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Fig. 1 Impact mechanism of urban carbon emission efficiency based on input and output perspectives
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Tab.1 System of urban carbon emission performance input-output index

Bzt A iy FEE M AREZE RoME SN
B ASEbR [#] 5 e E 1070 42.65 22.50 66.34 12.95 836.24
Mol A 10° X 220.36 183.02 169.70 0.32 1729.55
EWAREE 10*kwh 680.87 366.25 907.31 0.25 8514.69
Wi GDP 10°7% 103.97 71.34 125.46 2.96 1483.55

IR CO.fEjik 10* t 1665.89 896.10  2219.91 0.62 20832.94
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Fig. 3 Urban carbon emission performance box chart of China in 1992-2013
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Fig. 4 Spatial distribution pattern of urban carbon emission performance of China in 1992-2013
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Tab. 6 The evolution trend prediction for carbon emission performance classes at the city level of China in 1992-2013

RS 1 2 3 4
AN EAS R G PIRIRE 0.1484 0.3534 0.3004 0.1979
LR 0.1377 0.2512 0.2948 0.3162
A (Rl fE LR 1 0.2521 0.2524 0.2242 0.2713
2 0.1908 0.3184 0.2708 0.2201
3 0.0851 0.2585 0.3471 0.3093
4 0.0477 0.2220 0.3249 0.4054
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Spatio-temporal evolution and trend prediction of urban
carbon emission performance in China based on
super-efficiency SBM model
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Abstract: Climate change caused by CO, emissions has become an environmental issue
globally in recent years, and improving carbon emission performance is an important way to
reduce carbon emissions. Although some scholars have discussed the carbon emission performance
at the national scale and industry level, literature lacks studies at the city- level due to a limited
availability of statistics on energy consumptions. In this study, based on China's city- level
remote sensing carbon emissions from 1992 to 2013, we used the super-efficiency SBM model
to measure the urban carbon emission performance, and the traditional Markov probability transfer
matrix and spatial Markov probability transfer matrix are constructed to explore the spatio-
temporal dynamic evolution characteristics of urban carbon emission performance in China for
the first time and to predict its long-term evolution trend. The study shows that urban carbon
emission performance in China presents a trend of steady increase in the fluctuation, but the
overall level is still at a low level, so there is still a great improvement space in urban carbon
emission performance, with huge potential for energy conservation and emission reduction.
The spatial pattern of national urban carbon emission performance shows the characteristics of
"high in the south and low in the north", and there is a significant difference in the level of
carbon emission performance between cities. The spatial Markov probabilistic transfer matrix
results show that the transfer of carbon emission performance type in Chinese cities is stable,
thus it forms the "club convergence" phenomenon, and the geographical background plays an
important role in the process of the transfer. From the perspective of long-term trend prediction,
the future evolution of urban carbon emission performance in China is relatively optimistic.
The carbon emission performance will gradually improve over time, and the distribution of
carbon emission performance presents a trend of high concentration. Therefore, in the future,
China should continue to strengthen research and development to improve the performance
level of urban carbon emissions and achieve the national target of energy conservation and
emission reduction. At the same time, neighboring cities with different geographical
backgrounds should establish a sound linkage mechanism of economic cooperation to pursue
coordinated development between economic growth, energy conservation and emission reduction,
so as to realize low-carbon city construction and sustainable development.

Keywords: urban carbon emission performance; super- efficiency SBM model; spatial Markov
chain; spatio-temporal evolution; trend prediction; China



