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Fig. 1 Theoretical analysis framework for the resilience of the

agricultural economy driven by digital technology
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Table 1 Statistical descriptions and calibration results of the outcome variable and antecedent variables of agricultural
economic resilience
Gritvediiig i
— _ _ GEiTPE IR _ L’EP
YN R/ME HfH brif 2 FERAS)E AL staskm
iR Res_agr 7.369 2 -8.836 5 0.000 4 1.3293 -0.510 -0.152 0.497
T A8 Env_dt 0.973 6 0.1112 0.384 6 0.1709 0.255 0.373 0.489
Inv_dt 0.987 4 0.111 6 0.3919 0.2430 0.184 0.324 0.565
Inf dt 0.882 8 0.126 6 0.389 0 0.176 4 0.249 0.345 0.496
Pro_dt 0.999 2 0.111 4 0.3137 0.2341 0.249 0.345 0.496
Ope_dt 1.127 4 -0.709 5 04123 0.273 4 0.174 0.360 0.580
Cir_dt 0.9917 0.111 8 0.3923 0.1956 0.242 0.364 0.493
Liv_dt 0.983 5 0.116 6 0.478 7 0.176 4 0.325 0.455 0.595
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Table 2 Necessity analysis results of antecedent variables for agricultural economic resilience

o Res_agr ~ Res_agr
I L T N T U e
Env_dt 0.533 0.538 0.527 0.339 0.546 0.535 0.430 0.259
~ Env_dt 0.539 0.551 0.506 0.362 0.528 0.523 0.422 0.265
Inv_dt 0.547 0.572 0.217 0.391 0.511 0.518 0.358 0.414
~Inv_dt 0.538 0.532 0.205 0.374 0.577 0.552 0.309 0.362
Inf dt 0.535 0.557 0.679 0.385 0.533 0.538 0.663 0.414
~ Inf_dt 0.556 0.551 0.687 0.339 0.561 0.539 0.691 0.362
Pro_dt 0.493 0.519 0.221 0.610 0.547 0.558 0.221 0.535
~ Pro_dt 0.580 0.570 0.197 0.541 0.528 0.502 0.253 0.506
Ope_dt 0.542 0.555 0.197 0.374 0.535 0.531 0.165 0.357
~ Ope_dt 0.542 0.546 0.253 0.368 0.551 0.538 0.209 0.345
Cir_dt 0.482 0.495 0.346 0.610 0.590 0.588 0.193 0.621
~Cir_dt 0.598 0.601 0.285 0.592 0.492 0.479 0.201 0.627
Liv_dt 0.491 0.495 0.647 0.518 0.605 0.591 0.402 0.541
~ Liv_dt 0.594 0.608 0.490 0.506 0.482 0.479 0.466 0.610

F3 RUEFHEMEATSHNHD -BERAEERKT02HERASER
Table 3 Causal combinations with an inter-group consistency adjustment distance of antecedent variables for agricultural economic re-

silience greater than 0.2

RERZH G 1 eIy 2011 2012 2013 2014 2015 2016 2017 2018 2019 2020 2021 2022 2023
001 Env dt/Res agr 41 —H(ME 0346 0.153 0.194 0414 0725 0.797 0.699 0.564 0.800 0913 0.824 0.394 0.230
G 0402 0470 0.536 0.691 0.523 0.572 0.510 0.522 0.565 0.577 0.491 0.595 0.510

L2 ~Env_dt/Res agr 41 —HPE 0.680 0.893 0.848 0.693 0351 0245 0410 0501 0291 0.197 0259 0.734 0.788
G 0527 0588 0.514 0537 0325 0550 0.567 0.625 0.509 0.677 0.438 0.608 0.647

L3 Inv dt/Res agr 41 —FPE 0476 0420 0466 0350 0.542 0.449 0.630 0592 0.648 0.608 0.521 0.660 0.723
A 0422 0569 0.650 0.643 0.737 0.632 0.616 0.572 0.590 0.549 0.404 0.546 0.648

L4 ~Inv dt/Res agr 41 —HPE 0582 0.633 0.641 0732 0.550 0.586 0.529 0.509 0.461 0.505 0.548 0.460 0.304
HEEEE 0567 0571 0495 0544 0318 0519 0494 0599 0.520 0.658 0.557 0.695 0.552

L5 Inf dyRes agr 41 —HME 0217 0358 0.145 0.146 0223 0273 0453 0556 0.765 0.720 0.993 0.996 0.997
HEHEE 0426 0542 0765 0.674 0.731 0.629 0.606 0.556 0.613 0.562 0.442 0.537 0.601

TH0L6  ~Inf dU/Res agr 41 —FHPE 0.898 0.851 0939 0910 0.840 0.759 0.762 0.555 0395 0.403 0.021 0.012 0.006
MMEEE 0547 0719 0515 0.544 0.388 0.539 0.565 0.628 0.536 0.679 0.837 0.882 0.545

L7 Pro_dt/Res agr 4l —FME 0513 0511 0549 0489 0579 0366 0400 0412 0367 0391 0504 0.639 0.677
MMEEE 0458 0551 0531 0.528 0451 0411 0391 0525 0.624 0.596 0.528 0.572 0.605

%08  ~Ope dt/Res agr ZHIA—FPE  0.69 0.676 0.695 0.568 0.659 0.451 0.460 0.355 0.481 0.578 0.601 0.627 0.293
HAEFRE 0511 0.633 0557 0.564 0.545 0.585 0.570 0.459 0.526 0.583 0.459 0.647 0.433

%09 Cir dt/Res agr  ZHIA—FPE  0.844 0.650 0.654 0.481 0510 0.369 0303 0319 0329 0405 0.416 0.500 0.505
HINBEZEE 0524 0558 0.505 0.473 0.446 0450 0382 0.456 0412 0.544 0395 0.563 0.645

F§H10  ~Cir_dt/Res agr ZHF—F(PE 0237 0440 0458 0.621 0.578 0.665 0.795 0.753 0.809 0.685 0.646 0.575 0.512
HNBEEE 0437 0.646 0.638 0.712 0437 0.651 0.611 0636 0.681 0.606 0.530 0.586 0.578

¥ 11  Liv_dt/Res agr ZHEI—FPE 0121 0.138 0260 0.110 0274 0273 0.548 0.760 0.662 0.688 0.811 0.804 0.853
HAERE 0374 0431 0545 0263 0255 0305 0456 0.613 0.479 0.540 0489 0.567 0.677

5812 ~Liv_dt/Res agr ZHFA—FPE 0933 0917 0.841 0953 0.772 0.761 0.581 0328 0.480 0.455 0316 0315 0.164
HAEFRE 0510 0.602 0.548 0.647 0.553 0.805 0.650 0.509 0.796 0.758 0.513 0.698 0.402
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Fig. 2 Scatter plot of necessary condition test of antecedent variables for agricultural economic resilience
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Table 4 High agricultural economic resilience configuration
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Fig. 3 The inter-group consistency levels of conditional config-

urations for agricultural economic resilience
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urations for agricultural economic resilience
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tions for agricultural economic resilience
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Multiple Pathways of Digital Technology Driving the
Enhancement of Agricultural Economic Resilience
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Abstract: [Objective] Enhancing agricultural economic resilience is critical for ensuring national food security, advancing agricultural
modernization, and responding to increasingly complex external shocks. Against the backdrop of rapid digital economy development,
digital technologies are progressively becoming a key driver of agricultural economic resilience by reshaping production patterns, opti-
mizing resource allocation, and strengthening risk-response capacity. However, existing studies are predominantly grounded in linear
analytical frameworks, which are insufficient to capture the complex mechanisms of multi-dimensional factor interactions, and they
pay limited attention to spatiotemporal heterogeneity. In this context, a configurational perspective is adopted to systematically exam-
ine how agricultural economic resilience is enhanced through the synergistic interaction of multiple factors by digital technologies.
The aim is to provide a more comprehensive theoretical basis for formulating differentiated digital agriculture development policies.
[Methods] Based on the technology-organization-environment (TOE) framework, an analytical model was constructed for digital tech-
nology-driven agricultural economic resilience. Using provincial panel data from China spanning 2011 to 2023, a dynamic qualitative
comparative analysis (QCA) approach was employed to identify multiple configurational pathways linking combinations of conditions
to agricultural economic resilience. Specifically, necessity analysis was first conducted to examine whether any single antecedent con-
dition was a necessary condition for the outcome. Second, configurational analysis was used to identify multiple equifinal pathways
through which different combinations of conditions generate high agricultural economic resilience. Third, between-group and within-
group analyses were further conducted to examine the temporal evolution and spatial heterogeneity of these configurational pathways.
In addition, robustness tests were performed by adjusting the original consistency threshold, frequency threshold, and the threshold of
proportional reduction in inconsistency to validate the stability of the identified configurations. [Results and Discussions] (1) A single
digital technology factor was not a necessary condition for achieving high agricultural economic resilience. Instead, resilience im-
provement depended on the coordinated configuration of multiple dimensions, exhibiting a typical "multiple concurrent causality"
characteristic. (2) Five effective configurational pathways were identified for enhancing agricultural economic resilience through digi-
tal technologies. These pathways were further summarized into three typologies: policy-market dual-driven type, production-chain en-
abling type, and synergistic driving type, reflecting the equifinality of different condition combinations. (3) The configurational path-
ways exhibited pronounced spatiotemporal heterogeneity. Temporally, the effects of certain pathways evolved dynamically with the
deepening penetration of digital technologies. Spatially, due to differences in resource endowments, Eastern, Central, and Western re-
gions, as well as different grain functional zones, corresponded to distinct dominant pathways. In terms of regional heterogeneity, pro-
duction-chain enabling and synergistic driving pathways were mainly concentrated in Western and Eastern regions. In terms of grain
functional zoning, the policy-market dual-driven pathway was primarily observed in major grain-producing and balanced production-
marketing areas, while production-chain enabling and synergistic driving pathways were more prevalent in major marketing and bal-
anced production-marketing regions. [Conclusions] The results demonstrate that there is no single optimal pathway for enhancing agri-
cultural economic resilience; rather, it fundamentally depends on the effective synergistic configuration of multiple factors under spe-
cific contexts. As a core driving force, digital technology must be aligned with institutional environments, organizational capabilities,
and resource endowments to fully realize its enabling effects. Meanwhile, regional heterogeneity further shapes the diversity of digital
technology's impact pathways, implying that different regions should adopt development models tailored to their own conditions and
continuously optimize them dynamically. From a configurational perspective, the results reveal the multi-path mechanisms through
which digital technologies enhance agricultural economic resilience, enrich the existing theoretical literature, and provide important
policy implications for implementing differentiated strategies, optimizing digital agriculture development pathways, and strengthening
agricultural system resilience.
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