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Table 1 Definition of core variables, their respective circuits, and primary rationale for studying the vulnerability of the ecological

agricultural product industry chain
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Fig. 1 The positive feedback-driven mechanism for sustained growth of the ecological agricultural product industry system
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Fig. 2 Limits to growth archetype of scale expansion of vulnerability in the ecological agricultural product industry chain
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Fig. 3 Limits to growth archetype of quality improvement of the vulnerability in the ecological agricultural product industry chain
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Vulnerability of the Ecological Agricultural Product Industry

Chain under Digital Technology Empowerment: Archetype
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Abstract: [Objective] The ecological agricultural product industry chain is subject to deep-seated vulnerabilities during scale expan-

sion, quality improvement, and premium growth, yet its structural roots remain inadequately understood. Although digital technolo-

gies are expected to relieve these vulnerabilities, recent evidence suggests that digitalization may also induce new suppression loops,
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resulting in smallholder exclusion, profit squeeze, and homogenized competition. Existing studies have largely addressed this subject
from isolated perspectives such as brand governance, industrial chain resilience, or policy evaluation, without offering a systematic di-
agnosis of the evolutionary mechanism of vulnerability. The aim of this study is to identify the operational logic of growth ceiling ar-
chetypes under digital empowerment, exploring how digital technologies interact with feedback structures, and proposing resilience
governance strategies that move beyond "technological fixes". [Methods] The Limits to Growth archetype was employed as the analyt-
ical framework. Variable selection followed a three-stage procedure integrating theoretical deduction, bibliometric analysis, and case
validation. First, constraining factors were identified across multiple dimensions, including natural resource endowment, ecological
carrying capacity, market saturation, and trust thresholds, grounded on the theoretical proposition that growth processes endogenously
activate restraining forces. Second, a systematic literature search was conducted using search terms such as ecological agriculture, ag-
ricultural product industry chain, and system dynamics. Candidate variables that appeared with high frequency in relevant empirical
studies were screened, yielding an initial pool of over 20 variables. Third, field investigations of typical cases such as Gannan navel or-
ange, Wuchang rice, and Hengzhou digital jasmine were performed to test, consolidate, and refine the initial pool, ultimately produc-
ing 14 core variables. Causal linkages among these variables were established upon three forms of evidence, namely theoretical logic
derived from established economic principles, literature evidence drawn from prior empirical findings, and case facts observed during
field investigations. Loop polarities were determined by the parity of negative causal chains, where even numbers indicate reinforcing
loops (R) and odd numbers indicating balancing loops (B). On this basis, and in combination with field data from the typical cases,
four reinforcing loops that drive growth and seven balancing loops that constrain growth were identified. The moderating effects of
three categories of digital tools, namely digital agricultural technology platforms, quality traceability systems, and e-commerce plat-
forms, on these loops were then separately assessed. [Results and Discussions] The results indicated that the sustained growth of the
ecological agricultural product industry chain was underpinned by four positive feedback loops: the scale-income loop, the quality-de-
mand loop, the premium-income loop, and the quality-reputation loop. At the same time, however, the growth process activated seven
negative feedback loops that imposed constraints from multiple directions, including cost erosion, quality dispersion, market satura-
tion, homogenized competition, low-price substitute diversion, trust erosion, and reputation damage—thus locking the system into
three types of Limits to Growth dilemmas relating to scale expansion, quality improvement, and premium growth. Digital technology
empowerment enhanced the operational efficiency of the industrial chain by reinforcing the positive loops and weakening the negative
ones, yet it failed to remove the structural roots of the growth ceiling. More importantly, digitalization unexpectedly triggered three
new suppression loops, namely the smallholder exclusion loop, driven by digital and certification barriers, illustrated by the Hengzhou
digital jasmine case where elderly flower farmers were marginalized due to the digital divide; the profit squeeze loop, driven by plat-
form cost transference, as shown in the Shanghai Hema village cooperative case, where high equipment costs and loss rates eroded
profit margins; and the homogenized competition loop, driven by standardization orientation, as evidenced in the Gannan navel orange
case where farmers abandoned flavor-differentiated production practices to comply with platform specifications. These three loops re-
spectively weakened the operational foundations of the scale-income, premium-income, and quality-reputation loops, thereby shifting
the locus of vulnerability from traditional constraints to digitally-induced risks. These findings revealed a dual effect of digital technol-
ogy empowerment, as mitigating certain existing constraints, digital technologies may simultaneously generate new vulnerabilities
through digital divides, cost transference, and standardization pressures. The essential task for resilience governance, therefore, lay in
identifying and intervening in the dominant balancing loops that constrains growth, rather than relying exclusively on technological in-
puts. [Conclusions| First, the three limits to growth archetypes, namely scale expansion, quality improvement, and premium growth,
constitute the shared structural roots of vulnerability in the ecological agricultural product industry chain. Second, digital technology
empowerment cannot eradicate these structural roots and may give rise to new vulnerabilities. Third, enhancing industrial chain re-
silience should be grounded in leverage point interventions derived from the system's feedback structure. Corresponding governance
strategies for the three types of newly identified risks, namely smallholder exclusion, profit squeeze, and homogenized competition,
should include lowering technological entry barriers, establishing benefit-sharing mechanisms, and strengthening differentiated certi-
fication and geographical indication protection. Overall, this study provides a system dynamics-based analytical tool and policy le-
verage points for resilience governance of the ecological agricultural product industry chain in the context of digital technology em-
powerment.
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