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Abstract

The increase in energy consumption and carbon emissions has aggravated climate change. Accurately
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estimating carbon emissions and understanding the spatial distribution of carbon emissions are the
basis for energy conservation and emission reduction. Traditional carbon emission estimation only
calculates provincial or regional carbon emissions through statistical data. Due to the lack of statisti-
cal data, it is impossible to estimate carbon emissions at a small spatial scale. In order to better un-
derstand the spatial distribution of carbon emissions at the municipal level, this paper uses NPP-VIIRS
night light data and a spatiotemporal geographic weighted regression model to establish a relation-
ship model between night light and energy consumption carbon emissions, and obtains a spatial dis-
tribution map of energy consumption carbon emissions at the municipal level in Shandong Province.
The results show that the GTWR model estimates energy consumption carbon emissions with high
accuracy and can show the spatial distribution characteristics of carbon emissions in Shandong Prov-
ince. In terms of overall space, carbon emissions in Shandong Province are on the rise, mainly distrib-
uted in the north, south and east; carbon emission hotspots are mainly distributed in Rizhao, Weifang,
Qingdao and Yantai in the east; the distribution center is in Weifang. The research results can provide
support for Shandong Province’s emission reduction policies.
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Figure 1. Carbon emissions and growth rates from 2012 to 2019
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Figure 2. Carbon emissions and growth rates from 2012 to 2019

[& 2. 2012~2019 FEHBUIS ZE R B DT

3.3. RERHEEE4FE

RIERHE R, BT REREENT 6000 J3MNRHERL 6000~9000 730N HER. 9000~12000 /3 M
e, KT 12000 J5mYEHER(E 3). 2012 E~2019 FTH iR HEBUS AR AR A K, BAKI S, 2012
2016 &, mHBUHX N Fres ImT EEYATE S; 2017 4, WAEMEICoyEHEBOh X Bk
HEROHLIX, 78 2012 4E~2016 £E: FFAMHE; 2017 FE~2019 £y FFMEE, THRX, b

DOI: 10.12677/ag.2025.154057 582 HOBRBL 2RI


https://doi.org/10.12677/ag.2025.154057

PR, R

Ko 2012 FEA 2013 SEQUCHTEM . ARE . FEAEE; 2014 4, BRSO PHEBONIX; % 2017 S48
BRI, AR HEBO0IX 2017 5~2019 48, PO, T EMAGAE LR PE AL,
DreE i e ARHEBON B ERD, BTa LA AR b .

2012 2013 2014 2015

]

2016 2017 2018 2019

Ee -

6000 9000 12000 >12000 10%t/km?

400 K A
N

Figure 3. Spatial distribution of carbon emissions at the city level in Shandong Province from 2012 to 2019
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Figure 4. Distribution of carbon emission hotspots from 2012 to 2019
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Figure 5. Standard deviation ellipse and center of gravity migration from 2012 to 2019
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