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Fig.1 Spatial characteristics of population shrinkage at the county scale
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Fig.2 Spatial characteristics of carbon emission intensity at the county scale
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Spatial differentiation and mechanisms of association of population shrinkage
and carbon emission intensity in Chinese counties

FENG Zhangxian'?, XIE Mingke'", WANG Shijun'?, QI Ao', LONG Wang’, GUAN Haoming"?
(1. School of Geographical Sciences, Northeast Normal University, Changchun 130024, China;
2. Key Laboratory of Geographical Processes and Ecological Security in Changbai Mountains, Ministry of Education,
Changchun 130024, China; 3. School of Economics and Management, Hezhou University, Hezhou 542899, Guangxi, China)

Abstract: The relationship between population shrinkage and carbon emission intensity (CEI) has recently be-
come a prominent research topic. Exploring their intrinsic link is crucial for promoting regional sustainable de-
velopment and achieving carbon reduction goals. This study identified 1218 shrinking counties and measured
their CEI. Spatial analysis was first applied to reveal the spatial patterns and associations between population
shrinkage and CEI. Subsequently, an interpretable Bayesian-optimized XGBoost model was employed to exam-
ine the effects of population shrinkage on CEI, as well as the interactive impacts between shrinkage and various
socioeconomic variables. The results show that: 1) Population shrinkage at the county level in China was general-
ly mild, shrinking counties exhibited relatively low CEI, and both of them displayed significant spatial cluster-
ing. 2) Population shrinkage was significantly and negatively associated with CEI, although the strength of this
relationship varied across regions. 3) In terms of feature importance, shrinkage ranked at a medium level; at the
local scale, high shrinkage was linked to high CEI, while low shrinkage corresponded to low CEI. 4) Mild shrink-
age exerted a positive marginal effect on CEI, whereas moderate to severe shrinkage produced a negative margin-
al effect. 5) The interactions between shrinkage and socioeconomic variables had pronounced nonlinear impacts
on CEIL This study systematically revealed the nonlinear relationship between population shrinkage and carbon
emission intensity, thereby enriching the theoretical understanding of low-carbon development in shrinking re-
gions and providing empirical evidence to support the formulation of differentiated emission reduction strategies
across areas at different stages of shrinkage.

Keywords: population shrinkage; carbon emission intensity; Bayesian-optimized XGBoost; nonlinear relation-

ship; interaction effects
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