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Abstract

In recent years, with the continuous deterioration of the global climate,
greenhouse gas emission reduction has become the fundamental measures
for countries to cope with climate change. It is also a necessary decision
made by people after re-examining and thinking about the historical
process. The proposal of carbon neutralization goal not only demonstrates
the responsibility of our major responsible country, but also conforms to
the requirements of green and low carbon development in the new

development concept.

Although the goal of carbon neutrality was proposed in 2020, the
concept of low carbon and environmental protection had been widely
spread in China as early as the 1990s. Therefore, this paper combined
"carbon neutrality" with carbon emission efficiency, selected the relevant
data of Chinese provinces from 2005 to 2020, and combined the goal of
carbon neutrality with carbon emission efficiency. A new input-output
index system with DEA was built. On this basis, three-stage DEA model
was used to measure the carbon emission efficiency in every province in
our country under carbon neutralization target. The influence of industrial
structure, urbanization level and environmental regulation on carbon
emission efficiency was analyzed according to the calculation results, and
the spatial evolution characteristics and improvement path of carbon

emission efficiency were analyzed. Finally, the Malmquist-Lunenberger
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index model was used to analyze the dynamic carbon emission efficiency.

The following conclusions can be drawn from the analysis: (1) The
goal of "carbon neutralization™ has a inhibitory effect on the carbon
emission efficiency of some provinces, but it promotes the improvement
of carbon emission efficiency from the perspective of China as a whole.
The calculation results of the efficiency value in the third stage of DEA
model show that although the efficiency value of some regions in China is
low, the overall carbon emission efficiency is high. The goal of becoming
“carbon neutral” by 2060 is highly feasible. (2) The test results of the
second stage of SFA regression show that, compared with random factors,
external environmental factors and management inefficiency have a greater
impact on carbon emission efficiency. In SFA regression, industrial
structure, urbanization level and environmental regulation all have a
significant impact on the input of production factors. (3) There are obvious
spatial differences in the carbon emission efficiency of Chinese provinces,
showing the overall spatial evolution characteristics of east > central > west.
The carbon emission efficiency of central and eastern regions shows an
upward trend, while the eastern region shows a faster rise, while the
western region shows a U-shaped growth. (4) On the improvement path,
provinces with lower efficiency can improve carbon emission efficiency
by optimizing the external environment and adjusting the proportion of

input of production factors. At present, most of our provinces in industrial
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structure, urbanization level and environmental regulation are not in
harmony with local carbon emission efficiency. The growth benefit
brought by external environmental factors of provinces with lower
efficiency has great room for improvement. At the same time, the analysis
result of Malmquist-Lunenberger index model shows that technological
efficiency inhibits the further improvement of carbon emission efficiency,
and technological progress can be an indirect way to improve Chinese

carbon emission efficiency.

Based on the above conclusions and combined with the goal of
"carbon neutrality”, the corresponding policy suggestions are put forward
for green economy, industrial structure, urbanization level, environmental
regulation, low-carbon technology innovation and urban forest carbon
storage: accelerate the development of green economy and improve the
overall regional economic level; In the process of promoting the
development of new urbanization, improve the effectiveness of urban
agglomeration construction and environmental regulation; To promote the
construction of a modern industrial system as an opportunity to accurately
implement the adjustment of the industrial structure in the new
development stage; The construction and improvement of low-carbon
technology innovation system should be strengthened under the guidance
of innovation drive. With the overall goal of strengthening ecological

civilization construction, efforts should be made to enhance the capacity of
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forest ecosystem to increase carbon sequestration.

Key words: Carbon neutralization; Carbon emission efficiency; Three-

stage DEA model; ML index model; Improved path
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ANVE BRIC R X RCR M A R A i, AR

XA =X, +Imax(f (Z;: B,)) ~ F(Zi; B +IMax(v,) —vy] =12 lin=12,N (3)

Horb, XARBEEIORA: X, BB max(f(Z,;8,) - f(Z,;8,)]
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E.(x.y.2) BT YL
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1
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Jbmx | 0717 0.840 1.010 1.022 0.914 | 0.887 0941 1.001 1.019 0.962
K | 1.068 0.882 1.010 1.027 0.979 | 1.003 1.000 1.010 1.015 1.003
ik | 0.347 0566 0487 1.008 0.552 | 0.669 0.729 1.000 1.009 0.815
7§ | 0385 0.357 0.350 0.327 0.354 | 0.644 0919 0.734 0543 0.853
W5 | 0404 0430 0342 0.393 0391 | 0.711 0.692 0.656 0.688 0.703
il | 0253 0.301 0373 0406 0.332 [ 0.645 0.640 0.663 0.688 0.657
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Bt=

FE B BRES S AR RE

A 2005 2006 2007 2008 2009 2010 2011
Jbxt 0.717 0.693 0.747 1.031 1.052 0.840 0.897
KE 1.068 1.037 1.025 0.914 1.005 0.882 0.833
CIE| 0.347 0.333 0.427 0.407 0.501 0.566 0.626
vy 0.385 0.383 0.377 0.364 0.367 0.357 0.365
e 0.404 0.399 0.404 0.418 0.430 0.430 0.439
L7 0.253 0.269 0.268 0.280 0.303 0.301 0.363

K 0.329 0.374 0.379 0.390 0.399 0.380 0.411
BT 0.403 0.431 0.367 0.396 0.408 0.401 0.412

L 1.187 1.032 1.017 1.023 0.773 0.825 0.878
TLI5 0.488 0.574 0.631 0.648 0.802 0.849 1.090
iivAR 0.314 0.325 0.376 0.395 0.442 0.481 0.502
2R 0.354 0.325 0.324 0.317 0.348 0.357 0.380
Fe i 0.370 0.389 0.399 0.386 0.408 0.409 0.414
ANl 0.345 0.340 0.344 0.321 0.361 0.360 0.388
HIER 0.475 1.349 0.671 0.590 0.712 0.767 0.855

] 0.269 0.267 0.271 0.275 0.324 0.372 0.419
ikl 0.205 0.231 0.240 0.241 0.258 0.269 0.277
ke 0.238 0.256 0.261 0.268 0.289 0.301 0.309

IR 0.286 0.343 0.385 0.378 0.451 0.506 0.585
it 0.281 0.258 0.266 0.268 0.283 0.296 0.305
Eae) 1.123 1.025 1.000 0.863 0.722 1.013 1.021
R 0.333 0.353 0.327 0.289 0.302 0.313 0.318
g 0.187 0.207 0.218 0.221 0.229 0.239 0.262
M 0.234 0.248 0.240 0.238 0.250 0.266 0.278
] 0.266 0.308 0.292 0.284 0.281 0.271 0.273
i) 0.437 0.435 0.409 0.410 0.406 0.399 0.395
Hil 0.336 0.373 0.345 0.345 0.341 0.344 0.363
H 1.196 0.900 1.005 1.009 0.843 1.002 0.844
TH 1.038 1.040 1.004 1.019 0.874 0.935 1.045
HraE 0.381 0.391 0.362 0.353 0.356 0.354 0.332

4 0.475 0.496 0.479 0.478 0.484 0.503 0.529

57



PN 2 1 e S DA RN H bR S ORI S

BB BRES S AR RE

2012 2013 2014 2015 2016 2017 2018 2019 2020 ¥ME

0946 0901 0934 1.010 0931 0965 1.025 1.024 1.022 0.914
0.895 1.015 0922 1.010 1067 1.011 0973 1.000 1.027 0.979
1.040 0413 0426 0487 0525 0576 0598 0.803 1008 0.552
0362 0352 0336 0350 0345 0308 0328 0328 0.327 0.354
0454 0333 0328 0342 0351 0362 0379 038 0393 0.391
0375 0338 0316 0373 0368 0374 0392 0399 0406 0.332
0433 0431 0439 0476 0504 0522 0507 0501 0495 0431
0425 0383 0393 0422 0437 0472 0504 0533 0561 0.428
0925 1032 1031 1009 1024 0973 1003 1017 1.030 0.984
1.038 0.708 0.766 0855 1.005 1.015 0986 1.008 1030 0.832
0517 0490 0521 0.608 0645 0.748 0862 0944 1.025 0.550
0396 0357 0355 0396 0421 0443 0456 0473 0489 0.381
0438 0487 0500 0.609 0743 0814 0913 0973 1.032 0.554
0.388 0387 0.390 0406 0423 0430 0442 0452 0461 0.386
1120 0.777 0852 0912 0918 1.038 1009 1.015 1020 0.871
0.457 0537 0570 0738 1001 1.009 1001 1.012 1.023 0.569
0293 0341 035 0419 0468 0505 0551 0588 0.624 0.352
0334 0388 0408 0487 0558 0601 0684 0749 0814 0413
0.656 0.653 0.699 0832 0850 0935 1015 1.023 1.030 0.640
0321 0345 0357 0358 0398 0409 0419 0437 0454 0334
0939 0759 0829 1.032 1004 1.001 0892 0947 1.002 0.948
0328 0385 0390 0415 0457 0476 0492 0502 0512 0.379
0292 0324 0354 0418 0438 0474 0533 0562 0590 0.332
0270 0293 0.287 0310 0324 0327 0339 0347 0354 0.284
0281 0309 0316 0355 0369 0382 0395 0401 0407 0.319
0.407 0409 0393 0382 0399 039 0404 0423 0442 0.408
0359 0348 0344 0372 0387 0383 0387 0388 0388 0.361
1.007 0829 0.888 0893 1.007 1.002 1004 1.006 1008 0.963
1.002 0563 0569 0534 0515 0487 0480 0477 0473 0.772
0323 0299 0302 0304 0303 0298 0300 0301 0302 0.331

0.567 0506 0519 0571 0606 0.625 0642 0.667 0.692 0.545
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BB BRE SR F R RE

By 2005 2006 2007 2008 2009 2010 2011
| 0.887 0.865 0.886 1.001 1.001 0.941 0.954
K 1.003 1.001 1.001 1.001 1.001 1.000 1.000

ik 0.669 0.635 0.672 0.628 0.715 0.729 0.744
L 78 0.644 1.000 1.000 1.000 1.001 0.919 1.001
REa 0.711 0.715 0.693 0.700 0.680 0.692 0.688
T 0.645 0.655 0.641 0.645 0.644 0.640 0.667
AR 0.633 0.641 0.695 0.709 0.716 0.680 0.712
BT 0.538 0.750 0.717 0.861 0.780 0.774 1.000
i 1.000 1.002 1.000 1.004 1.001 1.001 0.949
75 0.747 0.809 0.846 0.888 0.941 0.973 1.003
WL 0.705 0.707 0.721 0.726 0.757 0.802 0.750
2 0.725 0.692 0.690 0.682 0.678 0.685 0.680
Fipe 0.788 0.803 0.800 0.804 0.890 1.001 1.001
vl 0.710 0.718 0.707 0.710 0.719 0.744 0.783
R 0.716 0.665 0.776 0.830 0.872 0.914 0.958
bR 0.662 0.660 0.659 0.665 0.690 0.713 0.740
B 0.636 0.654 0.661 0.662 0.678 0.690 0.684

Vil 0.660 0.676 0.678 0.694 0.710 0.727 0.729
J7R 0.608 0.672 0.701 0.709 0.734 0.767 0.791
| 0.693 0.668 0.673 0.680 0.683 0.698 0.698
bisaea] 1.091 1.009 0.844 0.874 0.746 1.001 1.002
EN 0.735 0.726 0.709 0.684 0.690 0.697 0.695
g 0.635 0.657 0.667 0.666 0.668 0.670 0.693
BN 0.383 0.406 0.689 0.697 0.693 0.687 0.694
Py ] 0.695 0.748 0.729 0.716 0.708 0.726 0.709
(o] 0.704 0.701 0.776 0.772 0.824 1.000 0.897
Hifr 1.000 1.002 1.001 0.937 0.935 1.000 0.933
i 1.158 1.000 1.000 1.003 1.000 1.001 1.001
THE 1.006 1.002 1.001 1.001 0.876 0.931 1.001
e 0.507 0.851 0.737 0.736 0.699 0.693 0.698

4= [ 0.743 0.770 0.779 0.790 0.791 0.817 0.829
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BB BRESFOF R RE

2012 2013 2014 2015 2016 2017 2018 2019 2020 S

0985 0955 0971 1001 0965 1.002 1002 1.011 1.019 0.962
1.000 1.011 1000 1010 1.027 1.0038 0972 0994 1015 1.003
1.001 0704 0710 1000 1001 1.001 1001 1.005 1009 0.815
1.001 1.001 0862 0734 0.689 0689 0716 0.630 0.543 0.853
0.678 0.657 0.647 0.656 0.664 0.692 0.666 0.834 1.001 0.703
0.674 0.645 0616 0.663 0.670 0.672 0.683 0.686 0.688  0.657
0.734 0726 0715 0.747 0772 0781 0.771 0.831 0891 0.706
1.000 0.789 0760 0749 0.750 0.749 0.768 0801 0.833 0.788
1.000 1.003 1001 1000 1.001 1.002 1002 1.010 1017 0.999
1.003 0.836 0.858 0.897 1.004 1.004 1002 1.015 1.028 0.923
0.776 0.803 0824 0914 0932 1.000 1000 1.013 1.025 0.829
0.789 1.000 1.002 1001 1.001 1.0010 1002 0.863 0.723 0.823
1.001 1001 1002 1004 1002 1.002 1001 1.012 1023 0.942
0.761 0809 0824 0890 0917 095 1001 1001 1.001 0.817
1.001 0890 0929 0949 0949 1013 1003 1.012 1.020 0.899
0.773 1000 1001 1.000 1000 1.003 1001 1.012 1022 0.839
0.700 0740 0.725 0.759 0.798 0.830 0.871 0903 0.934 0.735
0769 0797 0774 0864 0.89% 0911 0954 0977 1.000 0.789
0.855 0904 0854 0955 0935 1.000 1.004 1.017 1.030 0.835
0.713 0754 0779 0773 0866 1.001 1001 1001 1001 0.779
0951 0821 0874 1.003 1002 1.002 0902 0.885 0.867 0.933
0710 0773 0.773 0823 0.887 0948 1000 1.001 1.001 0.790
0699 0703 0709 0.7/0 0776 0814 0876 0905 0933 0.729
0695 0720 0.716 0.751 0.764 0.757 0.789 0.801 0.812 0.684
0728 0750 0.758 0811 0807 0799 0893 0.840 0.786 0.758
0960 1.001 1000 1.000 095 1.001 1002 1.002 1.001 0.906
1.000 0839 0817 0790 0792 0.770 0757 0.750 0.743  0.888
1.001 1001 1001 0892 1002 1.001 1002 1.002 1002 1.004
1.000 0.667 0.665 0.679 1.000 0.666 1.000 0.858 0.715 0.881
0.674 0.656 0661 0.649 0645 0651 0653 0.649 0.644 0.677

0.854 0832 0828 0858 0.882 0891 0910 0913 0915 0.832
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