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Evaluation of low-carbon competitiveness in Western China
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Abstract: Low-carbon competitiveness reflects a country or region’s level of competitive advantage or ability in low-carbon
efficiency, low-carbon environment, and low-carbon technology. Regions in western China are currently engaged in two
major undertakings: leapfrog development and sustainable development. Under a background of western development and
global transformation, western China must transform its mode of development and switch to a low-carbon development path.
In addition, it must make full use of its backwardness advantage to enhance its low-carbon competitiveness to become a
society characterized as resource saving, environmentally friendly, and climate-safe. By building an evaluation system for
low-carbon competitiveness, this article adopts a principal component analysis ( PCA) model, entropy method, and
clustering analysis method to analyze low-carbon competitiveness in China’s western regions. The results show the following.
(1) Western China’s low-carbon economy can be divided into three levels: Chongging, Shanxi, Guangxi, and Sichuan
belong to a relatively low-carbon region; Yunnan, Xinjiang, Ningxia, Guizhou, Inner Mongolia, and Tibet represent a mid-
carbon area; and Qinghai and Gansu can be classified as a relatively high-carbon area. (2) The top five areas in terms of
low-carbon competitiveness are Chongqing, Shanxi, Guangxi, Sichuan, and Yunnan; the evaluation results are essentially

in accord with the areas’ actual level of low-carbon development. As the first batch of pilot provinces approved by the
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National Development and Reform Commission, Chongqing, Shaanxi, and Yunnan rank high, further proving the
effectiveness of the pilot programs. At present, China’'s low-carbon economy development via the demonstration pilot is
being gradually pushed forward, from area to area and stage by stage. To obtain state support, western regions should seek
further national low-carbon demonstration pilot projects. (3) The results show that energy consumption per unit of GDP is
lower and the ranking of low-carbon competitiveness is higher. Thus, it is clear that energy consumption per unit of GDP
must be reduced to enhance low-carbon competitiveness. The current industrial structure in western China, characterized as
being highly dependent on resources and energy, is unacceptable; the western region has become an industrial transfer base
of high-energy consumption for China’s central and eastern regions. Therefore, western regions should follow the “Twelfth
Five-Year Plan” requirements to reduce energy consumption per unit of GDP, plan an appropriate development direction,
and make efforts to successfully save energy and reduce emissions in industrial, construction and transportation industries,
among others. In addition, Xinjiang, Ningxia, Inner Mongolia, and Gansu, as the key national energy bases in the
“Twelfth Five-Year Plan” , should fully explore and utilize the local energy and resource advantages, vigorously develop
strategic emerging industries, and rebuild a low-carbon industrial system. (4 ) Factors that influence low-carbon
competitiveness are very complex, especially X1 (energy consumption per unit of GDP) and X8 (forest coverage rate) ,
which further illustrates that to realize low-carbon development, in addition to energy saving and emission reduction, regions
need to reduce “carbon” and “to increase carbon sink”. (5) As low-carbon competitiveness is a relative concept, western
regions should strengthen their exchanges and cooperation in the field of low-carbon economy development and use their

synergy competitive advantages to achieve competition in cooperation and cooperation in development.

Key Words: low-carbon competitiveness; western China; PCA; entropy method
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Table 1 Low-carbon competitiveness index system

s Sy .7 & e 7 /ST B b 7l
First grade index Second grade index Third grade index Unit Serial number  Direction
ke (T ES {7 GDP Zi A fEkE tARHERE/ 1T X, -
Low-carbon Low-carbon efficiency SO, fFk i Jit X, -
cometitiveness i GDP LI 3% Ji kWh/ i 76 Xy -
NI 11 2% Ji kWh/ (N - a) X, -
X TR L T3 9 J7 kWh/km? Xs -
ACAE I e ok A R4 R T AR L t/hm? Xe -
(972 BREUR AR TR % X, +
Low-carbon environment AR % Xy +
H X SR R % X, +
M T AR o5 L T A L % X +
PN )i N/km? X -
=R % X, +
VPN EEFANE R ¢ il X3 +
Wl s BRI T KRB 2FEILE % X, +
RAIBLFAFRAL w Xis -
(RT3 Ik ol (AR W i R R % Xi6 +
Low-carbon science I T A= 10 s G AR AL B R % X5 +
and technology ST Tl B HE RIS b e % Xig +
R&D i GDP L % X +

2.2 BdEklE Kt

A SRS B AR IR T P E GRS ) (2011) | B S GE T Jmy ki LA e PG 35 4% 45 DX BT 8 1 I 32l 1) AH
KRGt NIRRT 1) AL BB S 2 8 bR B (0 IE 1) A A B, A SCRT VS R i e bR ATt 8 A, 4 Sl s
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2.1 PCA 5T

ARICIZ ] SPSS17. 0 Geit o Mk ARt A F2 o oo A, A0 2 1 oA~ B U BRIV 32 18 73 oz A 4 A
KT 1 HYHT P AT, — MER Bt TRk 5 85% LA b, 3R 2 AT LA ARG 58 4+ ) Fa b 42 U i
6 MATRLE SR TR 92. 673% HIAR S, T AR K2 MO8 2 1 5t o0 S , Bty M o 17 i s o £

FFER

R2 REEHFNAETHFEENSRERE

Table 2 Eigenvalue of low-carbon competitiveness factor and cumulative ratio

IR PIES
NS Initial eigenvalues Extraction sums of squared loadings
Component FHIEAE T ZERRRER/ % BTURRER/ % FRUE(E Ti 2E TR % BHMEER/ %
Total % of variance Cumulative % Total % of variance Cumulative %
1 7.28 38.30 38.30 7.28 38.30 38.30
2 3.69 19.40 57.69 3.69 19.40 57.69
3 2.41 12.71 70.40 2.41 12.71 70.40
4 1.79 9.40 79.80 1.79 9.40 79.80
5 1.37 7.23 87.03 1.37 7.23 87.03
6 1.07 5.64 92.67 1.07 5.64 92.67
7 0.61 3.22 95.90
8 0.44 2.31 98.21
9 0.23 1.19 99.40
10 0.11 0.60 100. 00
11 0.00 0.00 100. 00
12 0.00 0.00 100. 00
13 0.00 0.00 100. 00
14 0.00 0.00 100. 00
15 0.00 0.00 100. 00
16 0.00 0.00 100. 00
17 0.00 0.00 100. 00
18 0.00 0.00 100. 00
19 0.00 0.00 100. 00
®3 FOMERERSEERTER
Table 3 Rotated Component Matrix

g .

f:(j::)\( Principj'atzlh(%oéripi)nent 1 E52 E3 ERsr 4 EWG 5 o6
X, 0.82" -0.16 0.41 0.09 0.25 0.15
X, -0.41 0.85" 0.04 -0.06 -0.15 -0.02
X3 0.59" -0.38 0.48 0.22 0.30 0.26
X, 0.66" -0.28 0.08 0.09 0.64 0.03
X; 0.16 -0.61" 0.60 0.16 0.39 0.21
X6 -0.75" 0.38 0.10 -0.34 -0.15 -0.15
X5 -0.12 0.27 0.83" 0.31 -0.02 0.29
Xg 0.88" -0.12 -0.08 0.34 0.18 -0.15
Xy 0.22 -0.20 0.48 0.74" 0.12 0.07
X -0.21 0.56" 0.07 -0.26 -0.75 0.05
Xy -0.07 -0.19 -0.01 0.39 -0.92" 0.01
X, -0.04 -0.09 -0.94" 0.28 0.10 -0.01
X3 -0.33 0.89" 0.18 -0.04 0.13 0.03
Xy 0.34 0.11 -0.26 0.72" -0.29 -0.38
Xis 0.26 0.08 -0.14 0.18 0.29 -0.80"
X6 0.30 0.36 0.39 -0.12 0.14 0.68"
Xy 0.26 -0.12 -0.05 0.94~ -0.07 0.01
Xig 0.82"° -0.39 -0.07 0.14 -0.19 0.08
X 0.23 -0.10 0.02 0.11 0.12 0.83

* BAE A AERRAE 6 > E N T LR T3
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FHER 3 v T2 A AT e 280 0m A v %) 5000 3 L SR T 7 1 AR I AL - 7 AR AR A5 380 4% T2 8 49 v A48 b T X
RER R AR 4, T RIE RS A S R 1 TR A
Y, =0. 82X, -0. 41X, +0. 59X, +0. 66X,+0. 16X, 0. 75X, —0. 12X, +0. 88X, +0. 22X, 0. 21X, —
0.07X,,-0. 04X ,,-0. 33X,,+0. 34X, +0. 26X, +0. 30X, +0. 26X ,,+0. 82X, +0. 23X,

®4 PCAFMATRBMENS RE

Table 4 Extracted principal components factor

Y, Y, Y, Y, Y, Y,
G 2.18 -1.73 1.50 1.95 1.11 2.10
pu 1 1.56 -0.70 0.94 0.63 0.69 1.02
Bt -0.04 -0.74 -2.76 0.12 0.33 -0.74
Py 1.64 -0.96 -1.32 1.57 1.04 -2.67
[l -1.58 1.55 -0.25 0.35 0.25 -3.03
i} 1.80 -0.45 1.37 0.62 1.29 1.89
Hl -1.30 0.05 -0.75 -3.85 0.14 0.76
i -2.98 3.04 0.14 -2.27 -1.74 0.26
TE -1.37 0.63 -0.60 0.63 -1.86 0.12
o -1.73 0.41 1.58 -1.22 0.77 0.42
SES -0.34 -0.50 -0.91 0.11 -2.01 -0.70
i) 2.17 -0.61 1.05 1.36 -0.02 0.58

3.2 WEEZEEN

BT 2P A 0 75 22 TTECRAE A TR LR B 1500l A 0, TR A SCHR: P (72 0%
88 F R AT A TR . BB IR AN R A m NMEPE T E 0 TR TEAS  TE R EATE AR B AR I X =
(xz]) mxn ©

(1) X E s ThR e AL AR 4

xy = (o = x) /s,
A, &, WER j IEEARRYIME, s, NS j IRARIUBRIEZE . Fe4f s OB I TH R S MR, DR AR RS, &
z;=a+ x'i]-

Kb, o HFBIEEE, — kR, o] LRKE FrA B in b —A /NI 4B, SRR AN S R 25

(2) FEE5S j BRAR T4 | DT REEMER L E p, , AT

(3) S J RS RRIAA o, 243t
e, ==k ﬁpljlnplj

H %k =1/Inm JHrb m AR T ZAEL

(4) IR j DR bR 22 3 R AL g,

XETLRER j | z; BIZE MU W e B0 2 2, AT ARAEI, e, = 1, I XS T0fEALE 3645 2, Z2TClE
Fi =, AR, o, /D, AR B R PR IR K

L, 8 22 e R AL

g=1-¢
WM g AR, SR,
(5) 5 SR 0, 4+
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=1

L 2, B, AHRZEAVRA M. HHEEAR R,

s, = i w,Z;

W 13 R AT S SEHRIT 6 A RS, S A BRI 6 A L 0 3, T e —
ASUAT 12 ABEA 6 U BRI E ARG o F RSP HT I SIUMEA  55, B  BR A £
ML 3 SRR SN L= — A5 50 SO 4 (B Y T S B SR L3 A 2 R e,
55 AT g, VAL w, o T 5P BB (IR S5 125 AV (I B 4 TR R L 5,

x5 AEHBREBRZESHIITENER

Table 5 The results of low-carbon competitiveness in underdeveloped western regions

o a2 53 54 W55 w6 Mﬁfz‘ﬁ Rfﬁfﬂg
HPK 1.34 0.2 0.68 1.53 0.5 1.13 5.38 1
)il 1.2 0.3 0.61 1.18 0.46 0.93 4.68 4
M 0.85 0.3 0.14 1.04 0.42 0.59 3.34 8
=H 1.22 0.27 0.32 1.43 0.49 0.22 3.96 5
[ 0.51 0.51 0.46 1.11 0.41 0.16 3.15 10
[} 1.26 0.32 0. 66 1.18 0.52 1.09 5.03 2
Hft 0.57 0.37 0.39 0 0.4 0.88 2.61 12
Tt 0.19 0. 66 0.51 0.42 0.21 0.78 2.77 11
TH 0.55 0.43 0.41 1.18 0.2 0.76 3.53 7
i 0.47 0.41 0.69 0.69 0.47 0.81 3.54 6
ES 0.78 0.32 0.37 1.04 0.18 0.6 3.3 9
i} 1.34 0.31 0.62 1.37 0.39 0.84 4.87 3

3.3 AN
FIHZE 5 Fva Bl X AR o S TSR G150, I AT LIS B RIS A 25 R INE — PR, BT LUE
PEER 12 48 (X, 1) T AR S8 4 1 KSR AR AR5 3 N 2K

4 Zit5itit CASE ¢ 5 10 5 20 25
(1) M 7 P S BR Ze p  Jok e P T

SELEE R, i BT, T LUK T A 12 A (X, o

) KA oo =2 PR BT TP )1 S T AR XA M4

WAL ; 2R BT SN S PSR TR e ,

X T | HH R TR B I AR | PG 2 DX 3 o | |

S P R R TR FLRAE < B " RO AT L H |

BRI G BR F 22 F £  T  FHT U A sl |

LT R AR TR 0T 5 | e B DATR S S A BRAG i ’

Al 5 T4 B AR T VBRI U | 7 SR 2

(1 ) st BT T 249 P88 A R 2 10 g AT Bl EEBRREESNREDR

Fig. 1 Cluster analysis of low-carbon competitiveness in

S VYT DX P g o i fRRRR 1498 A T
(2) BRI 3 4 J 444 B A7 4 s DX 73 ) 2 B ARk
PP PR R, HEAA 8 L5 25 M IR 2855 A SR KA W) 5 o TR BRIV | 2 g A 8 [ 58 R el 2= At o

underdeveloped western regions
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0 At TR AR A 2 i, AR B 5 4 R I LU T, 0 Tk 26 i DX L AR AR AR AT IS 17—
TERAR ., FURT, 3 FEMERRR 25T A B Il 1 sy 7 3, LASCHF TR APt 94 st DX AR 4 BB 2 03
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(3) MZREHEA S5 R AT LI, AL GDP ZR 5 REARMRAY A X, L5 G HE 4% LB . vl ot ml o, R ARG SR A6
GDP A REFEIZ IR THIRAR 52 S+ Iy YL SR £, F AT, PHARAS 4 X B0 GDP R4 REFEHRAE 4 [ -F- 24 7K - L
b, PR 2855 A S K- A AR HLad AR TR P DX LA e P2 AR ¢ R BB IR A e il ) 7 M 4544 Y
AGH, FEVTHRN TR RS = BEAE L e A A e . Dt DY A4 DXL IR ] - T B
GDP BEFERFAR H bR 5 S 20K, 3 BRI R R T 18], 55 T3 Tl g S0 S 3 i 47 Ml 19755 RE I
HET AR, DRAh, 3088 75 58 HORARE N« b 0 i 9 [ 58 TSR R R b, 7 38 4342 i RIURI P 24 i B
UG SR R ) K R SO P 4l BT AR AR ™ L AR R

() EBTP TI RN R A, 2 K3 W LUE N S — o 77 22 TRk R g, 1651 38.296%
M4 — oY X, (5L GDP 2R G REFE) X, (R4 GDP HLJJTH %) X, (NI JTH 2% ) X (FRIEHEHT &
ABHEMEFRLL) X (BB TG X T T K HEBOR AR AR ) 548 bR A 2T R B X, IR X, |
Xy Xy X Xy X SRR BAT AN B AR JUHOR HEE R L X, (02 GDP 55 RERE) (X, (AR 2
) AP UE I BB AR K R T 3 a1 RE VB LA BRI S, i BRI B

(5) (B e S 30— AR IS NSRRI Fir . — T i, WA B, R ot A g (R R 3 i (9
A THHRA S IEE, T 36 o g, A A AR R, R AR S 4 B AL, JE R BEAE 7=l
SERGEETY L M7 BRI 2500 SRR S 198 Fe o R R BT HA RS AE 14 ll B Aill A 4% b 5 AH 4 <5
(A NIX PR, PGS i X R A 4% P90 ) 5 4 (00 3, s £ AR B Uk ) 45 A 5 52 0, BE An AR e i 55 ol AR e 1
R BREZ oV 5 WS, LR et GrEh A RE,

(6) BUA AR 4 J1iEA b, M ik SRR AT i AL A 3 1Az 1 (H — e AR 2 PR afi R 2 — P
ARSCHIA R Z AL T B 56K PCA SEBE TR R A TRIAL , 95 | AR 22 30 1 v RS ELE X AT Bk 4R
JEESE RIGERPGRR 12 A8 (X, ) REBR ST 52 4 1 ACF#EAT IO T se il 1 M R B4, AN &4
BEONEMEH,
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