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Abstract: Based on the economic development growth rate,energy-saving and emission-reduction
constraints, and LMDI decomposition model of the factors that influence carbon emission, the
different models of economic/social development variables and energy-saving/emission-reduction
variables were combined into six scenarios. The extended SPIRPAT model is used to predict and
analyze the carbon emission of Liaoning from 2016 to 2040, and it is concluded that the ‘ medium
growth and strong emission-reduction’ scenario is the best choice for Liaoning. Under the optimal
scenario, the increase of energy consumption in Liaoning in 2020 over 2015 will be much lower
than the constraint standard. The provincial planning target of non-fossil energy sources proportion
will be reached in 2020 and the national planning target will be reached in 2030. The drop of
carbon emission will reach its peak in 2023, and the reduction in carbon emission intensity in 2020
and 2030 over 2005 will exceed the national planning target. If the government can change the
mode of economic development effectively, adjust the industrial structure, and improve the
development and utilization of clean energy, Liaoning would be able to achieve the goal of
energy-saving and emission-reduction without the expense of economic development.
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355077 t ARAERE LAPN e o B TR I 2% A R B
F58.6% LAF, AEAL A REVR 5 — UK BRI 2% L &
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THITH P REUR. 25510 T YL PRIE I, W & U 45
(Ir) REURTH 2e 24548 (H) AN Ak K-F- (Ps) (W4
1) 51 AR P OO s 40 e s 1 A X

In/ =1na + bInP + clnA + dInT +

elnlr + fInH + glnPs + InE. (2)
F1 REPTENHFSREEX
Table 1 Symbols and definitions of variables in
the model
e At E X
b REVEIH 2 7 A 1Y
1% BHER A Hedr il >
it B HE R -
P/TTN UNEE Y UNERES
. , GDP(2010 4FARAE) /
A/TITG A\¥J GDP O
T/(t-Jioe™") BEIRIN 2R REVRIH 2% L1 i/ GDP
/% LU E Tk s e/ GDP
o R AT REDR
H L\b~/‘\ '%éj: s
PEIIRIAT e semehin g
Ps BT ALK AN EVINEP=E

1.2.2 Bdikli ab3E KA A 5
2005—2015 & AR Bk H (L T4
THES) M ESGEHAE S ) | 88 T A
745t (V] P A O PR R 36« XS AEL 5 T N, 2R
Z AR R B R AR DG | DR BB B 2 i 43 Il 0
PR PEAT G SR I W4, AT F, R F,
() Z2FTTER R IAF] 95. 807% , I F, 1 F, fEf%
R 6 RS R 95. 807% {5 L, il H k% F,
HF,.
F, =0.407 0 InP +0.430 9 InA —0.420 3 InT +
0.391 0 Inlr +0. 426 8 InPs +0. 370 3 InH;
(3)
F,=0.423 0 InP +0.103 5 InA +0.262 6 InT +
0.528 8 Inlr —0. 160 9 InPs — 0. 660 2 InH.
(4)
F L5 A F ADF A7 AR A 55 34 2 ~F- A2 Y
Bf ] 4, AT DL e T A JF 45 B R g i
43 Inf KT F, F1 F, B #E .
In/ =0. 379 4F, +0. 600 5F,. (5)
X (3) F(4) A (S) ATAF R
In/ =0.408 4 InP +0.225 7 InA - 0.001 8 InT +
0. 465 9 Inlr +0. 065 3 InPs — 0. 256 0 InH.
(6)
13X (6) ARifEAb IR I o I 0 7% 1 1 e A AU

T
Inf= —39.0525 +4.8950 InP +0. 109 4 InA -
0.001 5InT+1.6751 Inlr +0. 197 7 InPs —
0.073 6 InH. (7)
1.2.3  FBHLA R

XL T 2005—2015 AFERsHE R 518
5 SBRMESEA Y G, TR RILE 5 FRfE.

1.3 TTHEBHNBERNELERS
1301 FHONE B ) 5 e L %

AAFGE I STIRPAT BRI A 6 AR5, 47
WS At R AR B I HE AR . 2
RIEAR AR N S A GDP Ak i fb 3
WCHES O Tl A K F RETRIH P AR RE
7 b 38 I B R TR R A R O TR
ARy R HE R L.

WLt o Rk R AR B o — R KA, &
B R R I D HE AR R IR AR
JE s R HE RN s HE , PR A D 52 1T, 1 e D HE
F1E R ORI, AN H 55, Hhax 2SR & i A
AR 153 6 A S AF R (R 2) . K rh s HE
15 e HARENE BE, B4 5 PSSR A R ET 4R
Rl RIF

2 TITEABHMTNNEASEE

Table 2 Combination scenarios of forecasting carbon
emission in Liaoning

KA
g ‘ ; =h
T L -
WAL v v Vi

1.3.2 AR i i S50 e

UNISE /Sl gt i | 5| BERS RN N KIS 3575
FREZR 0.03% , P HK A [ (2009) F, = A O
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Wz 3 Jim.

R 3 T574E 2016—2040 £ A OHIIEK RN

Table 3 Prediction of population growth rate in Liaoning
Province in 2016 —2040 %

Mk D00 s a0 2095 0k
ik 0.01 0.005 -0.10 -0.20 -0.30
el 0.02 0.0l 0.005 -0.10 -0.20
e 0.03 0.02 0.0l 0.005 -0.10

A¥J GDP il T4 “ + = 1.7 L& v 252 Bt
GDP 4FHE R 2 6. 5% ARBRICK I B
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R4 iITH2016—2040 £ A3 GDP MK EHM
Table 4 Prediction of per capita GDP growth rate in

Liaoning Province in 2016 —2040 %
HEE T s a0 as a0
1i% 6.00 5.00 4.10 3.30 2.60
h 6.50 5.50 4.80 4.20 3.70
[ 7.00 6.30 5.70 5.20 4. 80

WY L T T R — B T
SERKOE, G TR R B bR, AR R R E R %
5 MBIk T T 3k ] 80% B T 4R H BT B
WFRs.

£5 iI7T% 2016—2040 FEH A
Table 5 Prediction of urbanization rate in Liaoning

Province in 2016 —2040 %

WHifkE 2020 2025 2030 2035 2040
1% 69.00 70.5 71.80 72.80 73.50

rh 70.00  72.5 74.80 76.50  78.00

=1 71.00 74.5 77.80 80.00  79.00

Tk A A = W] 387 Tl 3G i
ARG K 2N 0. 34% . 542 FE/K AL, L7
Tk A7 FAT A T, B =T E R Tl b
Raf M2 T 1 A, LA R P i 3 S S, L3 6.

F 6 ITTH 2016—2040 &£ Tl k7K T8 ZF
Table 6 Prediction of industrialization level growth rate

in Liaoning Province in 2016 —2040 %
R % 2016— 2021— 2026— 2031— 2036—
2020 2025 2030 2035 2040
G -0.35 -0.65 -1.00 -1.40 -1.70
R -0.50 -1.00 -1.50 -1.90 -2.20

REE I 2o B . 30 7 = 7 £ 4 3 2020
AE4AR PR M X AR 7R B BERE L 2015 4E R &
15% . Bl 17 REVHE 1 BE A R DL R AR R 1Y
Tl 287, 7 RE DR HEME 2 BE 2 I RIS R ok, &%
FE BEVR B 10 T P B i R A, L% 7.

£7 ITTE 2016—2040 £ HETE BB B K RN

Table 7 Prediction of energy consumption intensity
growth rate in Liaoning Province in

2016 —2040 %
jpjes 2016— 2021— 2026— 2031— 2036—
2020 2025 2030 2035 2040

i =320 -3.00 -2.50 -2.00 -1.50
B -4.36 -4.00 -3.50 -3.00 -2.50

AR A REYR B L B SCE 2020 AR A RETR
LR B 15% 09 HAw, <+ = 107 W 0] 2242
13.26% AEH HIME , 44 IR T BUA K SE 3R KR
W 8 frn.

%£8 iTFH 2016—2040 FIEL AALIE L EHE K E TN

Table 8 Prediction of proportion of non-fossil energy growth
rate in Liaoning Province in 2016 —2040 %

1 K% 2016— 2021— 2026— 2031— 2036—
2020 2025 2030 2035 2040
Hh 18.11  14.87 9.34 6.34 4.32
G 30.16  16.59 7.39 4.56 2.29

1.3.3 [EBEm s,

BaEZEERAL(), BASBERTLT
2016—2040 4F- 145045 b FUIAEL. &5 5 WL 9 AN
1.

X9 RUEASBETHIENMTNER

Table 9 Prediction results of carbon emission under
different scenarios

SR e . BORMERHERL
T L ﬁfﬁ

e At T /T 0 W T t

1 36. 18 15481.21 2025 -2.92 -813. 67

IT (F£E) 39.10 16 294. 88 2029 0 0

m 42.29 18 049. 64 2036 3. 19 1754.76
\% 32.73 14 512.50 2019 -6.37 -1782.38
A% 35.31 14 748.36 2023 -3.79 -1546.51
VI 38.07 15645.70 2031 -1.03 -649. 17
23000
HAEBE
—— 1 N
—a— T ——VI
IE 18 000 L
L
2
= .
13000}
3
8000 1 1 1 1 1 1 1 1 1 1 1
=) [~ (=] N < o 00 (=) N < \© oo S
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B 1 2016—2040 FEEHEMETME R
Prediction trend of carbon emission under
different scenarios in 2016 —2040

Fig. 1
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HESIBE) AN, B A TR D8HE g B8 (sl 57 0 )
10T R 25 AF (Rl AR R AR B A 2. DL 3%
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Table 10 Impact of carbon emission reduction intensity
on carbon emission at the same economic
growth rate
g PRUMRRESIR W R A
Wk ik
W MR/ EFR/ WEH BIE/ g
O 2t % Tt %
Hh 0 0 0 0 0
{[iS
M -3.44 -9.52 -968.71 -6.26 2034
H 0 0 0 0 0
i B -3.79 -9.69 -1546.51 -9.49 2034
L0 0 0 0 0
"W -4.22 -9.98 -2403.93 —13.32 2035
F 11 BHNEARTER TRFEENBRIERENRMm
Table 11 Impact of economic growth rate on carbon
emission under the same carbon emission
reduction intensity
w2 BREERER ERER
He T K
g oW B/ ER/ WE/ BEIR/ gy
pEow ALt % Tt %
filk -2.92 -7.48 -813.67 -4.99 2036
o 0 0 0 0 0
=319 8.16 1754.76 10.77 2047
f& -2.58 -7.30 -235.87 -1.60 2036
G 0 0 0 0 0
o 2.76 7.82 897. 34 6. 08 2048

2 LT WRHER R 1 BT Y e

LIS B IR PR %75 T UF G A U &
PR, DA SRR [A] | R A bR H G b 5 11 g
WAHERBR. AT LLE I« iR R R R 1 B 2 L
TH AR K- AR, TR R 2 A S ke
(14 ] Fsf 3 S BT e s H .

2.1 ZEFHSEREE

BOUES T, & 202w 1R R 55 &
THAL TSP &R RO, LA S BOR « + = 1 FL kI
XA R R AT, W3 12.

2.2 RERHEBEEERE

R 13 fos NI A AR A Rl L B
TRMEIR B E 2K B T A LRI A
REVE A RISE, e s A ot F % ot
W 32 P 3 B 52 i % 2030 4E 19 %) H AR 24 ]

AERY.

F12 BERNBEETHELEFNHSERESE
Table 12 Variables of economic and social development
under the optimal scenario

E A¥j GDP %iAm AEAR T
/FETT BRE/TA 1%/ %
2020 13 162. 51 4386. 38 70. 00
2025 17 202. 56 4388.71 72.50
2030 21 746.79 4389, 81 74. 80
2035 26 585.62 4371.83 76.57
2040 31 881.56 4328.29 78.07

*13 BMBEETHIREERHE
Table 13 Energy consumption under the optimal scenario

i AEdSE  AEURIMAEE  ARMLATRETR N H/%

H -5

FERENE/%  HEE/JT ¢ 2015 2020 2030
ML BAR  15.00 3550.00 12.00 15.00 20.00
R 15,01 3398.54 1.74 4.00 12.66
BiEESE 19.98 1999.18 1.74 6.50 20.17

e« AE AL E W AT RE A BE S 11470 2020 47 15 2015 44
M.
BRHER 1B
Uz 14 Prow, S U S5 B HE R R i AR
2023 AR Ak B f Ok, PR 7 4F 52 A E K LA
Fs.

2.3

F14 RMBETHERHR
Table 14 Carbon emissions under the optimal scenario

Bl HE I 5 P e SEHR R
HE T (52015 ML) /% R T e 41
2020 4F 2030 4E i &raingL|
e 40. 00 ~ 60. 00 ~
R F s 45.00 65. 00 2030 4
AR () 52.95 55.16 2031 4F
WEESE (V) 55.16 73.27 2023 4

3 4% 1w

1) FEARHE A sl HE | b3 sk R kg
s HE ARG SR DB | R SRR | R K
WHEX 6 Pl A SR T, 1L 7 48 BkHE AR 2 4 5
7E 2025 4F 2029 4F 2036 4F 2019 4F 2023 4FFil
2031 473k B 0 {H , 0 {E K/ 43 5 Ry 15 481. 21,
16 294. 88, 18 049. 64, 14 512.50, 14 748.36 #il
15 645. 70 J7 t, AN [EEE T BA BRI 5.

2) [l —Z 3, s sk HE g B e HE sk
WA N . 20 1t s, e I 0 0 X s g
TR ARURR | 26 % 3 SRR, S0 2 W ) X ik
J7 B BRI — 3R ) B, B v A U R R ik
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HE R L T WelHE 7 BERR AR BkHE I {0 28 5
8 SR AR B AR e I TS ks W S ) X 28 T 1 ek
(A B T

3) VAUl A B, Bt B 52 i1 g
WHE B AR AR, A SRR I R o 1T
B ARAARRR & () B A 5. AEDL IS B R, T4
2020 4E 9 A4 GDP 35 13 162. 51 37032020 4E45
2015 4EMUBEVR IS e HE o0 1 999. 18 J7 t Anifikit
AT 3550 J7 ¢ A s AR fb A BB UE L EE 7 2020
AEIRF 6. 5% H7E 2030 48 % 20. 17% ; Bk HEK
TR IR UG A] Ry 2023 4F  WE(E M 14 748.36 J7 t.

4) ARYEL T B B R A BUR RZAE LR L
T R EBUN G FEAVE R R BAL 587, ke
KL A AL R TR B 454 | I KA FH 775 3
REUR ; SR AL T BRIHEB R | 5838 S IR S5 A & 5 R
AR A IS T 3K B e N AR AR B ; SE A OGS
FRECR.
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