5526 45 3 1]
2013 4E 6 A

IR ISSN 1672-0334

Journal of Management Science

Vol.26 No.3 86-99
June, 2013

REIRE MR RRINREGH

S5XBEFBK

EEE LM ON BEER B
| T R 2 S8R, 48 R 232001

2 RER2¥ BHE P2, X 300072

BEUATA FHPRBEARALTZ, AE W CDPABHE S BT E, A= S s
HEAERZFAFEER AL FASERER T, ATDEA F AL RAEHN AN EFHE
Fofb BRA AN A E G AR ERRA U, ERERZRG,E A A SBM £ & 2] §2000 F £
0I0FPHEEDRBEFAEFREARGARAL ;BB s MERELEE AR 2
FHATHRRAEZEZRWAERSETESHTEARREF A ERERAESGHRL 5 F 184
S5EREBFHEZAGLE, AL RAN HANA, TEREEFAEPREREG K
HERPFHHIR AR EZFAE, YREASBEIERN  RREFAERRBRARGHAL S #
BHEEFHRZINAEBA U UBHELR; LM AvEE RRLEHFITHA
MHERZFAEFRRBRARGHAALEIY 0, LAY ANHAELEF .

XA LR AR R G A SBM A SRR A H R R B L

hEYHS:F206 SRIRIRED : A
N EHS:1672 - 0334(2013)03 - 0086 - 14

1 5|8
FEENMMRE EAODRZHREFER, Rk
MERNNAA, ZAEFRHREER BERFARE
EARFHARTESEERHERZTF BHiv. B,
ERTERAAMFAN, NESTEEE FHERE.
B0 U, 7 S B4 B 4RS00 K RO BT 4R T SE A K TR
HEFRPEHEFNHLSURERENAERR,
Wit , 2006 F P E —EABAFRERE S BT
XE.KEMHAE -, HFESLRERSERN
229", 3 54 39 LA Sk o R B 2 K R A
AN R REIRTH R AR E VMR RAEHN Tk
0 38 T AL K £ T A B A R BE IR AR, R B
APEBESEEARSHEFTEY (N K/LH M
DFE)HM B ERENRE. T 52K E A E PR
AR IER SR, ME IR, T IR R
EPEYARIAE BRAMNERZ —. FHilL, 5%
FEEAMA BB BEGF MR =2 EMNE 3
KREEPEBRMEM &R RMEK ST 0 RF

WEBM:2012-08-22 BB B H:2013-03-29

doi:10. 3969/]. issn. 1672 - 0334. 2013. 03. 009

R TRAEZMILE MBS FH{HE

2 EXHARTER

fem Bl A E R — AR E R E AR
HRSRA BN TEWE K, X AL
SHEFS KR WFEHR=ESEAFR ., ZRE
KER EZSBEEHCERITRERREIIKA
HBZ— RO ELRERNEHEER, B0 % EHEK
R TE R AR R, R ST E A SIS RO TS BR A
B2— CERBFEENHIBMMARE. REE
BHEIERY, _HARFEENRNERS — EHR
WXKEFLRE BRAAZEFEERIRR. &
X 77 T A9 RT 5E R, R & BB 9 SR B KGR B A R
7 B B HE RO, B b T — O XA B R
B 5CDPHY LA, F R A B 3 40 B 05 4 B 5 B 38 A 9
g1 AE R SR BE 18 ORI SR AL 18 B, LU — 2P g it A
1l 8 o B A 22 B 7 BT I RE B9 AR IR B A 98 B AR AL
FE TR LA PT S B0R0 B HE A, 3F DL 43 B A At B A

BB : B &8 AL SR #0550 H (13YJC790136) ; [{ 5 H AR B 7 3k 4 (71071003) 5 R HUA B F 4L & B F AR 3k ¢

( AHSK11-12D017)

YEEE M IE5E2 (1980 - ), B, R, e b F O O, R0 B 1 b 0, 30O 22 BB TR 20 5 5 1 B e
BOE, WP BRI S B M B AT B . E-mail :klwang@ 163, com



53

e 6 : EIRE Pr RO B TIME SN S KA T K 87

i R R A A P R R TS Y MU SR RS R A R
RHEEAEREM. 2R, A U5 I8 & HE,
AN BRGR SR bR R A M L T 0, G = BE K3 45
BREEWREENREREG, DR AR
PR AERZ A A M AR, T E W o
T2t Al U5 PR 0 0 AE B R AR, DA T T 3G IE U R 45
B IR ED T T Mo R HE RGR BE L RE IR R B4
BERIEIRME, —MET2BEERE=HIENA
R EBB) R, % ERET Farell™ 3%
W FE B E 53 A A Chames %10 47 1 9 B4 2 %
T M EE R E, LN A E S Rtk
R B 35 55 2 B 9 W B . Zaim %' R A DEA J7 3% 81
i OECD [ 5% Y 36 55 47 238 3, JF 72 B w38 4iE 36
B P 2 08 Y o 2% R s Hu 21 K T DEA J7 3%
RUHSERBIRE(TFEE) §545 , HF R T E &8
WO AT 52 E 4 47 5 Hu 467 i Al TFEE 3 b5 i &
APEC HREMEBERBENE, FAMERETAHE
b b ( ESTR ) 3% — Fz B 1Y 6B ¥ Of 19 5E 4t 47 B 38 4%
Mukherjee*’ % Fj DEA J7 ¥ 5 3iF 9 & Ep B %1 3% b € 15
AR, 30K A3 W B B2 7 Bk e 56 RE R AR W R
HZE;Zhou " TFTHWMETHARER, KEBEAF
DEA J7 ¥ # 57 i If %k 2 Wl B L8, % OECD H 5 it
47 SE UE B 9% ; Sueyoshi %) g 5y 7 B DEA (S LA
HAFEaEgMNRIERENEERR FEWRE
LRz - R AR, FEKER Lo FRE
AR, LR BIR A A Nassiri 4" MacPher-
son Z(17] . Sueyoshi B 3 Xie &9 FER, P H
A KAk R A DEA 5385 v [ R IR 5 R 3 2 2B 1)
BRSO . B ST 8 R 5| A TFEE #5453 B &
B R R ERIT LI, TS AR R
F Malmquist 5 047t o B % 4 (0 BB U5 203 09 3h &
AR R ; 5 EF S ) B0 Bt vk A B IR B 5 e AF
i, 5T DEA J7 ikl B o [E & 4 000 B U8 2 5 3R
MFRUE, FELEMEESAEERMAMNE
FSI ARG MR I TS e = AR
MoSkmEE R A BER AN ERA™ T,
HF DEA FENEBIFEMN NS BEREBRYE
0 R AU GE G SE R E gk B & O 6R TR R A AL
Fpy P #E X, FF 2R A Tobit £ B 6 U6 AE IF 2 28 3 X
ERWERER; TES™ /M SBM FMEEE K
BUEASBAAWAEMERENE FE &4 0 H 8
BBRMARLERET=R, AW ARG KIE, HH
MEMAERRENRELEZE RN EE HITE
i RERED GaAXRBBEEHE KL MENSE
FHBRENMOCUEER, e - L FHEEHEHY
B4R - BLH FF DEA ¥ 55 4% S VF 4y M EY , I 4 i 52
TAE B UE AR BY i A Rt . X LB BF 5T 3 MK [R] 2 T Gk SR
S ER B A TR G E B IF 5 31 5 5803 ) & AT
TTHMARE. V. AHREBEETLEERELH
g% o0 [E gB IR A A& B 8

AT, BB BFIT M R 8 2 R i i 48 B R 0T AR IR R
ABRBAKINERELEEHAZ, KEERAET

BMFMAENRBME L, XM FHELAMT K
BT BB AR b b R, & S BOMCRVE A A R
HAmZE. AREMRERLE I THITHESRER
FAMES 2K ZE X RAPETR, 2B 5E AL
BeFHKkENZMPEHBREIAENARERRZ
— HERBEAIRENZRAM KR, Lk, 258
Fr G 0l o R A L TR R A0 Rk DL R
BEAEE A, %R EE 2B R L s R
HER = 4 B 0w, WA i — 45 i A fE OR A A K
W, HEFPEYEREEIRET LS EEAMNA
KEFML, WRESIIES P EEE O ER
FAMREEFHKZRAMEFHRRE, X FHEM
o 435847 BBV HE B A 8 LA TR R Rk 5T R Bk e HE A
FEXEK.

SR AHRESERLEEpREM L, E
F DEA J5 3k 58 SCRE IR ] F Y 28 5% 565038 A0 B U8 A T 9
55 G030 FRE UR R R AR IR, LK A R
SEREAMAREN N, R PERREFEK
¥ T I ok 0 HE 24 R, L Wb B HE B AR M 32 B 5 RB IR
R %8 T B AR o6, o A A Ttk ki B R O RE TR R
AMFEEmERIANRRERS, RAXLTIE
2 1m LJE M B R SBM 5 A 552000 4E 2010 £ A [H
4 0 1 BB 15 22 B SR R0 BB UR 3 B SR Ak, OF 4 B
F i} (6] i 25 8] 0 4k 8 T 43 B 5 £ 2000 4E % 2010 4
o &4 1 Y RE IR 4 T R0 A AR IR R B A R H 4y
48 BUVE A B R i, LA 28 7 38 A0 i A SC B o B
ENETR SEABEEZERMLE (EKC) B H
EEGTRSFHER, UERTESE BEEMN A
RS 2P K 2 R A B0 36 R, b M 36 8 AY I
FHIEML RIS LBKE,

3 RRAE
3.1 BERMREREN

Hu &' HRET DEA B HMNLEEZRER
MR(TFEE) B2 M B EEEAASRNERT
H, A& TFEE {5 s R EZE—F =W, S5~ 4,
WMEDPE T n(H %, h @R A M BE~H, EF
K, HEAMN AT F YR B EEM IR, KL%
FHIFEK A A= AN (s R =
SEHEEE) 91 A TFEE o, 3% HoE S8 3% 1B 3 55 3
Jiz By TFEE™ 5§ 35 85 2 3R T #9 TFEE™ | 5 T TFEE
BIP e, fERE IR R E Rl ek MRSk, [
NG ERAR TSR EEE, AW, BLOAHR
¥ £ % TFEE 5% [B 378595 4 9 TFEE B F % — 9 BF
REEZY, AT EAHH X 4B # TFEE, {5 2
HRIARBEHE , ARRFTETLERFEM DEA ¥
¥ GE SCRE IR 28 B 23R 0 AR IR I 5E S BT R AR IR A EE
Ehr, BikE LT,

(1) fE U5 Rl A A9 28 OF 3038, 16T PR BB IR &8 B Bl 38
(EEE) . %iEWM R ZE L= H EF =N, A%
BB 2 B o0 7E AR U R A O AR b PR A 0 3 B R AR P
HOREEZABRKETFAE, BROZERBBEA



88 B BB (Jounal of Management Science)

201346 A

MR FELaEgEfr=HBRb, RELF~HEET
SHERZASRNM, TEEENRE, FWRE XL
WEEES 8 — & R WBERL TR ERERES
WE—B,EHEXAR, #—8&E" REMNERSZ
WHRERMATEHEREONSEGEE, B EERE
AR AR B /M, SERR R AR R B B A BOR .

(2) /B IR A A 9 36 5% 41 20, &7 FF Bk IR 35 85 G 3l
(EEP), s E R L 2% B A KA KW TFEE §5
b, HANEEREAMAEA B RAEEF =, A
Al R IR AN E R, BT RER . &
WEARZGEWIMIAE —. H T b F2 ik %845
HE, AMREAFRELFFPAEHNE S o
EATE f A
3.2 SBM@E#®

A2 i b [F & E () EEE F EEP2 AT 58 1 3L 1l
T, EPHEWNEBREFEZE, BN EERHA
Fp Tk, — R RIKE LG 09 05 5 B 45 & DEA J7 ik
MBREFRNE, 5 —FREFERMENRA Chung
%[R]%Hjﬂﬁf[ﬁjﬁﬂﬁﬁ@ﬁ(dimctional distance func-
tion, DDF ) , i iR BT LAFEAS [F] /Y o5 & 7 9] SE SR A
frEd R AR, S TR RRAREAR T
GERUHEBESEFRMGERFR. BE, £iB
T B AR 2 H 4% | By L 7 BE ) DEA ik B BE
BERE YFERASES = ARREN, IEAERA
A= AR Z A 5tk i, R A2 15 DEA J5 B W) BE £ B
B TR B 0 R ROER ;T 2 T A DEA JF B A AL
EREHTLERANZEEBAMEHHAAITE, F
PEMBEEREAMET , AT X B,
Tone'™ #2 14 — F 27 £ 19 DEA LAY, B SBM ( slacks-
based measurement ) A, X E —Fp T IR M IEMH
FER) DEA R T X RB|ARM=HBRBERENTF
7E, FL AT LA ) B DA B8 A F 7= P AR BE SR R RREE
Pr o BB E A E W WA AR RS R, Fukuyama
S0 F Y 4R W 3T SBM 7 1) 44 BE B BB B
BB PBEH I ET RS A RSB S, H 2
WEIRERZEM RN BT, SRR,
A WF5E R F i SBM £ %I 1 SBM - Undesirable # %I 2 7]
L F Ffl DEA-Solver 3% {4+ H #: 1+ E 8 2, 7T LA % &
REE R R M At

%t F EEE R B , 4 BF 55 R A Tone'™ 42 1 19— M
SBM #iH), X W AEE, X = (x,x,,x,)
Ry \m N ATERFE  h AREETHEY A E
W R Y = (31,05, ,0.) e RV on 9 7 i 46 43
P, A ARNERAKME A=0;s HEANHE,
sT=0;8 R P MG R AR, sT=0, M FFIER AT
EEE # i B 2520H

oL
i

n &t ¥ (1)

Hop EEE, N5 vFa R BT REIRZ T 23R 0 N
FIEERRETHBARR, % = (%0, 0 %00) s o H
RITERFERITMTHREE, ¥ = (Fo, Y )5 A
B MR ARTRMIE, s NE AR
Wi . X4 H{XY EEE, = 1 B, B PR B o0 A 2, i
s7=0,5"=0, XBE—MEERE, BFRAM> T
Fasb =4 ;& O<EEE, <1, M Z ke KBTI EA
o

N T REEE R e AR L A b 7 AR B TS 3 1A 4
36V 15 £ , Tone ™" %it & ¢ SBM 88U 347 45 1F , 47 H 2
TFAEHAEE ™= 49 SBM B U | B) SBM-Undesirable & %l ,
AR R EERNEEEP, 4 Y N EE H B,
Y‘=(.Pf,y§,”',.\’§1)ER"J“,RI,’?‘J%Q?"&H?W%@;?

RAEMEHERE, Y = (3,5, .0,,) e R n, R

W R, PP ISR BT EEP 1IN BE 22
B2

3.
i

1 -

M

%io

=g~

min EEP, =
1+

5
r

=)

Yo

&

1 i
n,+n2(zl‘ +Z.‘

+

Ly

|

(2)
soto xg=XA+s87, yE=YPA -5,

ye=YA+s", 57 =0, 55=0,
s°=0, A=0

Ho EEE, N5 FH R REIR IR BT S, s N
BHIEERER BN RER s N IEEREK
B A E T B R . Y H{UHEEP, =10F, B
s =s"=5" =0t , R ILIE 2B WE; HO<EEP, <
1, R B IR AE TR .

B (1) A A (2) A ok F AL M At
AMAEREE EBRITAERMAE, RMEREE
B AR R, WERNKPHEMETFEALNEM
L HE M, W E 4L SBM AL Hi B sl p A RY L, E Ol B
fifm &, OFEA=1, 0 MR #0219 SBM # &I,
BT (1) KA (2) A Al AR B, B R =

B AREOR ;
Vit R DAEA <1, BUBLIR I 1) SBM L

B QA EA>1, R S IR % 1 iy SBM AU, 4l
AR R EE R B E P onH R K B
JE B 5T R 28 0 AR 7 O B R e, R R A R
(SR D0 B s & 3:08 2108

H T A I P A O AR UEAR 4R T Y 1
B AR 29 B R, % 58 AR URM FH B9 BOR A Sk A AL AR
A RN AT — B ¥ EEE R EEP 57 ff 3 2 B AR 3K
RAMMB R KRBT, ¥ EEE K B 53 % 16 3L
Py 68 U5 22 5F 4l B0 R 3% (EEEPTE) 71 RE I8 28 B LB
%% (EEESE) , ¥ EEP ¥ Wi > 41 % 45 85 o B8 U8 3F 5%
S $7 R %3 (EEPPTE) # fiE I8 37 558 ML 3 % (EEPSE) ,
i

EEE = EEEPTE - EEESE (3)



53

e 6 : EIRE Pr RO B TIME SN S KA T K 89

EEP = EEPPTE - EEPSE (4)

4 BE EEANNE

MTHRXEERITERER, ZHFRXEEHN
20004 F20104F, L H28 A 3 (BLFEH 1T VX,
GBI RNR. ATETHEMNER ERA
AP R TG EE LRI AEEE o
T Z A, #8357 BOR BT A B AR
AR PR = A X, AR AR X A b B, K AL
L, Bl L9 WL & KRR, PHEKX
AAFEWT HFAR R LB LT e B
B, A R AR R RN S B
B.HN 7. TE B A TEAHRRETRER
A BRBHE AT EREERERLTTRE, Bt
DA FHMEBRARAZTR, HFEMHCOP YR
e AR, DA R AR AR R A, &
MABFEMT. ORAHLA. 2F5CHBFRMNM
B URAFEENTAR AR, & T Lk E %
RAESEORAFERE, RAKRSESEFEREST
a5, A58 B R AR B BE AR MO BR ST LR R 1R IR
2000 £ A 728 H 4% X 2000 4F 3 2010 4F % 4 Iy A7 &
HETBRE . QFHBEA. —BIAN, 57 30w 5 R
A 155 57 45 BN 7 TR B0 T LA SE G b R R 55 3 %
A B R i T 2 IR T B AR AR A T TH B R R .
A, AHFRRAEE B =0 stk N BEkR S
A, OTBA. BEREEF IR - FHER
MBAZER, A MEFR RGN ERERR, RIE
ZEMREBE . AMRUEEOHHNRERERSE
ERBERA,FHTHREITE. QBHE>E,
TE AR A K BB B SEUE BT 5T P X 3 2 A o R AR
A —, — R A INEE X ERE R, i X A~
BB GDPER Tk 3% hin 8 . A< BF 55 LA B & 45 £ GDP
W P AR i, 3 % L2000 4F R AR 4 48 BF 4T O B
RS ORK—2tE. @EPE™ ., ECH
MATAREMEFHNEERHEBRKR, TR
— MBI RY, LTRSS E X EME R
Pro ABEFER T M A A Z AL S & B
KZE KR, Br A #4400 8 i 2 18 4 4
HEEHAREER., d T&E M _AemAiER
BEREEENERE T FERE, AR LA
REURIE SR B xS HE AT, B — Rk = &
BRAEURIA Bt B x iRIT B R x S\ MU R,
BTHMBRERAFERER AWM XA, RITERE
K R & 2% A IR BT 5 BT R AE 1) 3R 0. 670, =K
SRR ERETLAMRI —AAKZES
ZHIB REZ W, BiFHER3. 667 (Bl 44:12) . AR BF 5
A5 B BE AR 4B 2001 4E 2011 4E (P E G HEL) L (F
ERERGITFE) MAE MR T F LB,

5 SLIEBRAW
5.1 EEE.FEP RRDBEENNEESR
AR 5T 52 I 4 B 3% 5 B9 X (8] 42000 4F F 2010 4,

ZE R EAFEHAT —REFHEKH, Tk
M et AW, Fef X — it R EFE
BIpgtmt . @28 8 hkkex, RA
dE42 1n L 3E f BE B9 SBM K Bl i 8 3 o [E 2000 4 &
2010 4 & 45 13 1Y BB U5 22 BF 280 3R 0 Rk U5 39 B 43, 9F
BHMABER GRS RER. T HRR
B AR g i 2 DA B 0 2R 48 B0 A L e 1) R, R R A
NEBBHEHMBATHBEERILSHHSEHAR
O TR AT AW, &1
FE 1 ~ 8 45 H20004E 22010 EFEEH MBS =K
i X EEE \EEP J% $ 4% i 35 ¥{ EEEPTE \EEESE [EEPPTE
M EEEPSERI ¥ H L R B BEEBH .

W 1 FFm , 20004 522010 45 o [E i I8 503 K ¥
34K I A , EEE 1 EEP 1y °F ¥ { 4+ 5] B £ 0.569 F
0.475, M3 FROERHE FER KW Btz 6, BER A
HBRABEFRANAR T HE, GRANBREZHZ
AALBRHE A T B R, & & I EEP I B AR T
EEE, FH B GBI MWECEEEMEE L&
i T 2 B £ 70 /9 Bk UR R A K7, T 51 OAC B 58 AR 1
EEPI BENEMAMMBMELER . HE 1 FES 7]
H,4 EH V¥ EEE 5 EEP LB H K BRI —3,
BT BB ERBE TR, KEEFHHRTFT
R E AR B AR, FHERKRESNEEA
0.522% #10.693% ,2005 4 L) J& , EEE #| EEP {) # 7t 3£
AR, XEESER +— 1" FR P HE
EH TR AR A X, EP RGBT
T, HEHEESHEAF MR T2, SEEEH
WL EEPRIR T EEE R, MK ETFAEALZE
ZWANL , RIEFMARFREREAHES, P E
RV -2 -HEREN AT FEhAREREIH &
R

¥ EEEFIEEP 5} ff R Ai R R MM A B
FHRELYANPEMBEZST FELRRBEERA.
M3 1 B o5 , 20004F 5 20104F | 4 [5 EEEPTEFI EEESEL)
SF- #4311 0. 666 F10. 836, EEPPTE #1 EEPSE (¥ ¥ {&
5351 40. 576 F10. 829, KA afi 5 R 2 R4 W B /b F
MR RER EE, ERPERBREARER TN ER
FEEE TaisARBETmE, BPH AR 8 G
BERER MM ECEEE AN, At =6F
PR, o o o B 28 B A BB U R FH K E R TR BB
B—HRE N THRERAMENY X, EWE RS
BHR N EEEESRE, BB MES T, R
BN E EEEPTEMEEPPTEX KE ER LT .5 L
Tt i A8 4k # , 112006 4F g % 47 25 . 2000 £F 522005 4
MEeEBEIKNS , EEEPTER EEPPTEY) 2 Fe 8t TS
B, XEHFAMEML R, PEFHHFEA2I —
RWAETHERY, Wl # R R EFE MR, BIEE KR
gk RN BEEMREE RN T, E T
SFIEH 2B, R okl M8k & KB T
BRI RB T CEEZRE. AW, X&Tlm
TREBHEEARUR AR . LZEE R EKRIE . &3
HEMRTERREEHALEEGIAREAUE, BH



90 HHER2¥ (Journal of Management Science) 2013 4£ 6 H
+T1 2000 FEE2010 FPESAD. [.000
= X '
CAMEENERREREIRIER gt | B .
Table 1 Average Energy Efficiency and / ________
Its Decomposition Indexes of Each Province in China and R 0.800 T
Three Major Regions from 2000 ~ 2010 fu 0.700 F==~e__ / EEEPTE
TRl i U (R
EEE EEEPTE EEESE EEP EEPPTE EEPSE B 0.600 §/_</"'
= 0.500 | EEE
Jb 5 0.780 0.855 0.909 0.728 0.817 0.882
0‘400 1 1 1 1
Fok 0.720 0.914 0.785 0.616 0.844 0.727 2000 2002 2004 2006 2008 2010
R
Ak 0.514 0.534 0.963 0.394 0.414 0.952 B
W7 0.471 0.539 0.876 0.340 0.397 0.861 B1 P8 EEE RROMEBHNTLER
Figure 1 Evolution Trend of EEE and
NEEH 0.493 0.624 0.818 0.369 0.505 0.784 Jts Decomposition Tndexes in China
I 0.645 0.678 0.953 0.507 0.540 0.940
=7 0.543 0.638 0.855 0.431 0.527 0.822 1000 I
BT 0.632 0.691 0.915 0.509 0.575 0.886 0.900 F_..---""~ EEESE
i EEEPTE ... e
Fi#  0.865 0.908 0.950 0.814 0.865 0.936 2 0800 J
T 0.728 0.762 0.956 0.664 0.694 0.958 % 0.700
EEE
HIT 0.716 0.740 0.969 0.648 0.677 0.957 0.600 |
2 0.512 0.569 0.900 0.416 0.479 0.868 500 : : . .
2000 2002 2004 2006 2008 2010
Fi7y: 0.743 0.811 0.921 0.693 0.784 0.891 R
PNl 0.582 0.682 0.857 0.496 0.629 0.797 H2 RSiE EEE REARERNS KR
% 0.622 0.646 0.964 0.513 0.535 0.959 Figure 2 Evolution Trend of EEE and
Its Decomposition Indexes in the Eastern Region
g 0.516 0.540 0.958 0.414 0.441 0.940
WAL 0.659 0.718 0.919 0.542 0.611 0.891 1.000 ——
0.900 F g
WIS 0.576 0.624 0.924 0.471 0.530 0.893 4o 0.800 frsigad? N EEESE
7R 0.925 0.948 0.976 0.905 0.935 0.967 fgﬁ. 0.700 | -/ CEEPTE
J°P§  0.556 0.644 0.868 0.462 0.573 0.815 O s
g 0.396 0.419 0.944 0.301 0.323 0.928 0.500 | N\ g
’ 0.400 ] : : :
HEM 0.315 0.406 0.780 0.227 0.305 0.758 o0, Ghm  Ghod BDW  Bhs aib
] 0.453 0.530 0.856 0.353 0.434 0.818 ERE
[} 0.469 0.549 0.854 0.375 0.463 0.813
B B3 hBMXE EEE RESRIBHNSHLER
Hl 0.458 0.638 0.744 0.343 0.534 0.686 Figure 3 Evolution Trend of EEE and
=i 0.325 0.804 0.413 0.236 0.719 0.346 Its Decomposition Indexes in the Central Region
o 0.410 0.540 0.763 0.307 0.424 0.730 A b 9 BB W HE B & B8 A S 9 R B 3 3N E T R
B, [6] B AT HR X 2 I £
REHEX 0.726 0.780 0.935 0.648 0.710 0.917 % E_TE% +\ AL Eﬂj%ﬁbﬁﬁ 129K
MR, AEA MK RMEEE G HE,
PR 0.561 0.625 0.901 0.453 0.524 0.870 FHEMYHFAENEE TR, B2 T HEZR
FERSLX 0.417 0.585 0.748 0.319 0.484 0.707 ™, EEEPTEF EEPPTE T 1 ) 5 3k 2 T 18 2 i& il , JF
3 -5 EEEPTE #1 EEPPTE , 4> [E EEESE
4£H 0.569 0.666 0.836 0.475 0.576 0.829 BELSEFH .S & ik, =8

FEEPSEfE BN FHI N — EMER G217, RS



3 ErR % BRI AT AR R RS S KA K 91

0.900 1.000
EEESE ] EEPSE ~ _ __----1

0.800 f / _‘5___ ————— 0.900 | /_ _________

2 0700 ey o= 2 0800 F~ee”77

3 E EEEPTE %=

o 0600 F el / ) s 0.700

ﬁ 0.500 ﬂ—/ & 0.600 “--..._.‘_\\h / EEPPTE
0.400 0.500 B Tt R ]
0.300 L 1 1 1 0.400 1 1 L X

2000 2002 2004 2006 2008 2010 2000 2002 2004 2006 2008 2010

I

B4 ORNEX FEE REDREHNSHER
Figure 4 Evolution Trend of EEE and
Its Decomposition Indexes in the Western Region

1.000
0.900 |
0.800 e
0.700 F

S

0.600 ~~

EEPPTE
___________________ P A

0.500

0.400 A
2000 2002

2004 2006 2008 2010
FIE

BS5 PEEEP RRABEBNEHKER
Figure 5 Evolution Trend of EEP and
Its Decomposition Indexes in China
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Figure 7 Evolution Trend of EEP and
Its Decomposition Indexes in the Central Region
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HRERNRAENEE —HET% EH ENRE
BERRREB AT, &5 0y K BB R R A Ok B
H B R PR BT B UE A A AR AR ]
B, X A~ 45 SRt 2 B X T b E R K OR 3 B A R s R
WEBEAMREIRARET,

@ 515 F| Fi Xt EEE \EEEPTE ) % Wi . 3% H 1E , &
AR EHERKBEFRS T EMEEF A KK
I H A7 B A BAR L B i RN L SR T, A B
| Fi %t EEP .EEPPTE .EEPSE #1 EEESE (¥ % W #l & 20
TEAEZER  H A, 405 F) %t EEPSE A 35 &9 12 it 4k
X EEESE )W BN IE HEBH R R EE
i35% KB B K5, %t EEP EEPPTE () & W 7E
5% MK E THAR RS EEHEER. @
WL ARG ARKRTHESFRESN, E—ERE L
R T UM ARERENRA S —FERiEn,
S0 5| A Xt B EEP fl EEPPTE () 8 Wi % ¥ 5 &2 , 1E
IR A B B, B PR R R A L SRR T TS Yk
T B FEBREAEET,FENSKAAFLER
ZRMRXER, XA #9465 R A K I T
T o 75 3 4 K 45 63, R 40 95 A A A R A B
MMM ESEEEANEERRAIF AL, &
ok, EA LY BUF A T AT I8 SR 2 5T HE R A
B, K 515 B i B E A R B AL, B O 5
HAMTBRHERBOIETE, B FEEEHE
AR, FEGBEAREER™E TR, ERAEE L
M T £ EEEP fl EEPPTERI 2T .

6 %5ip

2 75 F A 3B 42 15 . JE /3 B A SBM A B X 2000
4E 2010 4 o [ 4545y 19 B IF 28 B 20 5% 0 B U 35 5%
B 3503 AT U B, 2 T ) A0 A () N R OB T 4 AT
SR BT 3R B B 25 18 ok ih £k SEE R 38 B U & UYL
R EERRAUESEFHERZIANXR,BIUT
it

(1) 2000 4= 322010 4% , 1 [H28 1~ 4 i /) F ¥ EEE
1 EEP 3B LA 0. 569 F10. 475, 305/ I 318, K B
A 2 AT RE IR A K P AR D Bk HE 8 R
ELHREBHERRE R, R ERATERR,

(2) PEHBERAERRA ZTEZH TRMO M
ARBOE, N 37 R HEE R L 1B EE K hn
SRR ERGE FAESM I/ERNE &, MM
BHECHEERKEKATF WEBEEEHENERRE
AR AN TEFAREDTELF S
M, MARES5 EREFERLI,

(3) PEAR X HAEFERERAMEMN R
FEIE, R M X EREE TP EHBEX, ERH
PEEESRRANRE AR, P AR
RMZErE, BT EBEMNAEEKFRT
M EERA.

(4) PEEEEEEPS5 & MK Z HEEH UK
Bk % 2, B 2 5048 (60 B 3 18 oI 3 5 9 45, B Bl
HFEWHK BENERAT TR, PEZFHHS X
J& B TH I AR R ok 30 B R UR 5 R 35 0K % . EEEPTE
SRR ZAEE URMEXR, 2 R LBIH
fib fir A 4 G A Ak F iR 42 19 F B B B, & B 1 A B
B A EABTHM, EEPPTES ¥ K b fF
EURMERXR,HERE N EE,. EEESE FEPSE
S5k ZAZBUEHEXR, BE2HEHE
B  ARREFREHFABEEN, = hEHm. A
H % BE L R URL45 0 70 4 B8 I i 6B UF & BF 2 3R o fE
BRREGH R RIEEH AR, (22w h
B hRMEERFEER.

AMELELEUTRER.

(NEhEERERBELURNEZKH ALV
R IR E, S E R IR A
AR EEERESSFEYBER,
WREZFER FESTASHERP P LR RE
-1l , B 95 A EKC iR iy “ a Bt .

(2) 4k 22 Jim <5 68 0 HE 4508 i B R B 37 o BE L
KT S A8, AR S] T N B A S B B A S
W IR T REERE S EIERESESE, -5
HOFSR R T NS E, LR HREL
BHRYEEMBEIRATIE.

(3) bR B2 G55 G v HE B 2 MR, BURF LA 5 24
FEFE 177 0% 2R S5 s 0 AR EHE, B A BR BL L BRBE LA
25 02 5 ISR SE PR IR B R AR 3 ER AL, 58 3 TS Y HE
WSS, BETEREENE S EE,

(4) hE IR, & KK R & %R ER .
BERKFMTHAELEREE NN REEES LR
Kk & B AbnifE E LA R MR, B, H T 5%
AFEEFSROEN, LAEFEARRXRMN S T
564 M6 E SRR, 27006k EF SR
% .

Rtz 4h, B AR A E B R Tk fbiE B L3R N
EHRFEMBATAR BT VEFEAARZ L
R K %R 5 At R BB R Rk B e 4
BT AP A RS, X SR 12 1 2 R 8 o [ RE U A AR
RRAERA AR S B

SEVR:

(1] xiip RS FEEORSPHESRESR
[J]. EPr % . % 5h 2 5F B 5 K224, 2011
(5):54-62.

Liu Shuai, Qiu Xiaoling. Embodied carbon emission
in China's export trade[ J ] . International Business ,
2011(5) :54-62. (in Chinese)

[2] Kaya Y. Impact of carbon dioxide emission control on
GNP growth : Interpretation of proposed scenarios’
[R]. Paris; IPCC Energy and Industry Subgroup,
Response Strategies Working Group , 1990.

[3] Mielnik O, Goldemberg J. Communication the evolu-



53

e 6 : EIRE Pr RO B TIME SN S KA T K 97

(4]

[5]

(6]

(7]

[8]

(9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

tion of the * carbonization index” in developing
countries [ J ]. Energy Policy, 1999,27 (5):307 -
308.

Zhang Z. Decoupling China’s carbon emissions in-
crease from economic growth: An economic analysis
and policy implications [ J 1. World Development ,
2000,28(4) .739-752.

Dietz T, Rosa E A. Rethinking the environmental im-
pacts of population, affluence and technology [ ] ].
Human Ecology Review 1994 ,1(2) :277-300.
Wilson B, Trien L H, Bowen B. Energy efficiency
trends in Australia[ J]. Energy Policy, 1994 ,22(4) .
287-295.

York R, Rosa E A, Dietz T. The ecological footprint
intensity of national economies [J]. Journal of Indus-
trial Ecology ,2004,8(4) :139-154.

Farrell M J. The measurement of productive efficiency
[J]. Journal of the Royal Statistical Society ; Series
A, 1957,120(3) :253-290.

Charnes A, Cooper W W, Rhodes E. Measuring the
efficiency of decision making units [ J ]. European
Journal of Operational Research, 1978,2(6):429-
444,

Zaim O, Taskin F. A Kuznets Curve in environmental
efficiency : An application on OECD countries [ J].
Environmental and Resource Economies, 2000, 17
(1):21-36.

Hu J L, Wang S C. Total-factor energy efficiency of
regions in China[ J ]. Energy Policy,2006,34(17) ;
3206-3317.

Hu J L,Kao C H. Efficient energy-saving targets for
APEC economies [ J |. Energy Policy, 2007,35(1)
373-382.

Mukherjee K. Energy use efficiency in the Indian
manufacturing sector ;: An interstate anaysis [J]. En-
ergy Policy ,2008,36(2) .662-672.

Zhou P, Ang B W. Linear programming models for
measuring economy-wide energy efficiency perform-
ance[ J |. Energy Policy ,2008,36(8) :2911-2916.
Sueyoshi T, Goto M, Ueno T. Performance analysis of
US coal-fired power plants by measuring three DEA
efficiencies [ ] ] . Energy Policy , 2010,38(4) : 1675~
1688.

Nassiri S M, Singh S. Study on energy use efficiency
for paddy crop using data envelopment analysis
( DEA) technique [ J ]. Applied Energy, 2009, 86
(7/8) :1320-1325.

MacPherson A ], Principe P P, Smith E R. A direc-
tional distance function approach to regional environ-
mental -economic assessments [ ] ]. Ecological Eco-
nomics , 2010,69(10) ;1918-1925.

Sueyoshi T, Goto M. DEA radial measurement for en-

[19]

(20]

[21]

[22]

[23]

[24]

[25]

[26]

vironmental assessment and planning : Desirable pro-
cedures to evaluate fossil fuel power plants[J]. En-
ergy Policy ,2012,41(C) .422-432,

Xie B C,Fan Y, Qu Q Q. Does generation form in-
fluence environmental efficiency performance? An a-
nalysis of China’s power system[ J]. Applied Ener-
ay ,2012,96.:261-271.

BE, LW BENESHBRET R . BT
DEA KA PREE L8[ T]. Bk L FHER
25 5 WF 9T, 2007 ,24(9) :110-121.

Wei Chu, Shen Manhong. Energy efficiency and ener-
gy productivity ; A comparison based on the panel da-
ta by province [ ] ]. The Journal of Quantitative &
Technical Feconomics, 2007,24 (9);:110-121. (in
Chinese)

FHMA,AEN. PELERBENEESHN
SLUERFFELT]. R4 T#,2008,26(7) :74-80.
Wang Qunwei, Zhou Dequn. An empirical study on
the change of total factor energy efficiency in China
[J]. Systems Engineering,2008,26(7) :74-80. (in
Chinese)

S5, A K. ET DEA [ fiE U5 20 % VE fr B A
BroE[T]. & E A2 ,2009,22(1) :103-112.

Wu Qi, Wu Chunyou. Research on evaluation model
of energy efficiency based on DEA [J]. Journal of
Management Science, 2009,22 (1) 103 - 112. (in
Chinese)

TR . BEE. BN BEAFEHNHPEE
FremRaEEMEMTII]. B EHA %, 2010,
23(6) :100-111.

Wang Keliang , Yang Baochen, Yang Li. China's pro-
vincial total -factor energy efficiency considering envi-
ronmental effects [ J ]. Journal of Management Sei-
ence ,2010,23(6) :100-111. (in Chinese)

R ORER, BB PEXEFREEESH
REERETRHERII]. &5 %R, 2010,45
(5):95-109.

Wang Bing, Wu Yanrui, Yan Pengfei. Environmental
efficiency and environmental total factor productivity
growth in China’s regional economies[ ] ]. Economic
Research Journal , 2010,45(5):95-109. (in Chi-
nese )

RO, WHEF XN —MHNHEEHE>
HadER m - W H#s DEA R [J]. EHF
2 ,2011,24(4) .113-120.

Song Malin , Cao Xiufen, Wu Jie. A new non-radial
and bi-objective DEA model considering undesirable
outputs[ J ]. Journal of Management Science, 2011,
24(4):113-120. (in Chinese)

EE, KR, K. FHARTHIEHEARSE
KRR BELUENRIE[I]. £ Fi8,2011(4) .
31-43.



98

B BB (Jounal of Management Science)

201346 A

[27]

(28]

Wang Bing, Zhang Jihui, Zhang Hua. Total -factor
energy efficiency and influencing factors across prov-
inces in China in the presence of environmental regu-
lation[ J ]. Economic Review, 2011 (4).:31-43. (in
Chinese)

B0, B, BEIRBOCRE LR B R
W RE T [J]. o E A, 2010(1) :128-137.
Wei Yiming , Liao Hua. Seven energy efficiency indi-
cators and their measurement approaches[ J |. China
Soft Science ,2010( 1) :128-137. (in Chinese)

Chung Y H, Fire R, Grosskopf S. Productivity and
undesirable outputs ; A directional distance function
approach [ J ]. Journal of Environmental Manage-
ment , 1997 ,51(3) :229-240.

[29] Tone K. A slacks-based measure of efficiency in data

[30]

envelopment analysis[ J ]. European Journal of Oper-
ational Research ,2001,130(3) ;498-509.

Fukuyama H, Weber W L. A directional slacks-based
measure of technical inefficiency[ ] ]. Socio-Economic

Planning Sciences 2009 ,43(4) .274-287.

[31] Tone K. Dealing with undesirable outputs in DEA ; A

[32]

slacks - based measure ( SBM ) approach[ EB/OL].
fip : // 220. 130. 147. 155 / UndesirableQutputs. pdf,
2003 :1-17.

BEA. PEFEASFE K MM 1952 ~2006
F[T]. MBZFH AR %G F55,2008,25(10)
17-31.

Shan Haojie. Reestimating the capital stock of Chi-
na ;1952 —-2006 [ J]. The Journal of Quantitative &
Technical Economies ,2008,25(10) ;:17-31. (in Chi-

nese )

[33] Tulkens H, Van Den Eeckaut P. Non-parametric effi-

[34]

[35]

[36]

[37]

[38]

ciency , progress and regress measures for panel data:
Methodological aspects[ J ]. European Journal of Op-
erational Research ,1995,80(3) :474-499,

Grossman G M, Krueger A B. Environmental impacts
of a North American free trade agreement[ R ]. Cam-
bridge , MA ; National Bureau of Economic Research ,
1991.

Selden T M, Song D. Environmental quality and de-
velopment ; Is there a Kuznets Curve for air pollution
emissions? [ J]. Joumal of Environmental Econom-
ics and Management , 1994 27(2) .147-162.
Kaufmann R K, Davidsdottir B, Gamham S, Pauly
P. The determinants of atmospheric SO, concentra-
tions ; Reconsidering the environmental Kuznets Curve
[ J]. Ecological Economics ,1998,25(2) :209-220.
Hettige H, Mani M, Wheeler D. Industrial pollution
in economic development ; The environmental Kuznets
Curve revisited[ J ] . Journal of Development Econom-
ics ,2000,62(2) .445-476.

Perman R, Stern D 1. Evidence from panel unit root

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

and cointegration tests that the environmental Kuznets
Curve does not exist[ J]. The Australian Journal of
Agricultural and Resource Economics ,2003,47(3) .
325-347.

AR, ZER, F£E AFK. FREEZE
FMEREFEAORRI]]. BFEFHR,
2005(3) .48-54.

Zhao Xikang, Li Jianmin, Wang Jinying , Zhou Chun-
qgi. Study on the EKC and its test in China[ J].
Nankai Economic Studies ,2005(3) ;48-54. (in Chi-
nese)

EHEREE,BF . BET. AR ELE
ExRMABRBEHRIEI]. PEAR - BES
FF 1% ,2007,17(2) :40-47.

Wang Zhihua, Wen Zongguo, Yan Fang, Chen Ji-
ning. Verifying the environmental Kuznets Curve hy-
pothesis and its conditions in Beijing [ ] ]. China
Population , Resources and Environment, 2007, 17
(2): 40-47. (in Chinese)

TN, REE. KT BRI P E EKC
R[], Gt #F5E,2011,28(12) :66-71.

Su Weihua , Zhang Chonghui. The inspection of EKC
hypothesis in China based on heterogeneity [ J ] . Sta-
tistical Research,2011,28(12) :66-71. (in Chinese)
Richmond A K, Kaufmann R K. Is there a turning
point in the relationship between income and energy
use and/or carbon emissions? [ J]. Ecological Eco-
nomics , 2006,56(2) :176-189.

Lantz V , Feng (). Assessing income , population , and
technology impacts on CO, emissions in Canada;
Where' s the EKC? [ J]. Ecological Economics,
2006 ,57(2) :229-238.

Bhikr. FEFERES 2T REHRFR 0
LRSS HA [ T]. 2 5, 2000,26(10) .
53-59.

Lu Hong. An analysis on China’s economy develop-
ment and on statespace model of environment : Take
air pollution as an example [ ] ]. The Study of Fi-
nance and Economics ,2000,26(10) :53-59. ( in Chi-
nese )

PRAF SR , 35 22 3. o E S ALK 1 368 R 2508
KHMATREEWEAEXIHI]. FHER,
2009(4) .27-36.

Lin Baigiang, Jiang Zhujun. A forecast for China’s
environmental Kuznets Curve for CO, emission, and
an analysis of the factors affecting China’s CO, emis-
son[ ] |. Management World , 2009 (4) :27-36. (in
Chinese)

VIR, AR B 5. o [ B HE il 26 5% B 2% 08 3k
KR LUERT S - ETEHREREIEI]. FEL
b 28 5 ,2010(5) ;:37-47.

Xu Guangyue , Song Deyong. An empirical study of



553 4 e 6 : EIRE Pr RO B TIME SN S KA T K 99

the environmental Kuznets Curve for China’s carbon [J]. China Industrial Economics,2011(2):79-88.

emissions ; Based on provincial panel data[ J]. China (in Chinese)

Industrial Economies ,2010(5) ;37-47. (in Chinese) [50] Cropper M, Griffiths C. The interaction of population
[47]) =2 HE ., Z22H. P EH S /b X &2 growth and environmental quality[ J]. The American

SRAOEWERAEI]L.PEAD - BHESH Economic Review , 1994 ,84(2) :250-254.

3 ,2010,20(5) :22-27. [51] Hatzipanayotou P, Lahiri S, Michael M S. Can cross-

Li Guozhi, Li Zongzhi. Regional difference and influ- border pollution reduce pollution? [ J]. The Canadi-

ence factors of China' s carbon dioxide emissions an Journal of Economics/Revue Canadienne d'

[J]. China Population, Resources and Environ- Economique , 2002 ,35(4) ;805-818.

ment ,2010,20(5) ;22-27. (in Chinese) [52] Copeland B R, Taylor M S. North-South trade and
[48] Managi S, Jena P R. Environmental productivity and the environment [ J ]. The Quarterly Journal of Eco-

Kuznets Curve in India[ J]. Ecological Economics, nomics , 1994 [ 109(3) .755-787.

2008 ,65(2) :432-440. [53] Akbostanci E, Tune G I, Tiiriit- Asik S. Pollution ha-
[49] M8, 8. A E Tk 3 55 20 %8 B0 PE 22 18 2k i ven hypothesis and the role of dirty industries in Tur-

R[], P E T2 5,2011(2) :79-88. key's exports[ J ]. Environment and Development E-

Yuan Peng, Cheng Shi. Examining Kuznets Curve in conomics , 2007 ,12(2) :297-322.

environmental efficiency of China's industrial sector

Energy Economic Efficiency, the Energy Environmental Performance
and Regional Economic Growth
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2 College of Management and Economics, Tianjin University, Tianjin 300072, China

Abstract ; Taking capital, labor and energy consumption as input variables, the GDP of each province as expected output varia-
bles, carbon dioxide emissions as unexpected output, this study defines two kinds of energy efficiency indexes, namely the energy
economic efficiency ( EEE) and the energy environmental performance ( EEP) , based on total factor production theory and DEA
method. The research employ the non-radical and non-angled SBM model to calculate China’s provincial EEE and EEP as well as
decomposition indexes from 2000 to 2010, and then analyzes their evolution rules and regional differences. We empirically ana-
lyze the relationships among the EEE, the EEP, decomposition indexes and the regional economic growth by environmental
Kuznets Curve ( EKC) theory. The results show that the EEE, the EEP and the decomposition index are in a low level in the
sample period. The regional difference is significant and there is large potential of energy conservation and emissions reduction.
There are inverted U-shaped and U-shaped curvilinear relationships between the EEE | the EEP, their decomposition indexes and
China's regional economic growth. The industrial structure, the population density, the energy structure and the utilization of for-
eign investment exert remarkable impacts on the EEE and the EEP through differentiated influencing mechanism.

Keywords: energy economic efficiency; energy environmental performance; slacks-based measurement model; environmental

Kuznets Curve
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