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Abstract: The enhancement of the synergistic state of the economy-energy-carbon emission (EEC) system in
urban agglomerations exhibits significant causal complexity, and the net effects of single factors under traditional
regression frameworks fail to capture the driving logic of multiple concurrent conditions. Taking panel data of 13 cities
in the Beijing-Tianjin-Hebei urban agglomeration from 2010 to 2024 as the research sample, this study employs the
coupling coordination degree as a proxy measure of the synergistic state, integrates Necessary Condition Analysis

(NCA) with dynamic fuzzy-set Qualitative Comparative Analysis (fsSQCA), and selects six antecedent conditions,
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namely economic scale, industrial structure, energy structure, energy efficiency, clean technology and carbon efficiency,
from the scale-structure-efficiency framework to identify the conditional configurations leading to high and non-high
synergistic states as well as their temporal evolution. The results show that: no single condition constitutes a strictly
necessary condition for synergistic state enhancement, but economic scale, industrial structure, energy structure and
clean technology exhibit necessity characteristics with large effect sizes, and the bottleneck levels of all conditions rise
in a stepwise manner as the synergy target increases; two equivalent paths exist for high synergistic states, namely
multi-dimensional composite driving and scale-technology compensating driving, whereas non-high synergistic states
are locked in by two paths featuring the joint absence of endowments and the imbalance of efficiency, revealing
significant causal asymmetry between the two types of outcomes; the configurations are temporally robust, and the
action intensity of conditions evolves in three patterns, namely continuous strengthening, continuous decay and
inverted-U fluctuation. The findings provide configurational evidence for differentiated low-carbon synergistic
governance of urban agglomerations.
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Figure 1 Analytical Framework
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Figure 2 Between-Group Consistency Trajectories of Key Condition-Outcome Combinations (2010—2024)
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Figure 3 Annual Trajectories of Between-Group Consistency of Configurational Paths (2010—2024)
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