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Abstract

Urban connection intensity within an urban agglomeration is a core indicator for measuring the de-
gree of regional integration. This study takes 49 county-level administrative units in the Central Yun-
nan Urban Agglomeration as research objects, constructs a three-dimensional comprehensive de-
velopment quality evaluation system covering economic, social, and rural dimensions, and employs
the Entropy Weight-TOPSIS method to measure comprehensive development quality. The shortest
road and railway distances between county pairs are extracted via ArcMap network analysis and
integrated into a comprehensive distance using a weighted average with weights inversely propor-
tional to per-unit transport costs. A population mobility coefficient is further introduced to modify
the traditional gravity model, enabling a systematic measurement of urban connection intensity.
The results show that: (1) comprehensive development quality exhibits a significant “core-periph-
ery” spatial pattern, with Kunming’s municipal districts far outperforming other counties; (2) after
incorporating the population mobility coefficient, Chenggong District’s gravity ranking rises while
outflow cities such as Xuanwei decline, effectively correcting traditional model bias; and (3) the con-
nection intensity presents a pattern of “extremely strong core, relatively weak multiple cores, and
fragmented periphery”, with strong connections concentrated in and around Kunming’s municipal
districts, while most inter-county linkages remain weak. The study reveals that Kunming’s attrac-
tion of factors from surrounding areas far exceeds its industrial driving effect on them, and the re-
gional spatial structure is characterized by “central polarization and peripheral dependence”. In-
sufficient transport infrastructure is identified as a critical bottleneck. These findings provide
data-driven policy references for coordinated development of the Central Yunnan Urban Agglomera-
tion and similar regions.
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Figure 1. Location map of the study area
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Table 1. Quality indicator system for urban development in the Central Yunnan Urban Agglomeration
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Figure 2. Research flowchart
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Figure 3. Scores of overall development quality for cities in the Central Yunnan Urban Agglomeration
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Figure 4. Gravity scores of cities in the Central Yunnan Urban Agglomeration
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Figure 5. Visualization of the urban connection intensity in the Central Yunnan Urban Agglomeration
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