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Table 2 Emission coefficients of methane for different rice types at provincial level in China (g/m?)
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Figure 1 Total rice production, yields and production value in China,
2009-2021
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Figure 2 Unexpected output of rice in China, 2009-2021
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HrORl A > IR, BERE AR A TR RS A T AT i R I T
BRIz A1, B rbr ORI R FORE AR I 4F 2 7 R

L1 = B e JHIfE — BehlAE —— KR
M 1.0 -
&
R
# 09 |
0.8 . . . . . .
2009 2011 2013 2015 2017 2019 2021

E4h

B3 2009—2021 FHEKBESHEHEENES
Figure 3 Trends in rice productivity in China, 2009-2021
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Figure 4 Proportion of provinces with data envelopment analysis (DEA)-

effective production efficiency in rice in all studied provinces, 2009-2021
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Table 3 Source decomposition of national average productivity of early indica rice, 2009-2021
BAITAR W A 2 AR TR
O TR e S R HERKE EKE RKE e R
A B FHEREE BokEE HEEK TRAR
2009  0.8856 -140.23 -183.92 0.00 -0.95 -1351.03 0.00 0.00 -520.88 -61.01
2010  0.8328 -20.70 -843.48 -46.55 -1.57 -1659.51 0.00 0.00 -885.79  -108.41
2011 0.8971 —-247.34 0.00 0.00 0.00 -632.29 -31.00 0.00 -367.21 -67.50
2012 0.8576 -171.52 -2399.74 0.00 -0.60 -1773.53 0.00 0.00 -359.50 -44.69
2013 0.8455 -143.70 -4023.83 0.00 -0.17 -674.80 -19.56 0.00 =272.10 -13.19
2014 0.8909 -99.62 -2843.37 0.00 -0.23 -1068.43 0.00 0.00 -308.53 -25.96
2015 0.9228 0.00 0.00 -37.40 -1.48 -2567.53 -52.85 0.00 -439.23 -20.63
2016 0.8391 -175.52 -359.33 -620.33 =-2.10 -2108.60 -147.82 0.00 =751.03 -174.91
2017 0.9073 0.00 0.00 0.00 -0.45 -1505.20 -20.65 0.00 -257.32 -44.43
2018 0.9129 0.00 0.00 -444.75 -1.97 0.00 -88.49 0.00 -442.48 -46.90
2019 0.8760 -169.49 0.00 -600.07 -0.95 -2379.65 0.00 0.00 -551.04 -81.11
2020  0.8513 -437.34 0.00 -1100.64 -1.75 -2583.11 -56.99 0.00 -309.34 -30.24
2021 0.9234 0.00 0.00 -716.80 -0.81 -2052.40 0.00 0.00 -326.87 -8.14
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(EHE 7 5 55— o [R] s o g A 88 1 4548 1 2 7
BCRAEE AR & T 4 E P RKOF A 7 e B KR
o BRULZ AN IR0y, BRVL VG 28440,
oA AE 13 (0 2 7 BRI T A AR

(2) PHb T X B R AE X o T A i XA
TR OCREREES . B R, R X KR
ROFAEREH R T 1., 2009—2021 4EBE G A4 25 77 3%
RAELEHE A O J3 hOoRAS 268 — O B =l R 1) 7
2RI T R BORA R, A 7 ROR RS T4
X558 e K- o

(3)AERT B REREAEIX o FrE X S 2 8
HREKEFE R, DR RIAS Ry 3 R RS Y
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W RIS 1 T P A 7 RO AR I & T4 B KF
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AT HLIX 6—10 F 22 22T . 5 KUAE FH R PR 252 il
oK A IUAY, Mg K AR FARRE AR .. &
2018 4 J A P8R AT B Tt (B A BEGE A
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(4) ZRAL FARBRARIAEIX . B Hh X 20 4F
KR FEME A R AR ARS8, o B



TR A BTRIRET LT o R AR AR R SR T A 1337

202447 A
R4 20092021 P EDKFEREAE PR LA
Table 4 Comparison of productivity of rice in China by region, 2009-2021
ek FHAE Rk AR HiA

B HS B B iR

Bl AR A ol R R B

P WL 1.0362 4 1.0135 —

i YT 09536 8 —
ZEC 09951 7 0.9315 10
WAL 1.0325 5 1.0087 4
W 1.0502 1 0.9408 9
Hi — 1.0050 6
LN — 1.0063 5
Pl — 1.0273 3
radbTE T — —
RHRER ey — 1.0556 1
ERME fEd 1.0396 3 0.9977  0.7615 11
i 7 0.8991 9 —
P8 1.0082 6 —
MR 1.0440 2 —
RALHRB NFEE — — —
BERE gy — _
B — —
PRGN R — — 0.9723 8
i HM — 0.9852 7
AL R — 1.0523
A L — — —
IR — —
SRl 1.0065 0.9769

0.9866 1.0277 3 1.0108 1.0226 5 1.0289
0.9560 7 —
0.9879 4 1.0068 9
1.0318 2 1.0763 2
1.0505 1 —
— 1.0097 7
1.0556 — — 1.0554 3 1.0554
0.7615 0.9631 5 0.8653
0.7488 9
0.7933 8
0.9561 6
— — — 1.0112 6 1.0032
— 0.9425 12
— 0.9777 10
— 1.0812 1
0.9788 — — 1.0357 4 1.0357
1.0523 — 1.0096 8 0.9656
— — 0.9234 13
- 0.9637 11
0.9380 1.0089

R T oz — . B [, 2009—2021 44 72508
PIEIEE 1o BIRTURERS A9 A F=BOR AR (E HE 4 56
— JFSEELT DA R RO A B, A RO AL T
FKF .

(5) VUG PA XU ARG REE X o T A 1L X V3 5
5 RE KRR E A S, A =g oA
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ERT 1, Pl RS 9 53 M1 48 7 K 2 808 fR A=
PR

(6) b PN B REREE X o AR b, BRI 7K
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2018 4F IR A W AE PRI R T 1 b TAE A 8K,
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Figure 5 Interprovincial comparison of interannual changes in rice production efficiency in China, 2009-2021
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Table 5 The fuzzy-set qualitative comparative analysis (fsSQCA) necessity test for individual conditions
K HER R TP 454
RE Ap Bl Aml ~Aml Qua ~Qua Dis ~Dis Tre ~Tre
RARE  Ef — ¥t 0.6698 0.5653 0.5820 0.5802 0.5951 0.6978 0.6623 0.6231
R 0.7194 0.6048 0.5810 0.6717 0.6905 0.6952 0.6466 0.7406
~Eff — 0.5733 0.6983 0.6724 0.5150 0.6465 0.6918 0.7478 0.5818
R 0.5331 0.6497 0.5810 0.5162 0.6493 0.5966 0.6320 0.5986
PRI B — 5 0.5987 0.6476 0.4942 0.7749 0.6362 0.6672 0.8499 0.5269
R 0.5835 0.6953 0.5674 0.7132 0.7130 0.6263 0.7870 0.6004
~Eff — 5 0.7036 0.6566 0.6746 0.6065 0.5843 0.7325 0.6337 0.7598
MR 0.5537 0.5692 0.7416 0.5345 0.6271 0.6585 0.5619 0.8290
meklfE  Ef —Epk 0.7359 0.4563 0.6542 0.5303 0.5320 0.6252 0.5631 0.6330
| 352 0.7595 0.4691 0.6139 0.6053 0.5931 0.5985 0.5282 0.7229
~Eff — 0.4515 0.4389 0.6328 0.5631 0.5546 0.6124 0.7423 0.4660
b 0.7526 0.7285 0.5592 0.6053 0.5823 0.5520 0.6557 0.5011
Tl Eff —E 0.5694 0.7503 0.5860 0.5949 0.6764 0.6548 0.6459 0.6713
B 0.6692 0.8046 0.6775 0.6477 0.8608 0.6564 0.7111 0.7671
~Eff — 0.7675 0.6407 0.5870 0.6439 0.5624 0.8603 0.7399 0.6650
B 0.7066 0.5383 0.5317 0.5492 0.5607 0.6756 0.6381 0.5953
o ~FR R, R,
F6 KIEEYEMBIELES
Table 6 Antecedent grouping patterns in rice productivity
a7
la 2a 1b Ic 3 2b
HUAL AT Ami ) ® o ° ® ®
578 J1 it Qua ® ® ® (] ®
H AR K EFRE Dis ® ® ® ® ® ®
IKFEMNAE B EE T Tre ) ® ® )
—Ek 0.9631 0.9301 0.9580 0.8964 0.8373 0.9638
Jihf e T 0.3899 0.4339 0.4427 0.3359 0.3894 0.2357
ME— B 0.3899 0.4339 0.2718 0.1650 0.2688 0.1350
SR —F 0.9631 0.9301 0.9125 0.8982
SRR R 0.3899 0.4339 0.6078 0.5045
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IR

(DFAM IS TR T4 . ZHAS la Ml 1b 45 LA
e UL K Al R 97 3 0 B A0 25 A AR R
AR R L O 100 5% 2% A B8 AR PR 2T LSS o0 i

PR KRR AR R RCR  AAS 1e 48 DL E ML AL K
T AER AR FRE AESKRE N A S R,
U S5 P LASE 40 S B i K RS A 723008 . e La
1b Fl Le, W] LUK B 5 76 A% 0 55 A0 E AR TR AXUAE 34
G FAFAERACE R (la 1o AR 25 80 ) i
5 le HERKRENAE AR S5, 3X e i, £ sk 4
By 55 3N DI RN L A SR O R AR A A
SRR ES T, 0] LU i B2 THHLAR Ak AP 12 5 XL
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Figure 6 Paths to improve rice production efficiency in China
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Table 7 Robustness test results

Giap)
A RIS Rl e Al e TR
la 2a 1b lc 3
WAL AT Ami ) ® ) ) ®
758 1 it Qua ® ® ® )
HARIERE Dis  © ® ® ® ®
KA M 7 Bl ° ® ®
e Tre
— 2 0.9631 0.9301 0.9580 0.8964  0.9638
J b 7 i 0.3899 0.4339 0.4427 0.3359  0.3694
ME—7 3 0.3899 0.4339 0.2718 0.1650  0.3694
SR 0.9631  0.9301 0.9125 0.9638
ISRENG 35 0.3899  0.4339 0.6078 0.3694
4 FHRE5EBEREIWN
4.1 5ig
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Efficiency and improvement path of rice production in China
under resource and environmental constraints

XU Jing"?, XIONG Shihao"? ZHANG Qian’
(1. Business School, Yangzhou University, Yangzhou 225127, China;
2. Jiangsu Modern Logistics Research Base, Yangzhou 225127, China)

Abstract: [Objective] In the context of high-quality development of the rice industry, analyzing
the spatial and temporal trends and differences in rice production efficiency in China under
resource and environmental constraints is of great value in exploring the improvement of rice
production efficiency in the future and promoting the green and sustainable development of rice
production. [Methods] Drawing on China’s comprehensive rice input-output panel data from 2009
to 2021, and using the window DEA analysis method based on the super efficiency SBM model
and the fuzzy-set qualitative comparative analysis method, this study examine the rice production
efficiency and improvement path considering climate and pollution emission under resource and
environmental constraints. [Results] The research showed that: (1) Rice production efficiency
across the nation was generally at a commendably high level. Round-grained rice demonstrated the
highest efficiency (1.0089), followed by rearly indica rice (1.0065), medium indica rice (0.9769),
and late indica rice (0.9380), and the proportion of early, medium, late indica rice and round-
grained rice with relatively efficient average productivity was 77.78%, 76.92%, 67.13%, and
58.12% of all years, respectively. The average annual carbon emissions from rice production
showed an inverted U-shaped trend. Concomitantly, the nitrogen and phosphorus pollution index of
rice production remained conspicuously high. (2) Overall, regional differences in production
efficiency were significant across China’s six principal rice paddy regions. The average value of
rice production efficiency in central, northwestern and southwestern rice paddy region is higher
than the national average, that in northeastern and southern rice paddy region is lower than the
national average, and that in northern rice paddy region is higher than the national average for
medium indica rice and lower than the national average for round-grained rice. (3) From the
perspective of grouping patterns, six paths to improve production efficiency were found, and the
three main paths to improve rice production efficiency are: technology-oriented, market-driven, and
talent-led. [Conclusion] Increasing the prevention of source pollution, taking advantage of efficient rice
paddy regions and providing high level of technical agricultural services are important paths to
improving the efficiency of rice production.

Key words: resource and environmental constraints; rice; production efficiency; fuzzy-set
qualitative comparative analysis; China
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