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Abstract

Confronted with the dual pressures of global climate change and food security, and in alignment
with China’s strategic focus on green transformation and digital development, there is an urgent
need for innovative solutions to address the inherent conflict between the high-consumption model
of traditional agriculture and the fragility of urban ecosystems. This paper proposes the concept of
an “Intelligent Ecological Integrative System” to explore pathways for the deep integration of envi-
ronmental design, modern agricultural technology, and artificial intelligence, aiming to construct a
resource-efficient, low-carbon, circular, and resilient production-living system. First, the article re-
views the bottlenecks in the independent development of each field and the necessity of synergy. It
systematically constructs a tripartite theoretical model comprising a spatial carrier, biological mod-
ules, and a digital “brain”, elucidating its architecture and operational mechanisms. Second, draw-
ing on domestic and international case studies and empirical data, it analyzes the model’s advantages
in enhancing resource utilization efficiency, strengthening systemic adaptive capacity, and promot-
ing community participation. Finally, it discusses the model’s alignment with national strategies such
as the “Dual Carbon” goals and rural revitalization, proposing corresponding policy recommenda-
tions and implementation prospects. This work offers a novel theoretical framework and practical
insights for advancing the intelligent and productive transformation of human settlement ecologi-
cal environments.
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Figure 1. Structural section and architectural diagram of the rooftop farm
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Figure 2. Schematic diagram of the tripartite synergistic architecture of the intelligent eco-
logical integrative system
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Figure 3. Schematic diagram of the three-element collaborative architecture of the intelligent ecosystem
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Figure 4. Flowchart of the multi-objective envi-
ronmental control algorithm
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Figure 5. Comparative LCC analysis framework: traditional agricultural model vs. intelligent ecological integrative system model
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