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Tab. 1 The carbon emissions coefficient of various types of energy
REEFP ¢ R T bawTii S S JRAL KR
RHE R FL(10'Y10%) 0.7480 0.8550 0.5850 0.5538 0.5714 0.5912 0.6185 0.4440

rb ] A Bt b DX RE TR 20 76k R 2K [ 1996-20104F (HEBEIRGEITARL) B, S35
BHETRH 1991-20104F (HPEGIHEL) . SIEEREIRNE 9 L AT 7oR £ 25k H 2010
E(BBGITHEE) P, COHEMRTER EE¥ A 20104F (BB GITHER) 7,

3 ARRARCRM A5 o

3.1 BEIRRIRAFF L 4S1E
20 20 90 AR LUK, [ K Bl b X BE VR RCR LR AL F AR, 1990 4F . 1995
AL 20004 2005 41 2009 45K i X BE U5 KR 5 0o B2 0.64, 0.58, 0.64, 0.63.
0.73, BWHBEHIX (FERZCRIEEAEMEII N 1), 06K F H K1 64.40% . 58.20% .
63.60% . 63.20%. 73.30% (322). MAEBRRCRABIEHRE , &5 H X AERACE — H ik
P (REVRRCRAGEAEEII N 1), KRG IX N S B Ber AR b (1),
F2 MEKXMBRSATHRERENE. SHARRE. MEREI LS

Tab. 2 Comparative analysis of energy efficiency, technology efficiency and scale efficiency between the mainland
and Taiwan in China, 1990-2009

o KA AWK
! REWRINPUHCE  ABHABCE  MBUICE  REVRNIECR  AGHORECE  AUUICE
1990 0.64 0.74 0.87 1.00 1.00 1.00
1995 0.58 0.67 0.86 1.00 1.00 1.00
2000 0.64 0.73 0.87 1.00 1.00 1.00
2005 0.63 0.75 0.89 1.00 1.00 1.00

2009 0.73 0.79 0.92 1.00 1.00 1.00
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TR BB 1990-2009 £E A P E 48 (T, FHAIX) XBEMSCRAS B3tk Js, TEXS
U AEAS R A SERE B, 325325 2000-2009 4F 10 4EREVERICRIE R . HiARBCRIER . MBS R
BN ARCEOME 0 . 0, . SEVERTFMHEIR, RIS RIS (F2-E 7).,

(1) MREIERCRAS M ARk E (K2, ES), . Hilb X R e X,
ZRACHE X BRI AR IR BUB IR R . BB S AUX (0.8 < 0 <1) ZEh /i TR A HIX
(F=AHEde T, RE Vo5, B, WL, M. 7&K, BmSiEg () X, 2
HRJBVIEHLIX ) s PE . Wm . LB VLI, WiRSEhE e HiX, DAIAdk, iR, R
UL, AR P, =E L )TPESEE X IR I ABRIRE S RO IX. (0.65< 0 <0.8); AL
X (0.5< 0 <0.65) FEAFHIL T, B, HIdL. ST RIX (0< 0 <0.5) &
SRR X NGS L TR TR B PSR

(2) MEEIRMIBRCE 2 A5 Ak (K3, Kl 6), ARHHIX BRI AT & T
HAh b X, P Xz, PURRHLIX 5 2R Jbtth X fe iR . RV R Ak Bl e fE: (0.95 <



149 TR % 19902000 4F R E BISAE I AR 22 5 FARIE 5 MU 47
SE § E g SEiNEYS —— MK —— FEERHX

SE <1) Miia/%z%ﬁﬁﬁ@ﬁﬁﬁqjt oor b il
HoORH, KREMWREIR, B

WL, DIRJTAR. RS EIRFHIX .
ToC S DA AT HoAt DX RE PR 9% MU
A BA MBS 5, B SEh X
BRI 1A AL A RETRB AR ™ i 1

(=]
8

2Tl i T s MBI B 030500 1997 2000 2003 2006 2009
HiIX (09< SE <0.95) FHEEFIELE 4EBY (4F)

b= Wde. MRS KEFHLIX
FAR A3 b IX B PR AR 3 Ab T &K
(0.75< SE <0.9), FEGFHILA ., 1L
V4. JF . e, VIVE . Wdb . WEE .
Homr, BV pi, mM . =, T
PO, A IX ; FUARE X (0<
SE <0.75) FEMFENZFL . Hifg, T
KX

(3) MAH AR R A 0] 43 AR
F (K4, K7), ZREHXAHARRCR

P2 1990-2009 £ H [ A fifi 451 DX RE TR A K L
Fig. 2 Comparison of energy efficiency among mainland China's
regions, 1990-2009

—— FEEHX
— AL

e I
—o— JRHHIX

%%’ *gﬁiﬂg%;ﬁjbiﬂgﬁz’ iﬁ%{g %0 1990 1997 1999 2001 2003 2005 2007 2009
o X B A, 4l R ERX (09< 6, < 4 (4F)

1) FEEPHERFHLXAILE ., K
"L VLN, B WL REEE. A
TR B A 9 A VI 48 T DXORT PG 3 B PR b
X, X5 BRI H 7 A X A A A AR
L TEERAEHE AR E®mAUX (0.8<
0, <0.9) 544 T R RX A4 b

X, DEHIREIET et R 2 i s 090
RE AR EEOEA, FEaEEl &
5L P TR TR TR BT, S oso

JUVE DU A IX s Al R X

&3 1990-2009 41 Hp [5] KCFifi £5- b X BRI AL X LL

Fig. 3 Comparison of scale efficiency among mainland China's
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Fig. 5 Spatial distribution of energy efficiency in China
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AR Lt R B Hi, SRR ML 254 LB AR R ST 7 b 45 44 TH O R IR AR 2
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TP B BT A X R A i i 2 ) A TS ) PR AR S N B B AR R, XA
MR 2 A DT kR T DUOE SRR ST SCRR IR, T R WSk 37. G5 EIR

(1) AR AREZ M R R . B e R BoR,  Hp E R X R ASCR AR 257
eyl & . XFHMETIEA | IEDE T = A F R R, b, JEk LR T
BRI K (BRUEAL R 2% 1.338, #63) . 1990-2009 4F, A ili H X A 4% 77 Ml 25 44 L iy
72.90%3 K 2 89.70% (E19), . ==l AUBLIAR B AR WH: K 5 23 R) 42 RFE B 140 i 1 ot
s TREEIH 3R “HUBLLR] ", PR SRR Bl T R B AU, Al R U
PEE T RERACK LT R, o KR b X O R 1154.40 f2 €0 K =
22075.0012370, 4EHIEK 15.59%., 1B WX RE TR AR SR AR SE S, g O R
F P PN T REVRHERCR IR T, 25 A RSB, HE O RERS AR HERETRRICR
e, (AR, t O SFEARERIRRLER . 2045 0], rf [ AR Hb X 57 57 I 22 5 3 i 34
K, 1990 4F 1) 87.40 /232 J0HE K 52 2008 411 2981.00 /235 7T, 2009 4 ST ¥ £ 1957.00
f¢3Eot (E10), wJ0L, H ARG INA 2 b i = S E R L . e B E PR T8
FLABOURA I, KRl X AR S A F 255 80 . WRURAAR AL, IX SE S RERE S S Y
H EOAURRERE S RETEACR KT, M MERBEIEFE, THI BRI & Kbt
XEBIRTH SR AN PIESHIRHE, (R T BBIRTH PR RCR T (BrufEfbIal ) 2R %k
0.175), {HTTHCREAR, HoRlfERHELSTERBMESEIRAZR, AR iBREEIEE
AT ME, ¥ HAE R FRGEIE I B B “BRAbE” . e Rl -, ol B R
BB T AR AT, M dE Rl SRR T .

(2) St RFCFEAEM R, A ARPCESRHERA LT . S5 T+ A
K, ForpBHE DX Al AR BCRA A TTIR AR (BrifEARInlH R4 0.747, #3) . 201
890U, BEEZLTE LB TR AR, FEAR I E A O K ) 2

®3 BHOAPATTER

Tab. 3 The result of the stepwise regression analysis
PREfL IR R&D A LE e b S 4L He BRI DESL GDP TR M i BRI 2% S LU TR
gy &S — 1.338" -0.498" 0.175"
AR 0.747" 0.293" — o
T *FORIE 0.1 KA ; ** 2R 0.05 B KFARE;
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=X ) . 3 4t JH &b
5 ‘/lél %‘%E\E FLEE lﬂ:l’i{j H ;'mj\@ﬁ IE GDP Tab. 4 The result of the regression analysis
[HACERN li&D # A5 GDP b H AR o TR AL ¢ Sig
i, T B A R SR UL, Al 2 e 0212 082 0419

FUA SRS 0 s %0 5 GDP L E S ReiERL IR0 i RE VR % B LU TR 0.120 0454  0.654
RIS AAEAE I B IE Mtk & TS A7 GDP LR 0.805 2758 0.011
(F24), i 5T EERE AL R&D A5 GDP L E 0.200 0.933  0.360
K. SRR EER ., B R [F— 1 M R R $=0.661,F=4.843, Sig=0.005

X IR REIERCR IR K 2, HAEH )

MTTERFE W R R 225 Wik, ARSI RSP, SRR X TT
SN R 2R S RS A TR AR

(1) BEUR X R o Rl X RE IR = R0 X A 45kt . K, V095, B,

VL AR MRS . EIR. fRESEHLIX . ARUERRIRISE TRAS R . XPANRA G RATRE L L SRR
ik, AL XA A3 AN B ARl | RRIRZE AR SR | (IRFERE Tl RS =2 H
i, R WA IX E ARG RE VAR, R WL AR mREEHIX, 78
() JEXANA G SR ah R X, it 152 5 5 GDP bl T E &4 (. BiR
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X) wigl, HXPNRGMWAAE R (BiE40%LL B, AT T HIIX RRIRZCRE ; R4 L
Pk R R F, s BRI T SR O A5 A LT A R A AR, (00K 20%, BLARAHE
DMK SARFERE L A S, SRR HABIRACR . 18D COHEMM T2 ] s PRI A1
N BREESAZIRRIN Tl BB R Pl ol . BE SRR EE M T A 6s
JEIG IR R IE N T - B IR B A R RO | A JEORE B AR i S 6 K AR
REr= kXA TE 2 E AR (0.50), 4B Ky s RE IR B th eIk (3£5).

RS 2009 FREABVUX ETUEIR K RER
Tab. 5 The indexes of the highest energy efficiency regions in 2009
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Tab. 6 The industrial structure indexes of higher energy efficiency regions in 2009
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Spatial-temporal variation of regional energy efficiency and
its causes in China, 1990-2009
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Abstract: This paper used DEA model and correlation method to calculate the energy
efficiency of 31 regions including Taiwan from 1990 to 2009, and revealed the
spatial-temporal variation. It also testified empirically the relations between energy efficiency
and the industrial structure, the energy consumption structure, the technical progress and the
degree of opening-up. Furthermore, the paper put forward the direction of policy-making for
improving regional energy efficiency. The values of this paper was that it had provided
advanced analytical tools and a research platform for Chinese economic researchers, also
offered policies basis for the governments. The results showed: (1) as a whole, since the
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1990s, there was a slow-growing trend of energy efficiency in Chinese mainland, but it was
still at the middle level and lower than Taiwan. (2) As stimulus, large-scale investment of
production factors played an even greater role in promoting energy efficiency than the
progress of science and technology, but the latter had a greater impact on the extent of energy
efficiency improvement. (3) In term of spatial differentiation, the energy efficiency was high
and stable in the eastern region, but it was low and decreasing in the western region.
Meanwhile, there was an increasing trend in the central and northeastern regions, especially,
the northeastern region showed significant growing characteristics. According to the sequence
from high to low, technical efficiency of the eastern region was the highest, and the central
region took the second place, the northeastern region was the third one, and the western
region was the lowest one. Scale efficiency differentiated obviously, the sequence from high
to low could be given as below: the eastern region, the central region, the western region, and
the northeastern region was the lowest that affected by the national market demand. (4) At
two different scales of the national level and provincial level, the suitability and contribution
of same factors showed obvious differences. At the national level, advance of science and
technology, development of non-agriculture industries, growth of foreign trade, and
dependence on coal were the main causes of changes in energy efficiency. Specifically,
development of non-agriculture industries and dependence on coal promoted the growth of
scale efficiency, while growth of foreign trade dragged increase of scale efficiency. The
advance of science and technology and development of non-agriculture industries facilitated
the promotion of technical efficiency. At the provincial level, only growth of foreign trade
showed a positive correlation with energy efficiency. (5) In process of promoting energy
efficiency in mainland China, three aspects should be correctly recognized, including
industrial structure, the energy market reform and the development of foreign trade. On one
hand, we should pursue development by taking a new road toward industrialization to
improve the industrial structure and preserve energy resources, and should be committed to
making efforts to diversify the energy mix and enhance the share of clean and renewable
energy in order to meet the enormous energy requirements in the future. On the other hand,
the proportion of energy embodied in the commodities China exports had been much higher
than that for other countries for a long time, which was a challenge to China's energy security
and sustainable development. From this point, in the medium and medium to long term,
carbon emission tax and environmental tax should be designed and implemented to strengthen
export control of energy-intensive products.

Key words: regional energy efficiency; Data Envelopment Analysis model; temporal and
spatial differentiation; causes



