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Figure 1 Human-earth coupling and its differentiation of agricultural areal system
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Figure 2 The multifactorial threat of climate change to agricultural areal systems
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Figure 3 The interactions between climate and other elements within agricultural areal system
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Figure 4 The primary challenges of climate change across multiple scales
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Climate change has remarkably affected Earth’s systems, driving transformations in global human-earth relationships. The
rise in global mean temperature, coupled with more frequent extreme events, presents unprecedented both challenges and
opportunities for agricultural production. Amid escalating geopolitical risks, climate change has intensified its effects on
agricultural sectors and socioeconomic systems worldwide. By altering agricultural environments and spatial patterns,
climate change has transformed regional agricultural systems, making it a critical issue for human-earth systems and
sustainable development. Previous studies have provided valuable insights and suggestions regarding the diverse potential
threats posed by climate change. Addressing these risks to agricultural systems requires the development of comprehensive
and adaptive strategies for different regions, scales, and stages. Modern human-earth relationship theory and human-earth
system frameworks provide innovative perspectives for optimizing and adapting agricultural production. As a unique
human-earth system, the agricultural areal system serves as a comprehensive framework for understanding climate-
resilient agricultural transformation. Climate-resilient agricultural transformations require a deeper understanding of the
interactions between agriculture and climate change, particularly in terms of regional patterns and variations. This can be
considered as a multi-objective process and systematic engineering approach. Here, based on an understanding of the
agricultural areal system and its differentiation processes, this study aimed to synthesize existing research to advance the
conceptual understanding of climate-resilient agricultural transformation.

The effects of climate change on agricultural areal systems can be analyzed from three perspectives: multiple element
comprehensiveness, multiple scale differentiation, and multiple process dynamics. In addition to the direct threats to
traditional agriculture, forestry, livestock, and fisheries, existing research indicates that climate change indirectly affects
the agricultural sector through pests, soil degradation, crop patterns, and changes in irrigation practices. Spatially, the
effects of climate change manifest differences at global, regional, and local scales. For instance, climate change poses
varying degrees of threat to global food supply, regional equity, agricultural resource allocation, production layouts, local
farmer livelihoods, and wealth disparities. Additionally, the immediate risks posed by short-term climate shocks and
foreseeable threats associated with long-term climate trends will become key considerations for the transformation of
agricultural systems.

The agricultural sector must promptly adapt and implement mitigation measures in the face of systemic climate risks.
However, adaptation strategies often include diverse objectives and may lead to unintended consequences due to
interactions among system elements. In conclusion, climate-resilient agricultural transformations should integrate regional
climate patterns and geographical differences to ensure their effectiveness. Optimizing agricultural climate resource
allocation requires consideration of variations in elements, structures, and functions within agricultural areal systems.
Simultaneously, addressing the scale effects of climate risk requires fostering global cooperation, formulating regional
strategies, and promoting local participation. Furthermore, considering both imminent climate threats and foreseeable long-
term trends, developing corresponding short-term measures and long-term plans remains crucial.

Future research should deepen the understanding of regional agricultural systems and explore the patterns and
mechanisms governing climate-agriculture-society-economy interactions. Additionally, comprehensive risk assessments
and the development of preventive, protective, and engineering measures are required. Notably, adaptive agricultural
transformations should focus on innovative farming practices and establish pathways for transitioning to climate-smart
agricultural systems. By leveraging technological advancements and fostering multiscale collaboration, the agricultural
sector can enhance its resilience and contribute to global sustainability goals amid escalating climate change challenges. To
address both the immediate risks and foreseeable challenges posed by climate change, it is imperative to develop regionally
tailored, categorically prioritized, and incrementally implemented climate-smart agricultural transformation strategies.

climate change, agricultural areal system, human-earth system coupling, climate adaption, agricultural
transformation
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