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Abstract: [Significance] Digital agriculture is unequivocally the core driving force for modern agricultural transformation, fundamental-
ly aiming to achieve full-process digital mapping and intelligent management of production through the deep integration of advanced
information technologies such as the Internet of Things, big data, artificial intelligence (Al), and remote sensing, with earth observa-
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tion (EO) technology serving as the essential data engine providing indispensable spatial information support for this systemic shift.
However, the current landscape of digital agriculture development remains unbalanced, exhibiting a tendency to be "heavy on transac-
tions and light on production", where the core production links suffer from low digitalization penetration rates; furthermore, the pro-
found knowledge embedded within the vast corpus of EO data has yet to be fully extracted and interpreted, leading to a situation
where many established algorithms demonstrate insufficient robustness and universality when confronted with the complexity and di-
versity of global cropping systems, thereby limiting their practical efficacy. Crucially, an over-reliance on technology to optimize pro-
duction efficiency alone, without ecological guidance, can induce secondary environmental risks, such as exacerbating regional
groundwater depletion or contributing to a decline in biodiversity through agricultural landscape simplification, thus necessitating an
approach that promotes the deep coupling of EO technology with agronomic principles and local ecological practices to construct a re-
silient smart agricultural system that achieves a holistic balance between productivity, resource efficiency, and ecological integrity.
[Progress] The current research frontiers of EO-driven digital agriculture primarily converge on three critical domains: intelligent crop
condition monitoring, digital twin farming systems, and the enhancement of agricultural system resilience. Intelligent monitoring uti-
lizes the fusion of high-resolution remote sensing imagery and machine learning frameworks to enable large-scale, comprehensive
crop mapping and the fine-grained identification of crop types at the field scale, with next-generation yield prediction models integrat-
ing advanced deep learning techniques to significantly improve accuracy, while remote sensing is also effectively employed for agri-
cultural disaster monitoring. The digital twin farming system represents an advanced stage of precision agriculture, centered on digital-
ly modeling all agricultural production elements to construct a highly consistent virtual replica of the physical environment, operating
through a real-time closed-loop mechanism of perception, simulation and analysis, and decision-making support to guide optimal inter-
ventions; successful applications include intelligent water resource scheduling in Chinese irrigation districts and the use of Al vision
algorithms to manage complex biological processes like crab farming, although the field must overcome the issue of "pseudo-twins"
that focuses on mere visualization rather than driving concrete operational decisions. The focus on agricultural system resilience is
supported by digital agriculture providing crucial spatial data on global crop yields, cultivated land distribution, and practices like ter-
racing. To illustrate the practical efficacy of these technologies, this paper analyzes two representative application cases. First, the
CropWatch system represents a paradigm shift in agricultural monitoring by constructing a "Cloud-Edge" collaborative ecosystem. It
integrates machine learning with a "Pre-training, Prompting, and Fine-tuning" large language model (LLM) framework to automate re-
mote sensing-based crop monitoring, report generation and enhance decision-support intelligence. Through open application program-
ming interfaces (APIs) and multi-scale capabilities, CropWatch provides cross-scale information and decision support from macro-lev-
el policy support to micro-level farm management, serving as a global public good that bridges the digital divide in developing na-
tions. Second, in the domain of agricultural water management, the ETWatch technical system demonstrates a robust solution for the
precise governance of water resources. By achieving high-resolution evapotranspiration (ET) monitoring from basin to field scales, it
enables the accurate assessment of water productivity and the optimization of irrigation schedules. Crucially, this technology is suc-
cessfully embedded into institutional mechanisms, such as water rights allocation and tiered pricing based on actual consumption,
thereby realizing a transformation from empirical water use to data-driven, precise regulation. [Conclusions and Prospects] In sum, digi-
tal (smart) agriculture is rapidly transcending its role as a mere extension of agricultural informatization to become the "new-quality
productivity" driving high-quality agricultural development, achieving this by fundamentally restructuring production factors, enhanc-
ing resource efficiency, strengthening risk response capabilities, and promoting value chain upgrading, thereby offering critical mo-
mentum for constructing a more efficient, greener, and sustainable modern agricultural system. Given China's pronounced global ad-
vantages in the digital economy, information technology, remote sensing, and intelligent equipment, the nation is well-positioned to in-
tegrate these strengths to construct comprehensive, full-chain smart agricultural solutions whose mature systemic models and business
paradigms can ultimately form a "China Card" in the global agricultural revolution, contributing Chinese wisdom and solutions to-
wards the realization of global food security and the zero-hunger goal.
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