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Abstract: Agroecology serves as a pivotal approach for promoting agricultural green transformation and realizing rural revitalization
in the context of sustainable development. As the primary vehicle for the practical implementation and innovative demonstration of
agroecology in China, ecological farms hold significant theoretical and practical values for exploring pathways toward high-perform-

ance development. This study focused on 58 national- and provincial-level ecological farms in Hebei Province, encompassing both
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crop-based and integrated crop-livestock operations. Employing Data Envelopment Analysis (DEA), this study constructed a compre-
hensive performance evaluation indicator system to capture the multidimensional nature of ecological farm development. Using cross-
sectional data collected from field investigations in 2022, the super-SBM (Slack-Based Measure) model, which incorporates undesir-
able outputs, was applied to measure the development performance of each farm. Subsequently, a configurational perspective was ad-
opted, and Fuzzy Set Qualitative Comparative Analysis (fsSQCA) was used to reveal the pathways through which various factors syn-
ergistically contribute to the high-performance of ecological farms, focusing on the interplay among resource endowments, produc-
tion and operations, market conditions, and tri-party support. The findings of this study were threefold. First, with a mean score of
1.088, indicating DEA efficiency attainment in most cases, ecological farms successfully balanced the dual sustainability objectives of
ecology and economy, where operational performance disparities remain observable. Second, four distinct pathways leading to high-
performance of ecological farms were identified: 1) the resource synergy pathway, which prioritized strategic coordination of land-
labor allocations through policy-supported optimization; 2) the vertical integration pathway, which centered on cultivating premium
niche products to establish closed-loop value chains from production to distribution; 3) the industrial convergence pathway, which or-
chestrated cross-sector convergence by interlinking primary production with processing and experiential tourism sectors; and 4) the
tech-market synergy pathway, which leveraged smart agricultural technologies alongside multi-channel marketing architectures to
maximize market penetration. Third, this study identified three constraining pathways for underperforming farms. These included the
eco-overemphasis pathway, with an excessive focuse on ecological goals and undermined economic viability; the resource misalloca-
tion pathway, which characterized by the inefficient use of available resources and lack of market responsiveness; and the factor bot-
tleneck pathway, with limitations in land, labor, or capital restrict farm development. Based on these findings, this study provided ac-
tionable recommendations. Ecological farms should prioritize strengthening resource integration and efficiency through targeted sup-
port in areas such as financial subsidies, technology promotion, and market development. Moreover, a dynamic entry-exit mechanism
for ecological farms should be established to stimulate internal vitality. Additionally, policymakers should promote multi-industry in-
tegration and innovation to enhance self-sustaining capacities and achieve long-term sustainable development without overreliance on
external support.

Keywords: ecological farms; development performance; Data Envelopment Analysis; Super-SBM; qualitative comparative analysis;
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Table 1 Evaluation system of ecological farm development performance
— Y FekR — Y FekR ' S
e 1) AR Ak ) i
First-level Second-level : . L .
L e Variable name Variable description Unit
indicator indicator
PR T A Fh IR I S BRI A T AR hm’
Input variable Land investment Planting and breeding areas Actual planting and breeding areas of the farm
LK A PN TR K BRI A S, A7 K IR AR thm™*
Irrigation water Irrigation water input per unit area, measuring water resource input intensity
consumption
Fioh A & % T A I E T A% person
Labor input Permanent labor Number of long-term fixed workers of the farm
Bz PANS KI5 TEBAS s d
Total labor hours Total labor hours of permanent and temporary workers
BEABA TR A RGAENFIE R AT B B IR S 10'¥
Capital investment Working capital Working capital input to maintain normal farm production and operations
[ 5 PE A BIIFERIBLIE AR A A 18] 15 9 10 ¥
Fixed capital Fixed investment in farm infrastructure and machinery equipment

ABIAABA BRSBTS

Eco-agriculture Area proportion of

A ZSARMABAR E AR o A 3 S B AR A LE £ %

Proportion of ecological agricultural technology application area to total cultivated

input ecological agricultural area of the farm
technology
it L=V Ve S 224 10 F—r ™l ARIGFERFIAE . FRAE S 10'¥
Expected Economic Ouput value of the primary Income from basic planting and breeding
output variable  performance industry
S E A REIMTHERIA 10'¥
Ouput value of the Income from primary and deep processing of agricultural products
secondary industry
= E KWL, Rl . BEIEMFL WA 10 ¥
Ouput value of the tertiary ~ Comprehensive income from farm tourism, picking, and educational activities
industry
BB BAEAL YER 7= x BT R B B t
Green performance Crop carbon sequestration Sum of crops yields multiplied by carbon sequestration coefficients
e e LR A b gk
Soil quality Soil organic matter content
B Aol g A UL xR RCRE B A t
Ap Agricultural non-  Total nitrogen emissions Sum of nitrogen fertilizer applications multiplied by emission coefficients
yuindesirable - point source B PR i s R A ¢
P p Total phosphorus emissions  Sum of phosphorus fertilizer applications multiplied by emission coefficients
RG] RTINS AT 18 =R 25 B BRI AR Y LA %
Pesticide usage Pesticide environmental load index, sum of pesticide usages multiplied by
environmental toxicity coefficients
ESA 2z AR YRR RO R T 7 & A s S HE T 2 A t

Greenhouse gases Greenhouse gases emissions Sum of crop area multiplied by emission factors and livestock numbers multiplied
by unit emission factors

R2 ETRHERBERMEEEILRI T (sQCA) WERHEERER A
Table 2 Condition variables and descriptions for Fuzzy Set Qualitative Comparative Analysis (fSQCA) of development pathes of
ecological farms

Yepe AR AR At ] B
Dimension Variable name Description Unit
PR B A PG SBRAE P 2B TR hm®
Resource endowment Land scale Actual production and operation area of the farm
EipiLel KGR TH 10°¥
Labor resources Farm labor employment costs
s TR AIAE A i A HIAIERN SR
Production and Product certification Number of certified green or organic products
operation EAAIAA AR AN A R E
Agroecology technology Number of ecological agricultural technologies applied by the farm
iR77E LS 43 KRG RS, R — . = =77 & e %
Market conditions Industry chain Degree of farm industry chain integration, which is calculated by weighting the proportion
of the output value of the primary, secondary and tertiary industries of the farm
HYELE RGAR T i A B Y B0
Sales channels Number of main sales channels for farm products
=5k =T SCRHERL A BN A WG 4 B 5 ( BY T A A S I 2R A R AL %

Tri-party support

Tri-party support index

Comprehensive index including government subsidies and credit accessibility
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F3 EDRIGEMETHEILED T (SQCA) FHTEMNRMERE ERMESLH

Table 3 Fuzzy set calibration quantiles of condition variables of ecological farm’s for Fuzzy Set Qualitative Comparative Analysis

(fsQCA)
TR SRR 14313 %X Fuzzy set calibration quantile
7Efik Variable oy SN S
Fully membership Crossover point Fully non-membership
+ HuHA Land scale /hm’ 13.34 45.02 101.28
975 J1% U5 Labor resources /x10* ¥ 40.35 84.1 156.25
F= i AIE Product certification 6 3 1
AR AR Agroecology technology 2 4 7
7\ 4 Industry chain /% 14.45 37.89 64.12
FHEUIE Sales channels 1 3 5
=5 S 4L Tri-party support index /% 0.249 0.357 0.487
H A5 % B SIAL Ecological farm development performance 1.223 1.045 0.976

P, R mAEDTRRE, 40~50 % Y £
BHBRZ, 2BHFZIRKREZRKE (5L 48.28%).
KRGS FEMIERER Y . AVEF AL
AN I Z B IR A F) (34 ), HkOE A EA
(10 K), KEERIIEA S b . RIGAEFR X EH
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Fig.2 Development performance levels of ecological farms in
2022
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bl
o
=

R4 BEMEEEILEAIN (SQCA) FUHTEMNETRATENRRNATS ML ERRE
Table 4 Necessity test of condition variables in the Fuzzy Set Qualitative Comparative Analysis (fSQCA) of configuration analysis
of high-performance development of ecological farms

2577 B Outcome variable

High performance of ecological farm
—H(: Consistency ¥ Coverage

HEBRGARR RIRETK
Non-high performance of ecological farm
—3Pk Consistency P 5 E Coverage

AR

Condition variable

+ A Land scale 0.823 0.532 0.834 0.564

~+ i ~Land scale 0.775 0.578 0.791 0.619

781 J1%¢ IR Labor resources 0.690 0.624 0.727 0.531

~57 8] J1%% i ~Labor resources 0.742 0.502 0.805 0.661
7= AGIE Product certification 0.812 0.665 0.673 0.578

~;= fiAJIE ~Product certification 0.778 0.597 0.841 0.633
ABLO AR Agroecology technology 0.734 0.609 0.751 0.524
~HEBAON AR ~Agroecology technology 0.829 0.518 0.702 0.647
7 \k 4% Industry chain 0.707 0.635 0.819 0.512
~\P 4% ~Industry chain 0.769 0.564 0.684 0.590
AU Sales channels 0.682 0.614 0.773 0.657

~A B4 ~Sales channels 0.845 0.525 0.832 0.538

=J7 34F Tri-party support 0.754 0.589 0.765 0.622
~= 77 3§ ~Tri-party support 0.692 0.541 0.748 0.512

~#7~3E4E . ~ indicates the negation of a set.

A 05 B LS P TR AT, B R AR, %
BB RE A B eI LR 18028 5, I 5

EE SRR RIS 34 (NHI, NH2, NH3).
1) ZAEBRG RSB R RHAS T

(B 152 B R 1, D s — Bk B (A 1 0.80, B 251
HAEAUTE 27D 80% (1R 5 52 191 v e fiff Jee 45 AL s A9k
LR A R W AN — SBOPE He )3 IR (proportional re-
duction in inconsistency, PRI) B {E 1% 4 0.75, BJ 551440
BAEZED T5% BYAIE S o 2 B B A A A fige
JIBF, AR ARL . BRI LR 5, Horh STy
SRR IRIHEA 54 (Hla, Hib, H2, H3. H4),

AT PN 4 S m SR E SR R R
A PEAT, WL T aE TR DT IR TORE, B i 4
S BEUR E A S A (H) . (8 2 R AR (H2).
22 Yyl A B B Y (H3) AR AR S T 9 R
%l (H4).,

BAR 1 Y ELE A (H1). 44 Hla 541
A H1b WA JE X0 B BL T 98 5 22 R 5 BUR S2FE

RS5 ATRGESHEASESERNLRMATHTHEE

Table 5 Configurational pathway analysis of ecological farms with high and non-high performances

SRR TRAS R BTRUR RAHAS
St Configuration for high performance Configuration for non-high performance
Condition variable Hl1 D m 4 NH1 NH2 NH3
Hla Hlb
F AR Land scale o ] ) ]
575 J1%F R Labor resources o (] ) X X
7= imAIE Product certification ) X (] o
HAOF AR Agroecology technology o ] [ ) (] [ ] o ] (]
7=l 4E Industry chain ] [ ) ] X ® X
HYEEUEHE Sales channels ) () ) () () ® ) &
= % F§ Tri-party support . ® ® . ® . ®
-E(: Consistency 0.932 0.924 0.957 0.987 0.913 0.945 0.928 0.916
JE UG 5 Raw coverage 0.129 0.278 0.357 0.402 0.244 0.341 0.372 0.299
ME—7% 3% £ Unique coverage 0.071 0.234 0.108 0.145 0.067 0.039 0.016 0.042
SR —ZE: Overall consistency 0.951 0.928
SR T Overall coverage 0.704 0.692

@ o alitite, Q FRLAMIK, @ FARNGRIATE, @ FARNGRIHHK, 25 HFRRESFTFERT AT E. @ means

core condition presence, ® means core condition absence, @ means peripheral condition presence, ® means peripheral condition absence, blank means the

condition may be present or absent.
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