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Abstract: [ Objective] In the context of dual carbon goals, clarifying the driving mechanisms of carbon emissions in
key regional industries and their decoupling status from economic growth is of great significance for formulating
differentiated emission reduction strategies. [ Methods ] Based on energy consumption data of sub-sectors in Qinghai
Province from 2010 to 2022, the Tapio decoupling model and the logarithmic mean Divisia index (LMDID)
decomposition model were applied to quantitatively analyze the drivers of industrial carbon emissions and the
evolutionary characteristics of their decoupling from economic growth across 22 sub-sectors. [ Results] 1) From 2010
to 2022, carbon emissions from sub-sectors in Qinghai Province increased from 32.01 Mt to 55.33 Mt, an increase of

23.32 Mt. Among these, the electricity, steam, and hot water production and supply sector contributed the most to the
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increase, accounting for 39.90%. 2) From 2010 to 2015, carbon emissions and economic growth in Qinghai
Province alternated between two unstable states: expansive negative decoupling and weak decoupling. After 2016,
the relationship gradually transitioned to strong decoupling, which was achieved in 2022. 3) The economic level
effect was the core driver of carbon emission growth, especially in high-energy-consuming industries; the energy
intensity effect was the main restraining factor; and the energy structure effect made a significant contribution to
emission reduction in industries such as electricity. 4) High energy-consuming industries became the main force of
decoupling across sectors in Qinghai. During 2021—2022, the smelting and rolling of non-ferrous metals achieved
simultaneous strong decoupling in population scale, energy efficiency, and energy structure. [ Conclusion] The
focus of carbon emission reduction in Qinghai Province lies in further strengthening energy structure adjustment in
high-energy-consuming industries, emphasizing the synergistic effects of industrial structure optimization and

energy efficiency improvement, as well as strengthening the monitoring and management of carbon emissions

in emerging industries.

Keywords: industry carbon emissions; Tapio model; LMDI index decomposition model; driving factors
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Table 1 Main policies for energy conservation and emission reduction in Qinghai Province
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Table 3 Carbon emissions by sub-sector in Qinghai Province Mt

45347k 20104F 20114F 20124F 20134F 20144F 20154F 20164F 20174F 20184F 20194F 20204F 20214F 20224F
FFAHFWC 0.32 0.34 0.34 0.34 0.34 0.32 0.37 0.32 0.31 0.31 0.33 0.33 0.32
CMMD 0.23 1.73 0.27 0.28 0.22 0.27 0.26 0.19 0.15 0.17 0.15 0.21 0.32
PNGE 2.23 3.02 4.35 4.36 4.37 4.72 5.30 5.72 5.52 5.37 4.08 4.53 4.22
FMMD 0.01 0.01 0.03 0.02 0.02 0.02 0.02 0.01 0.01 0.01 0.01 0.01 0.05
NMMD 0.45 0.09 0.60 0.52 0.40 0.12 0.10 0.06 0.05 0.04 0.03 0.04 0.06
NMLMD 0.06 0.06 0.22 0.23 0.17 0.17 0.18 0.04 0.04 0.03 0.02 0.06 0.08

TI 0.02 0 0.01 0.01 0.01 0.01 0.01 0 0 0 0.01 0.01 0.01
PPC 0.29 0.28 0.31 0.29 0.13 0.60 0.05 0.06 0.12 0.13 0.20 0.19 0.23
RCMCP 1.16 0.68 4.00 3.31 4.09 5.10 6.25 4.52 4.47 4.81 4.16 4.60 4.59
MPP 0.02 0 0.10 0.08 0.13 0.02 0.03 0.01 0.01 0.01 0 0.12 0.01

NMP 4.29 3.63 7.08 8.69 5.85 8.45 8.99 7.05 6.84 7.03 6.36 3.96 5.39
SPFM 4.81 4.45 5.76 6.78 6.99 6.60 6.28 6.16 6.66 7.06 6.98 7.76 7.32
SPNM 0.44 1.35 0.57 0.64 0.55 0.62 0.65 0.64 0.65 0.67 0.69 0.57 0.68
MP 0.02 0 0.03 0.03 0.02 0.07 0.08 0.01 0 0 0.01 0.03 0.02
OM 0.05 0.02 0.03 0.03 0.02 0.04 0.04 0.01 0.01 0.01 0.02 0.03 0.02
PSESHW 9.97 9.97 12.66 13.59 13.16 14.19 16.65 1742 14.96 13.69 12.45 18.12 18.55
CONSTR  0.32 0.37 0.38 0.39 0.42 0.52 0.58 0.65 0.68 0.68 0.73 0.78 0.77
TSPTS 2.24 2.40 2.44 2.57 2.75 3.01 3.47 3.92 4.37 4.52 4.33 4.77 4.94
WRTC 0.68 0.76 0.75 0.78 0.78 0.58 0.84 1.34 1.50 1.65 1.59 1.97 1.37
FP 0.05 0.02 0.11 0.12 0.11 0.30 0.35 0.05 0.05 0.05 0.04 0.03 0.03
PSTW 0 0 0.01 0.01 0.01 0.05 0.07 0.01 0.01 0.01 0.02 0.02 0.02
CF 0 0 0 0 0 0 0 0 0 0 0 0 0.12

W FFAHFW C R ARHC K FE s CMMD A8 5 SR 26 Mk s PNGE Sk 7 3l R R AR S IF 2Rk s FMMD hy 22 (7 4 J& 57 R %l s NMMD i A5 (6 4
J& R s NMLMD Sy 3E & J8 0 R 3k s T 25 201 s PPC S A i 1 K Bx 50l s RCMCP g 4k 27 JFURE B2 Ak 27 il & il 35 Mk s MPP 2k BE
2y 1k s NMP S 3E 48 5 9 i dholk s SPEM b 280 42 8 1 Mk 2 AE Jin Tollz ; SPNM CH A (5 4 i 1 Bk R SE i Tl s MIP A 45 Ji il
A s OM 2 3% 3 AL B il 38 Mk s PSESHW Ry #2875 HAOK G A2 7= AL il s CONSTR R g 500k s TSPTS Sk 58 38 32 it A fidh B MR H 3l £
v s WRTC St & FIZR 8 58 50 4840l s FP R £ 5 im Tol s PSTW S 1 R K 19 A 72 R R s CF SR Ak 4R i il i v . Rl
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Table 4 Decoupling status between carbon emissions and
economic growth in Qinghai Province from 2010

to 2022
Ay AC/Mt  AG/fZot € JIE S AR A
2010—2011 0.151  0.015 10.232 K UL
2011—2012 0.219  0.115 1.894 K B4
2012—2013 0.072  0.121 0.597 55 Mt 4
2013—2014 0.013  0.078 0.160 &/l
2014—2015 0.053  0.088 0.604  HyfiisH
2015—2016 0.103  0.123 0.842 KL
2016—2017  —0.056  0.170  —0.330 SR
2017—2018  —0.029  0.059  —0.487  SRIi
2018—2019  —0.004  0.079  —0.045 R4
2019—2020 —0.074  0.020  —3.697 SR
2020—2021 0.176  0.119 1.486 K 67 Bl 4
2021—2022  —0.019  0.067  —0.277 %
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Fig.4 Relative contributions of drivers to carbon emission changes by sub—sector in Qinghai Province from 2010 to 2022

http. // stbexb.alljournal.com.cn



410 KRR

840 %

M ] 4E 3 7, 2010—2015 4F b T Tl Ak fin ik 11
AU RLAL Y 5K S B B . B B b T Tl Ak g 4R
FETTUR ML, A T A 64 I8 R4 R 0l
LR FERE AT e Y Ak o f B4 T, B KO 5
b 5 R RN B B 3 O ST CRZL {0, BRI EEIN K S
T Tl AR ) 2 B HEBCRORE PAZ0 SR B ) o 5 kT
B, A2 B T 15 BB 4L BRI BB R AT AR e Bk g
VR S A, RE TR A 5 55 B TR 45 AL RN A B 41
VE IS , A R AT R T BUASE ™ 51 Sf 1 HE i 39 o= o
2016—2022 4F- 5% 7] g 5 5 25 ¥4 S5 3K 20 19 D HE 1 .
WE & B ATl CAn AR 8 RS 4 D) 1Y R IR Bl B Bl i IR
A SEif , B8 VR SR B BT, 2021 AR B Tl B A7 4
PMEREAEIR] L N BE 12.1%0 . 1B 4 @ #ERR AT M g R 5
JEE A8 e S A 5 B (L DV T W] e AR T
0480 e HE RS A OGS I R L bR AR I Tk R JEE
P A 2T 1K 55 B HE T3 420 1) 7 L A

BE 20224, BIFHE IR AL S ik 91.200,
b R PH AR L XUH R LD K, A i 41296
21.8%61 Wiy FEVR UK A R R S A Tl Y BB
TREE RN Ry B Tk, R WK R IR S5 3 T AR TR AR
XF B HEBCR AR, 5 BB IR A ANk g
B AR Hb S L T G B TR A OG . T 2R B KO 5
b 5 K 1 P Bh A 2%, LA 28 5 K P8R ATS R IE Bk
E i 5 7 ol 2 0 5 AR R R AT 14 7 ol 5 A8 34 1E
DTHRA T UCZE B 4 vl A3 A Ml A T 68 TR B A 2010—
20154547 JIr BEALC 00 v 4 300 ™= b 445 4 A 1) DR 1A

AE U5 5 12 | BE YR A6 4 A0 7 F B ST i Rl ) 3 o
22 TF KV 2800 Y IE TR BT B+ =
DU S 1] 55 T8 Y RE R Bk B T i RE TR R A BOR
B W

A 53 itk 2 J3E 1) R ARRFAE (BT 5K, N R,
IO BT R ARS8 , A A T Az i v T3 B8 (B R e fin T2
AR R R HOE SRR, ERIHN T E TR B
GV B, ol X RS B HE T 2 B ARSI . A
FCZ R AR08 W s N U RN , TE STk
RO 2 (2 B AR REA Tk S TR /8 ) U R A
AT R AR TIPSR A2 JFURH AR 0 4 i 1 MR AF ATl
RN R AR IE W BB, RO R AT K S E T
BRGSO S A AR AE RE
AE Tl ARl 2 Jm 67 W0 0 s RIAT €06 i v IO 1) 7=l 4%
A0S g e TE T MK T A MR ML e 2 85 1l i ik
555, S R VA 7 b 224 i Tl )BT IR B R
A TR REUE 7 M 45 4 B — Tl o Head g, R B R
A SEAKE N R 2 — . TR F &0 22 Bl 1 1 o
Hk, JEFE R Al Y B ST RO H L 1 B 7 TR K OB AR
SRR RE R ML (5 LU A5 4R T, R ik R OGRS 1)
A I AT RE TR SR R RN e R B0 FY) B TR AL
N7 CE BT RIRLL A AT ), JU I S FEREAT L 1Y
T BTN 5 o DU L AR, 9 i TR Y RE R kS
RERON AR BURE , W35 AR 17 v #E RE AT I ) 20077 R g
FE , JLHE 2015 4F 5 B AR T 9 R BUSONE , il RE AL 1

TR 0 g A R S B TN 3R

X TR %

,t",avfa_m:I e b
58.90
g
24.30
iR
=10.30
Wt ~44.90
B — —79.50
gk | iy e

Bs5 SHA@STIHRENETUNRIAEZBANTHRE=HEL

Fig.5 Three—-dimensional variation diagram of relative contributions of drivers to carbon emission changes by sub-sector in
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