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Abstract: China regards controlling the total amount and intensity of carbon emissions as an important route to achieve
carbon neutrality goal. As a province with high carbon emissions, it has great significance to explore the path to achieving
carbon neutrality in Shandong under the background of “dual control” of carbon emissions. Based on the actual social and
economic development situation of 16 cities in Shandong Province, a “dual carbon” index model was constructed. Using the
“dual carbon” index model, the 16 cities of Shandong had been scientifically designated as three control zones, which
including carbon reduction zone, low-carbon zone, and carbon sequestration zone. The results of carbon emission showed
that the overall carbon emissions of Shandong Province had been showed an upward trend from 2015 to 2019. In addition,
the whole carbon emissions of Shandong Province in 2019 had been increasing by 82 million tons compared to that in 2015.
However, the changes of carbon emissions vary were different among the 16 cities, which Dongying had the largest reduction

in carbon emissions (it reduced about 61 million tons from2019 to 2015) , while Binzhou had the largest increase in carbon
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emissions ( it increased about 82 million tons from2019 to 2015). While, the total carbon sequestration of various
ecosystems of Shandong Province was 488 million tons in 2019, and the carbon sink of terrestrial ecosystems accounts for
the majority, which was about 482 million tons, accounting for 98.77% of the total carbon sink of the all ecosystems.
Moreover, there were significant differences in the distribution area of various ecosystems among 16 cities, due to the large
distribution area of forest ecosystem, Linyi had the highest total ecosystem carbon sink among all cities of Shandong, which
was about 54 million tons, accounting for 11.05% of the total carbon sink of the all cities. Lastly, the result of the “dual
carbon” index model showed that 9 cities were carbon reduction zone, and 5 cities were low carbon zone, while only 2 cities
were carbon sequestration zone of Shandong Province in 2019.According to the above results, we proposed differentiated
measures and suggestions for each control zones, which focused on the requirements of “dual control” of carbon emissions
and the actual development of the cities, to explore carbon neutrality route that suitable for Shandong Province. The carbon
neutrality path for Shandong of this study would be an important measure for China to actively and steadily promote the

“dual carbon” work.

Key Words: ° dual control’ of carbon emissions; the ° dual carbon’ model; control zoning; carbon neutrality;
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Table 1 Potential carbon sequestration among different ecosystems
EBRG T RS [ R/ (g C m™2) E=PEN
Ecosystem Subsystems Carbon sequestration rate References
AR EZS RS Cropland ecosystem — 509.6 [15]
FRMAEZS RS Forest ecosystem — 322.13 [16—17]
il E ARG Grassland ecosystem — 3.18 [18—10]
WA S RS City ecosystem — 0
B R A 2 R 5 WRENESRE 31.22 [20—22]
Inland wetland ecosystem WM AE R R S 134.06
TR A5 RS Coastal wetland ecosystem #HiE 213.98 [23]
T4 25 R 55 Marginal Sea Ecosystems BT 1T [X 48k 15.3 [24]
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Table 2 Standards of control zoning
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Table 3 Carbon emissions of Shandong Province and its cities among 2015 to 2019

# Bk Name 2015/12 t 2016/12 2017/12.t 2018/t 2019/12 t
IIARA 8.54 8.63 8.36 9.02 9.37
e 1.09 1.00 0.95 0.95 0.84
HH 0.42 0.40 0.42 0.49 0.40
T 0.77 0.69 0.70 0.64 0.68
RSN 0.45 0.35 0.40 0.56 0.61
REH 1.06 1.09 0.92 0.47 0.45
& 0.47 0.41 0.38 0.40 0.47
HEGiTh 0.61 0.58 0.58 0.66 0.71
v 0.60 0.43 0.40 0.44 0.63
T 0.38 0.26 0.35 0.38 0.41
ST 0.20 0.15 0.17 0.17 0.14
BB 0.51 0.50 0.56 0.75 0.90
I 0.55 0.46 0.44 0.40 0.40
PR T 0.32 0.29 0.30 0.34 0.45
st 0.41 0.43 0.35 0.40 0.56
M T 0.31 1.23 1.04 1.45 1.13
T 0.39 0.37 0.40 0.52 0.58
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Table 4 Potential carbon sequestration of Shandong Province and its cities in 2019
I/ BRI/ MW=
P K?E 3%(1; 2t W jéﬁ@%{[? izt Wil 2 et %
Carbon sink of Carbon sink of Carbon sink of X
Name K X Proportion
terrestrial ecosystems marginal sea ecosystems all ecosystems
IIARE 4.82 0.06 4.88 100
vrm i 0.31 0 0.31 6.24
Hl 0.33 0.02 0.35 7.09
T 0.17 0 0.17 3.47
AT 0.15 0 0.15 2.97
RETH 0.17 0.01 0.18 3.71
W& 0.41 0.01 0.42 8.76
Wb 0.48 0 0.48 9.90
v 0.33 0 0.33 6.78
et 0.24 0 0.24 4.90
T 0.17 0.01 0.18 3.79
H I8 T7 0.17 0.01 0.18 3.58
I Y it 0.54 0 0.54 11.05
FlEIH T 0.36 0 0.36 7.44
T i 0.30 0 0.30 6.14
T T 0.26 0 0.26 5.31
T 0.43 0 0.43 8.88
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Fig.1 Map of “dual carbon” control zoning of Shandong Province
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Table 5 Results of “dual carbon” control zones of Shandong Province in 2019

RUBLLL L Tl REVRT % 15 L/ %

% H %

FREITIX ZFx Proportion of energy consumption .
C; . . . Proportion of C,
control zones Name by industrial enterprises econdary indust
above the designated size secondaty maustry
Rl X iy 50.70 79.17 49.9 1.19
Carbon reduction zone HFET 46.10 75.86 43.5 1.07
R 27.25 90.12 57.4 1.44
WD 22.81 75.15 40.3 1.01
s 30.01 70.17 40.3 1.01
H Be T 72.32 70.05 42.7 1.03
2 9.05 68.83 41.8 1.01
M T 86.87 88.56 42.4 1.10
PREi 15.04 70.00 2.6 1.03
ik X GrraTi 54.00 50.74 34.6 0.81
Low carbon zone Hi 5.58 27.31 35.6 0.73
W& 4.30 56.09 41.6 0.95
AT 17.33 63.34 38.9 0.94
o3 77 26.48 76.57 35.7 0.93
Eif7 358 BT -4.86 53.94 40.4 -0.92
Carbon sequestration zone YT -14.38 87.27 37.9 -1.01
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