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Abstract: Dynamically grasping the spatiotemporal evolution characteristics and influencing factors of carbon emissions from residents’
direct energy consumption has important theoretical value and practical significance for establishing a green and low-carbon energy
consumption pattern and promoting carbon emission reduction. This paper analyzes the evolution characteristics of the overall and local
spatial pattern of carbon emissions from Chinese residents’ direct energy consumption by using global spatial autocorrelation, LISA time
paths, and LISA spatiotemporal transition, and explores the influencing factors of carbon emissions with the help of random forest model
based on the direct energy consumption data of Chinese residents and socio-economic data during 2000-2021. The results show that:
(1) Both the total carbon emissions from direct energy consumption of residents and the per capita carbon emissions from direct energy

consumption of residents showed an upward trend, but the growth rate of both declined. (2) Overall, the per capita carbon emissions from
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direct energy consumption have a strong positive spatial correlation, and the spatial correlation has increased, with spatial difference
showing a narrowing trend. The local spatial structure is more stable, and the volatility of the local spatial dependence direction is weaker.
The probability of the per capita carbon emissions from direct energy consumption of residents in provinces and their neighbors did not
change over time is large, and there is a certain path dependence in the spatial pattern. (3) The energy consumption structure has an
inhibitory effect on the growth of per capita carbon emissions from direct energy consumption of residents, while the levels of economic
development, urban and rural residents’ consumption, education, and number of patents granted all play a driving role. The population
density and the degree of aging show an inhibiting effect on the growth of carbon emissions within a certain range, but once they exceed
the threshold, they can become driving factors. The energy consumption structure has the greatest impact, with an incremental mean
square error of 58.60%, and the degree of aging has the least impact, with an incremental mean square error of 3.96%. (4) The study shows
that there are some differences in the spatiotemporal evolution and influencing factors of carbon emissions from direct energy
consumption of Chinese residents. It is recommended that all provinces should construct their respective low-carbon development
programs according to local conditions and strengthen inter-regional exchanges carbon emission reduction cooperation. Then, they should
also promote carbon emission reduction of residents’ energy consumption from the comprehensive perspective of energy, population, and
economy, and take a high-quality development path based on their unique endowments.
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Table 2 Total and per capita carbon emissions from direct energy consumption by Chinese residents in 2000, 2010 and 2021
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Fig.1 Time-series changes in total and per capita carbon emissions from direct energy consumption of Chinese residents
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Fig.2 Changes in total and per capita carbon emissions from direct energy consumption of residents by provinces
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Table 3 Global Moran’s I index and Theil index of per capita carbon emissions from direct energy consumption of Chinese residents

A0y Moran's H8%0  Z#$4> PlE Theil#54% Ay Moran's HE%  Z#343 PlH Theil#5%L
2000 0.442 4.032 0.001 0.164 2011 0.453 4.355 0.002 0.117
2001 0.329 2.922 0.003 0.136 2012 0.411 4.064 0.002 0.115
2002 0.441 3.924 0.001 0.167 2013 0.437 3.925 0.002 0.095
2003 0.457 4.105 0.001 0.168 2014 0.474 4.257 0.002 0.092
2004 0.416 3.997 0.001 0.193 2015 0.504 4.458 0.002 0.092
2005 0.455 4.201 0.001 0.131 2016 0.551 4.894 0.001 0.099
2006 0.440 4.167 0.001 0.123 2017 0.466 4.223 0.003 0.096
2007 0.455 4.276 0.002 0.125 2018 0.486 4.326 0.002 0.100
2008 0.497 4.601 0.001 0.118 2019 0.490 4.380 0.002 0.092
2009 0.491 4.544 0.001 0.120 2020 0.536 4.758 0.002 0.089
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Fig.3 Importance ranking of influencing factors
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