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Abstract

As a social-ecological coupled system, coastal zone human-land system resilience evolution is criti-
cal for sustainable development. This study examines 34 coastal counties in Shandong Province
(2005~2022), constructing an evaluation framework across “human”, “land” and “human-land con-
flict” dimensions using variable fuzzy recognition and obstacle degree models. Results show: 1)
Temporally, resilience exhibited fluctuating growth with accelerated improvement post-2015. Spa-
tially, high-resilience areas concentrated in Qingdao’s core, while Yantai and Weihai counties lagged
due to environmental carrying capacity and policy constraints, forming an “east-high-west-low,
south-fast-north-slow” gradient. 2) Obstacle degree analysis reveals system-level barriers in as-
cending order: “human > human-land conflict > land”. Dominant factors shifted from storm surge
frequency (2005~2015) to domestic waste treatment rate (2020~2022), with port cargo through-
put remaining a key constraint. This research provides theoretical support for coastal governance
optimization and ecological-economic balance, enriching micro-scale empirical studies on human-
land system resilience.
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Figure 1. Distribution map of coastal counties and districts in Shandong province
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Table 1. Evaluation grade table of resilience level of coastal zone human-land system
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Table 2. Evaluation index system of coastal zone human-land system resilience
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Figure 2. Kernel density estimation (Left) and box plot (Right) of coastal zone human-land system resilience in coastal areas
of Shandong province from 2005 to 2022
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Figure 3. Clustered bar chart of coastal zone human-land system resilience in coastal areas of Shandong province
from 2005 to 2022
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Figure 4. Temporal and spatial evolution of human-land system resilience grades in coastal counties and districts of Shandong
province
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Figure 5. Change process of obstacle degree at the system level from 2005 to 2022
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Figure 6. Spatial pattern of obstacle degree at the criterion level in coastal counties and districts of Shandong province from
2005 to 2022
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Table 3. Summary of ranking of obstacle factors for human-land system resilience
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