculture, we need
select prime implicant. The prime implicant in this study is “non-agricultural mechanization x agricultural technician x non-environmental regulation”, and “x”

indicates “and”.
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% 32%

T 28 491 v 20.2% 1Y 48 0y BE B 12 20 A8 i R, Horp
5.8% (L REBIZ A A M B, BURV SR 19 Ry 2288 1AL AN
J77R o LA 2b DA AR LA fb K P s Al =l
SER A A A0 AR 1, R EREE LI A i 2 A, TR
Uf 4 55 5 R 0.425, ME— B 35 B4 0.080, it HA AL A%
i HE TG 28 1) v 42.5% 448 10 B Bk 12 4 75 OR i R%,
Horfr 8% N R H X AL A R, BRI PE . =
5T . HCBCLH A 2a 1 2b KPR, W AR O SR AR
), OB AARTR . w0, HZ KAk Bl
PR 55 558 B B4 A b = b 45 ) [R) st A7, B b
WA B S5 T AR . Al H R N BB RN %, g
K By A Ml AT Bl HE e 25 5 7 7 Az, 2 B DARE T A 3
BRIV R 0 B, Al e el HE R N BB SR . DL B
A RHI, 2017 LB RSB 7] 6313 JT kW-h,
S EHEA S 4, ZRIRFEH—0.59, Mol 7= 8 o5 A bRt
A B ELY 6.9%, B i T4 B KOF, K
AR B P A 55 G 30 A 7 b 285 46 AH BLARE F,
(v 40 o e M B HE T

5RO AR, 1S 3 48 DA SRk
ARG PRI A s Al 7= M 5 44 - 3R R %
AR R R PR 2 AL v B AR AR B HE . 1241
A JE LA 55 N 0.257, ME—78 35 B R 0.043, 160
MV AR HE L 1 2 1 b 25.7% (1948 0y RE M 1% A 1 25
fift B, Hoh (A 4.3% HBER R4S MR, B R )
AR FNTL VY o Al 7 ol 25 4 G AL R B v A
A PRI i 45305 1 =2 ) 9 R R A B, AR kA B T
AL AR HE I, P 22 7785 ) BB KL, i — 24 1F
T A 7l S5 K A BRAL BB BN o B A A A
2017 4E R ZEIRTE KN —0.80, ol 7= 18 o5 4 bl
BEE T 8.3%, A EHEA S 4, 780y KAE T Mol i
B B0, I HLIA R RT3, 29 Al A= 7= 5 R
FH 15 G A HEO A 7 O =K

2) Al ARARARHE I 42 53 B

5 Bon, Al IE AR AR HE R Y 5 B AR A 3 A%
(A7 4a, A7 4b FIALES 5), H—FES 518 0.850,
0.874 1 0.851, #4155 T 0.800, 4t fA&—F 1y 0.926, i
W 3 2% 5% A B A2 02 S SCAOL AR R HE T 5843 4
1, 3 Z A2 AL 75 da FIALZS 4b B9 K% O 5 1F A ],
R T B M AL, A — 25 RS SR
AR AR Al HE T A0 A% O S A4 5% T TR 3R 21 S A 44 o8- AL
P45 e Bl 2 B (ZH 25 4 F1 4b) FIAIL IR —3F 85 ke O
R (ALZS 5), T 125 A HL AR 2 B 40 43 A 52 i Al Al
TRARHERO R S PR A3

P —Z5 A B 7, 1S da DUE SR HLAR £k

KPR 5 AR Mk 254 A BRAE A A O S50, AR
ANl WA BB S 5 0 ey IR BE R A 30 % A5 0, G 7
JE S 0.179, ME—78 35 B Ry 0.046, 138 I A4l A A% A% HE
Y ZE B 17.9% B4 0y REWOZ A S Re, Hrp A
4.6% X RERIZ A S MR RE, WAL BEVE . 4075 4b
MIAZ O 25 A S ALAS da A, SO S AR S ARl 4%
RN G BB R, I bn 7 55 B2 o 0.202, ik — 7 o7
4 0.069, & B4Rl AR AR A HE ik i) 22 4611 v 20.2% 1Y
B REVZ A SRR, Horh 6.9% HAEB IR AL S RS,
AV G) AR, TEANL T, &EHE 45 4b
K, BIAE BB R LA™ T, (AR LR AL K PR
B = b g5 40 A FRAL R BEAIG, U588 & T 8ol 3R
TRBRHE . M4 AU AL AR, I LAl ™= b 2544
AN BRINE, T35 AH L 24, Al A 7R RO, n =z Ak
M AR N BLE D, AR W B 7 BN GE, Rlk
AR5 HE 35 LR R, BRI b A ™ 6 A P 45 4
il X B A A ML B HE Bt e U TR, Wen, LT
2017 AEAR AL AUE B ) A TR 5] 2215 T kW-h, Z8/K
BHCH—1.43, & JRARGRAR Y 1 I AS 5 S5 R 1 ek

I T A B HE R BE AL T A T

LR —IA BT B AL 41 5 DR m RO AL 1L
KL AL F AR BREE B R R0 A,
o AR M T TR S AR R R AR M 5 4 B S 0 2 O
7, R LR 7 55 05 0.066, ME— 7 3554 0.031, UiBR
Ml AR AR A3 HE A 58 49 TR AU 6.6% Y48 1) RE W% 4
SRt I HHAE 3.1% M4 0y B RE B % 41 25
B, BLAIZE G LT o R AU ALK P A A,
ZIABERE J1/N, Bofdi ol A= 7 28 H B AR AH
BTN, Tk B AR A B A KPR B BRAR, (H 2
R FARN G R Z, SFEEARTE S A S5 HEA T
fict, 7™ B BELAR (PR A Ml & i, B K o 8 1) W B S
A BB AR 7 Ml 235 46 A, T8 R T ARl BLAR A 7K
SV FH A5 R AR OGRS A BE g . 2017
AEAR LV LV HLLE B 7728 1376 T3 kW-h, fHA
BARNG S 2 7 N, BERBEIE S A B IC F A
A HL, WAMZAE UIBEAR T ARHERC R £ 5, Rl 315
FRLRI AR, ARl B HE oo B J& 4 2 6 i, 5
Al & AR 7™ A
33 REHRn

AHEFEC R PR T 22000 1 5 PR 3R A B
(CELARGE HE WA SCHE P R AR http://www.ecoagri.ac.cn/
cn/article/doi/10.12357/cjea.20240087), 45 5 1 45 Fa i,
T S e R 2 A AT AR R R A TR B . QCA
IRV BRI, A U S BT R 2
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4 Fig5EW
4.1 it

AHF 5T L F TOE HEZE, 45 & 4% A 7= A Al
fSQCA LA K NCA 43 #7751, X 4 b ik HE 2 i R 2
JEIFAER M, BB TIEL: ) RHNCAL
fSQCA HHZE G 1 7 1 6 B[R R b M EA T 40 BT R IH,
PALHUIEAL . Al WP B S RE . R AR AL P8
FL LA S A 7= b 4546 45 BRAE 5 A2 IR 2R 2 e
AAAR AR SR BB %, 2) R £$sQCA
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1, MEFE RO 2R 25 LA 55 . HLBR-25 48 P
[7i) 80 L S 235 g - IR B P ) 78, 4 S5 5 ) B AR 1) S AR
TEHE N 0.611, REFRAE 50% LA A A4 b A HE il 25 11
Ay I, B 3 4% T Bl AR HR A 14 52 i (2
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