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Temporal and Spatial Evolution Characteristics and Influencing Factors of
Regional Carbon Emission in Qingdao City During 2000—2020

Shan Mengwen, Li Ting, Wang Yingran, Ji Min
(College of Geodesy and Geomatics s Shandong University of Science and Technology , Qingdao, Shandong 266590, China)

Abstract: [ Objective] The temporal and spatial evolution and influencing factors of regional carbon emission
in Qingdao City, Shandong Province were analyzed in order to provide a theoretical basis for promoting low-
carbon development and carbon emission reduction. [ Methods] Based on land use data, nighttime light data,
and social and economic data of Qingdao City from 2000 to 2020, carbon emissions from land use were
calculated. By constructing a fitting model between carbon emissions and nighttime light values, the spatial
distribution difference and trend of carbon emissions of different land use types in Qingdao City were
revealed. The decoupling status between carbon emissions and economic development in Qingdao City was
analyzed using the Tapio decoupling model. The contribution degree of various influencing factors of land use
carbon emissions was analyzed by using Kaya decomposition and LMDI models. [ Results ] @ The net carbon
emissions from land use in Qingdao City generally showed an increasing trend from 2000 to 2020 (from 1.31
X107 t in 2000 to 3.65X 10" t in 2020) , amounting to an increase of nearly 1.79 times; @ The overall carbon
emissions in Qingdao City presented a spatial distribution pattern of “higher in the middle and lower in the
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surrounding areas”. Industrial energy consumption was the main source of carbon emissions from
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construction land, with high carbon emission areas mainly concentrated in the Jiaozhou Bay area; @ The

relationship between economic development and carbon emissions in Qingdao City had undergone a transition

“ 3

from “expanding connections” to “weak decoupling” to “strong decoupling”; @ The factors that promoted
growth of carbon emissions in Qingdao City were population size and economic effect, and the factors that
inhibited growth of carbon emissions in Qingdao City were energy structure and energy intensity.
[ Conclusion ] In the future, it will be necessary to further adjust the industrial structure, accelerate the

development of a low-carbon economy, and reduce carbon emissions from sources through measures such as

technological innovation and energy structure adjustment.

Keywords: carbon emissions; spatiotemporal evolution; decoupling analysis; Qingdao City
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Table 2 Carbon emission coefficient and data sources of agricultural production activities

Al A= 773 B AR R UL C D) B4 ke YR

& e 0.895 6 kg/kg 3 [ I [ 5K 5256 % (ORNL)

Al 5 0.592 7 kg/kg B ) S A AR A& 1128 5 £ (IPCO)

B 312.60 kg/km” RO R F Y S B R =B

HE W 266.48 kg/hm? P A g A ten)

V] 4.934 1 kg/kg 3 [E AR A 4 [ 5 52 56 = (ORNL)

g 5.180 0 kg/kg T BRI K A B R 5 A 2SR B0 5T fif (IREEA)

R3 BREHBRAMRHY

Table 3 Carbon emission coefficient of energy consumption
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Fig.1 Trends in carbon emission total for cultivated
land in Qingdao City during 2000—2020
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Fig.2 Trends in carbon emissions for construction land across
different regions in Qingdao City during 2000—2020
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Table 5 Measurement results of local carbon emissions in Qingdao City during 2000—2020 10" t
FE 0y A Bt s, M Fi K38 AR F 7303 -3 et HE R
2000 1 257.95 57.51 4.439 0.205 1.174 0.002 1 315.46 5.82 1 309.64
2005 2 546.44 63.04 4.421 0.200 1.289 0.002 2 609.48 5.91 2 603.57
2010 4 009.84 59.86 3.652 0.070 1.812 0.001 4 069.70 5.54 4 064.16
2015 3 550.46 55.89 3.651 0.070 1.800 0.001 3 606.35 5.52 3 600.83
2018 3 740.69 52.32 3.749 0.086 1.741 0.001 3793.01 5.58 3 787.43
2020 3 604.21 49.60 3.650 0.070 1.894 0.001 3 653.81 5.61 3 648.20
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Fig.3 Spatial distribution diagram of carbon emission in industrial and mining land in Qingdao City during 2000—2020
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Fig.4 Spatial distribution diagram of carbon emissions in commercial and residential land
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Table 6 Flexible index values of decoupling between
economic growth and carbon emissions in
Qingdao City during 2000—2020
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Table 7 Decomposition results of carbon emission factors in

At Bt %AC % AGDP e A
2000—2005 4F 0.99 1.18 0.84 K i
2005—2010 4 0.56 1.08 0.52 55 i 44
2010—2015 4F  —0.11 0.62 —0.18 3 P 4
2015—2020 4 —0.04 0.43 —0.28 R P 42

land use in Qingdao City during 2000—2020 10" t
AP AG AA AT AC
2000—2005 4 279.12  1186.75 —298.33  126.40  1293.93
2005—2010 4 201.62  2194.70 —135.60 —800.13  1460.59
2010—2015 4 308.27  1534.15 —2433.96  128.21 —463.33
2015—2020 4 244.68  1057.20 —1466.69  212.18 47.37
ZHTHE  44.20%  255.40%—185.35% —14.25%  100%
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