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Research on the Spatial Correlation Network and Influencing Factors
of Marine Economic Efficiency Under Carbon Emission Constraints

REN Xianling, WANG Yiqian
(School of Economics, Ocean University of China, Qingdao 266075, China )

Abstract: With the advancement of the “dual carbon” goals, the marine economy, as a vital pillar of
national economic development, urgently requires exploration of low-carbon transition and collaborative
carbon reduction pathways. This study employs a super-efficiency SBM-GML model incorporating undesirable
outputs to measure marine economic efficiency under carbon emission constraints. It introduces a modified
gravity model and social network analysis ( SNA ) to analyze the structural characteristics of the spatial
correlation network of marine economic efficiency under these constraints. Additionally, quadratic assignment

procedure ( QAP ) is used to empirically examine the driving factors of the network. The findings reveal
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that: (1) Marine economic efficiency overall exhibits a fluctuating trend of “rising fluctuation—adjustment—
stabilization,” with significant regional divergence. Provinces like Jiangsu and Zhejiang maintain leading
efficiency, while regions such as Hebei and Guangxi are trapped in a “low-efficiency lock-in.” (2) The
density of the spatial correlation network increased from 0.209 to 0.291, while the network hierarchy decreased
by 67.3% . The network structure transitioned from a “core-periphery”’ pattern to a “multi-center mesh”

pattern. Core nodes like Jiangsu and Zhejiang dominate the network, while northern provinces such as
Liaoning and Shandong gradually ascended to secondary hubs. (3 ) Functional differentiation among blocks is
significant: the Yangtze River Delta region acts as a “net beneficiary block,” and the Bohai Rim region serves
as a “bidirectional spillover block.” Internal connections within blocks are strong, but cross-block synergy remains weak.

(4) The formation of the spatial correlation network is primarily influenced by geographical proximity,

differences in environmental regulation intensity, and disparities in scientific research capability. This research

provides a basis for optimizing low-carbon collaborative development pathways for the marine economy and offers

policy insights for achieving balanced regional development and deep integration with the “dual carbon” goals.
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Fig.1 Evolution of the development level of marine economic efficiency under carbon emission constraints
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Fig.2 Change rate and decomposition results of marine economic efficiency under carbon emission constraints
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Table 2 Individual structural characteristics of the spatial correlation network for marine economic

efficiency under carbon emission constraints
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