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SR I BE B T AT T AR - — AR A P A T R A D Al B A B
DEA FERYvh , BT I00 8 75 95 SN AF 5 BUSE AR P ad Bt o I I 88 Ty vk AR [ &% 1) AR A2 1]
FEVFBEAZEZ N AL B 45 AN 6] (9 LU 45798 I T, Tone (2001 ) 4 i} f) SBM ( Slack — Based
Measure ) J7 3 I 8 ) 12 IGARAR [ 7 5 , BEJR Tone (2004) SEKEARIBIEE)™ H 49 A ZI| SBM A2
HIT XS Tone (2001) RFEARAETIIEAT T #1f . M HATHIBTIEHE T , (A R D BOCR A T
FEIEL™ i SBM — DEA J7 i B2 X S BER REIRAICR
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% EEFH(EC) HAREFH(TC)

MPIE™ ST M ¢ IS ¢+ 1 I, DMU, B/ 7= 3530, 25 MPIE ™" > 1, I =
SRR MPIL Y <1 UBEI A 7 3R MPI ) = 1, B A P (KA. AR A Fie 26
(1994) , MPI A A4 s 3 EC) RIEEAASE (TC) BiAHAR 11(5) 5%, e s e
W oL AR 3 s B AR S BB T A o IR ¢ + 1 Fo S e 2 M 1 0
.,
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il AL IR 23 ) ik 12800 o D 17 A 5 ) Durbin ASERY ) [] 9 2R RHEA T 45 BRAR RS, Pace Fll LeSage
(2006) \LeSage Fil Pace (2009 ) $i& H{ 1 25 [H] [a] AL R 8 53 7 ¥k (XUAR 45 A5 25,2014 ) o HEAS
SRR A2 X A A R 2 B R S W) 43 DAy A8 AR ) B3N, R AR kg S A8

(Z)=EANEEESZEBHEXRRE

AR R BETE BE T AU [ AR 1 S LR 5 24 ) AS R R A BE PR AR MBI AR 2B 1 73 W) 5%
e o o, AR HAs RA AR (W, 30R) MO0ER w, 725 [0 BTG & A j AHRBI HUEN 15
A AAHRBIEAE A 0 iy PRI B 2 (W] BCE AR (1T W7, 3 ) R P st R B~ 7 A 1 ROk M i
M PHEE Y LAAR 23T 22 1] P BR T 2

(=) BARHIE

R R B4 R A5 1, AR SRR 3 v ORIl 4 i, b R IR 5 MU IS O (R R < 1
N7, [ I A AR T AN A5 G 3 B e 08 1 0 X, 2 PR AR A Dy b [ KBy 29 N4 0, REAS B 1) g
s BE SR 1995 - 2011 4,

BICRBAT . A BRERETIA(K) (9580 (L) MBEIR(E) , b 8 AT &
5522 BABEZR (2008 ) 1 7 Wb A 74 JE I L 1995 41 Jhy 36 B 1A T - b B 5 55 3 2R Fl 4344
HOP KL BEIRBEAK T RETEN e it o J1 8™ H R AT 2045 b IX A= 7 BUEL(GRP) 3275, LA 1995
ARSI TP AL D . AR e AR (CO, ) HECE: . %5 T4348 CO, HFREK
AN TR A SCIRIEREVRT 2 B3R LA CO, et 3R (An2/NF- F BLAE,2010) , o i
RLREVR Y CO, e 3R FI L AR IR D ST B K A (85 23 45 45 1.2 ( Carbon Analysis Indicators
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Tool, fij Fx CAIT) SR At S A (2. 13 W/ WEARHERE) o DL RS v, 2048 il DX A 7 BB R ok
BT AR ESETHELED s L ABORIE T Ch A D S8 G448 ) s 7048 RE TR 9% i
KT PR E REIHGE TR 4E)

HYOEERIAS R . RIEC AT, RREHACRA N RER T 8ORBED Z 5, i 257 A Jé
K- BB LA BER BURETH LI KT AR A o A SO I IX AR 7™ B R
LUt KA (PGRP) 5 AMESCH Pt i BRI B B R A HE L R/R BR IR A M (ES) 5 SR — 7k
ST o5 0 XA 7™ M FE TR ™ ML 454 (1S) FHBEAR 97 3l LU 3R 28 SUEE 4 (K/L) 5 1
1yl 25 A BB o5 etk BB I LU B RN T AR BE (MD) o LA Xk IR T D A I 42
HAEEE) (O EBEIRGETTHAF ) , 72 SCUbad Rt h 1A SR X HAE B

BRI

HRPEARIHI B ) SBM — DEA K1Y ASSCINEE 1 29 Ay i) 2 E R REIRAICR , R 1 4R T
TROMAER ISR . WEPRE, LI R AR R R P BB D3R AL T S D0 PR A2 77 i ¥ 1, T
vs S BN =R O TR TR B A RE TR R WAL T UK

*1 ETIFHEH SBM - DEA K& FREEREERBE
Ay 1995 45| 2000 4F | 2005 4F (2010 4F (2011 4F | 44y | 1995 4 | 2000 4F | 2005 4F (2010 4% | 2011 4F
7w | 0.7537 [ 0.7436 | 0.8159 | 0.8781 | 0.8776 | #T& |0.5933 | 0.6354 | 0.6313 | 0.6899 | 0.6753
R# ]0.5932|0.6845 | 0.8371 | 0.8463 | 0.8262 | #5dt |0.5663 | 0.6502 | 0.6808 | 0.7630 | 0.7440
7Tk 10.5007 [ 0.5317 | 0.5721 | 0.5748 | 0.5652 | #a& | 0.5546 | 0.8048 | 0.6482 | 0.7130 | 0. 6965
L7 | 0.3972 | 0.4401 | 0.4642 | 0.4697 | 0.4644 | 5 Z& | 1.0000 | 0.8549 | 1.0000 | 1.0000 | 1.0000
K5+ | 0.5003 | 0.5037 | 0.5024 | 0.5091 [ 0.5000 | j~# |1.0000 | 0.9410 | 0.8279 | 0.8257 | 0.8009
it | 0.4841 | 0.5140 | 0.6521 | 0.6575 | 0.6424 | #d | 1.0000 | 0.9817 | 0.9867 | 1.0000 | 0.9166
HH# 10.4760 | 0.5582 | 0.6362 | 0.6964 | 0.6802 | wg)l |0.5286 | 0.6239 | 0.6104 | 0.6673 | 0.6569
Z £ix | 0.5141 | 0.5701 | 1.0000 | 0.7561 | 0.7440 | St# |0.4331 | 0.4295 | 0.4827 | 0.4861 | 0.4800
k% | 1.0000 | 1.0000 | 1.0000 | 1.0000 [ 1.0000 | =& |0.5887 | 0.5818 | 0.5647 | 0.5975 | 0.5853
L [0.7212 1 0.9229 | 0.9426 | 1.0000 | 1.0000 | K& |0.5019 | 0.6089 | 0.5807 | 0.6284 | 0.6154
iz | 0.8283 [ 0.8333 [0.9788 | 1.0000 | 0.9717 | H& |0.4354 | 0.4745 | 0.5135 | 0.5184 | 0.5088
2% [0.6027 | 0.8203 | 1.0000 | 1.0000 | 1.0000 | F# |0.4564 | 0.4564 | 0.4788 | 0.4732 | 0.4504
# 3 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | 1.0000 | FE |0.4472 | 0.4358 | 0.4317 | 0.4320 | 0.4203
L% | 1.0000 | 1.0000 | 0.7942 | 0.8773 | 0.8432 | #7s@ |0.4857 | 0.4978 | 0.5350 | 0.5075 | 0.4823
LA 10.66750.7785 | 0.7094 | 0.7728 | 0.7556 — - — - - -
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(—) =18 Durbin =& &3t

TEREAT ZIAGTTZ 007, FATTE 56 R ] Moran” s T 05577 ¥ % 4 8 38 RE YR B 14 25 ) AH 5%
PEFEAT 7R S0 (BR T 0, i B 05 BARSS R, AR W3 mT L EE R . M
Moran’ s T KB 45 R F , A M GETHEAE 1% KV T 34 .25 01, [W] i, 48428 [ AUE T 1)
Moran e HESREAAT 0.5 ~ 0.7 Z[], 17 # 3 FF 2 AL T 19 Moran 4 i{E JE A4 7°0. 35 ~
0.50 [a], 3X—45 R 5870 R W] 1 A B R RRIRBCRAF AL i JE K 23 [ RH O, QB2 [ AL T 1145
(R G o T b PR B A

PEAS AR SR B 2 5, FRATTOR F e KA ARAG 11 )7 1 %) 25 6] Durbin RS GEFT Al 3, AR 48
2 BIMGTHEE R, A AL v RE IR SSR A T i I ) [ R B0 p 78 1% 7K N3 835 1E ;58
X%} 43 [6] Durbin 4% %0 ( Spatial Durbin Model, SDM ) fE 15 i 4t i 25 6] ¥ J5 45 AU ( Spatial Lag
Model , SLM ) Fi1%3 [a] % 224554 ( Spatial Error Model , SEM ) {465 , 25 52 141 2 WA GEWs 25 [R] Durbin
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BRI A Ry SLM Fl SEM, SEE— 253, SR I ALC 7 [ 5 RO ABEALRON 2 [ #4758, 1650
SRR SCRR RO o $ T RS R AL 1 B HL s A i e T [l JE AR 8 AR R 2 v R 2
(1) = (4) ,MPI {4 B3R BRI 1E , MPL 23 [} J5 50 (WMPT) 9 151950 28 5808 35 D 975 T e R
2 BELEL(S) - (8) 1, TCEC Wy [RlIH R E &N IE, TC \EC =3 [l J 5 (WTC \WEC) B [l JH &
B Ao MY LeSage Al Pace(2009) ,MPI.TC \EC Hy [ JH R KO BE AR ELESR B E AR
B REIRACR IR R B 23 [A1Ge HH 28O0 o Ry I, AT 4% 1o 2 RVORE Gk, 26 3 ety 1 0N 20 i

LR (2 MR 3 P AIBERLEXS Y ) o

x2 %= |[E E R Durbin #2244 R
23 [ AL FE 28 7 W, W, W, W,
R ZRE | BEARI(L) | #EARI(2) | #ERI(3) | #ERI(4) | #ERI(5) | #EAI(6) | #EAI(T7) | #ERI(8)
MPI 0.6922** | 0. 6807 ** | 0. 6985 | 0. 6948 ***
TC 0.1690 ** | 0. 1831 |0.2047 ** |0.2180 "
EC 0. 8665 *** | 0. 8864 | 0. 8638 ** |0.8877 "
PGRP -0. 0065 -0.0128 ~0. 0300 ~0. 0605
ES 0. 0234 0. 0289 0. 0104 0.0142
IS ~0.1759™ -0. 1368 " -0.0757 -0. 0706
MD -0. 0067 -0.0252 0. 0107 0.0163
K/L 0. 0059 0. 0491 0.1025 0.1381™
p 0.5592 " |0.5415™ |0.6576* |0.6053 ™ |0.2930 " |0.2449 ** |0.3293 " |0.2535""
WMPI ~0.6353™ | —0.5976™ | —0.6472™ | -0.6155™
WTC -0.3101 ™ | —0.3092™ | —0.3440™ | —0.3213*
WEC ~0.3954™ | —0.3209™ | —0.3778" | —0.2893"
WPGDP -0. 0068 -0. 0250 0.1837" 0.2591 **
WES -0.1681 ™ -0. 1954 -0.0823 -0.1182™
WIS 0. 1726 0. 1137 0. 0180 0.0193
WMD 0.0587* 0. 1008 ** 0. 0766 *** 0. 1001 **
WK/L -0.0182 -0.1124 0. 0244 ~0. 0490
R 0.3430 | 0.3971 | 0.3356 | 0.4461 | 0.7573 | 0.7806 | 0.7595 | 0.7867
AIC_FE  |-1607.151|-1581. 192/ - 1635. 511| - 1616. 405| — 1924. 927| - 1904. 203| - 1933. 773| — 1922. 545
AIC_RE | -1551.375|-1522. 518| - 1573. 403| - 1551. 915| — 1897. 687| — 1882. 480| — 1904. 457 — 1896. 082
SDM—SLM | 94.42** | 17.81*** | 93.83™* | 17.65™ | 23.48** | 4.90** | 22.49™ | 8.04™
SDM—SEM | 13.69** | 5.73™ | 7.59™ | 5.08** | 11.60™* | 4.49™ | 13.65" | 6.12"
FE e ke x 5B ERT 1% 5% Fo 10% 89 B FHAKT
%3 %= [B) BB 5 i
23 AN T2 A W, W, W, W,
g ArE | BEI(1) | BERY(2) | BERI(3) | BEAI(4) | FEAI(S) | BERI(6) | ARRI(T) | BEAI(8)
MPI  |0.6463** |0.6395"" |0.6668** |0.6658
TC 0.1481 ™ |0.1653** |0. 1870 ** | 0. 2050 ***
5| EC 0.8575"* | 0.8812** |0.8601 ** | 0. 8863 ***
3 | PGRP ~0. 0005 ~0.0101 ~0.0157 ~0. 0462
# | ES -0.0035 0. 0036 0. 0052 0. 0088
AL IS -0.1629* -0.1327™ -0. 0664 -0.0611
MD 0. 0074 —0. 0085 0. 0036 0. 0096
K/L 0. 0105 0. 0437 0.1049 * 0. 1366 ™
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BR3 =S [B) B0 AL 53 1
25 (A Y W, W, v, W,
Ra| At | BN | BUR(2) | BAN(3) | BERI(4) | BERN(S) | BERI(E) | BURI(T) | #REAL(8)
MPI | -0.5067" | -0.4617" | -0.5025™ | -0.4655""
TC -0.349™ | -0.3362™ | -0.3921 ™ | -0.3469
| EC -0.1809™ | -0.1337" | -0.1236" | 0.0866
4 | PGRP -0.0290 -0.0919 0.2164" 0.3073™
| ES -0.3192" -0.4343™ -0.099% " -0.1474™
s 0.1524 0.0715 -0.0149 -0.0126
MD 0.1145 0.2120* 0.0916 0. 1242
K/L -0.0378 -0.2079 0. 0520 -0.0334
MPI | 0.1397 | 0.1778 | 0.1643 | 0.2003
TC -0.1968 **[-0.1708 **|-0.2051 **| 0. 1419*
| EC 0.6765™" | 0.7475™" |0.7365™ | 0.7997 "
gz PGRP -0.0295 -0.1020 0. 2007 0.2611*
& | ES -0.3228™ -0.4307 -0.0044 " -0.1386"
IS -0.0105 -0.0612 -0.0813 -0.0737
MD 0.1218 0.2035" 0. 0880 " 0.1147*
K/L -0.0273 -0.1642 0.1569 " 0. 1032

B wer k| x R R T 1% 5% A0 10% 84 B F B AP,

(=) = a3 53 iR

1. Malmquist 4 = % 35 4 (MPT) #f &2 % s R 2 F 09 %8

TE 3 WALAL(1) — (4) v, MPI 1) EHE0 34 8 350 TEARL, ;X R B L MPI RAE AR
A0 A R AR IR RCRAAE W2 0 DX A Wi i, HILSON 298 0. 65, 5 MPI (¥ ARV AH I,
BARI(1) — (4) L5 RRI] MPI 42 2 BRI SCRAAAE i 2 T 23 () Wi 3 R0 , BP—~ X kg
MPI TV, $ b AR DX 4> S R RRIEASCR I S T+ A B T o [RIIF , MPT X4 R BRI
RO I HEAROB AR KRR B LRG8O, NITIBLEY (1) — (4) B MPI X 22 R BRI
SR B I e /N T RO o Rt , FRATIAS 4518, LA MPI ZRAE B2 AR 3525 % 422
FBBSCR M ST R I W S 1) XTI G P AE——MPI (R & THIE E 1 A [X 35 42 2 3K AR IR A%
RIFRTE , FUAF] T HA X A R R RRCR T . BRI (2) L (4) 25 Rk,
PLESSBTER S T HM AT R E KRR E, A XS T RE IR R, A< SCA Y E2ZA A
T3 T 2 AR TR [ 5800 ™ 1) £ B2, AR FE AL 38T T RE R A A T80, (HIZ X TAMIRIX B,
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Spatial Spillover and Its Decomposition of Technological
Progress on Total Factor Energy Efficiency
Yang Qian and Liu Huajun
('Shandong University of Finance and Economics)

Abstract: This paper uses the undesirable SBM — DEA model to respectively measure the provincial
total — factor energy efficiency and Malmquist productivity index, the latter of which is decomposed
into technology changes and efficiency changes by using Chinese provincial data. Moreover, we
construct the spatial Durbin model respectively by Malmquist productivity index, technology changes
and efficiency changes as proxy variable of technological progress to decompose the effects of
technological progress on energy efficiency into direct effect and indirect effect so as to measure the
spatial spillover effect of technological progress on energy efficiency respectively by the spatial
contiguity weights and geographical distance weights. The main results are as follows: First, China’
s regional total — factor energy efficiency is significant spatial dependence and spatial heterogeneity.
Second, Technological progress presents double edged sword characteristic on energy efficiency, as
it can promote the energy efficiency of one region but has a significantly negative spatial spillover
effect on other regions. Finally, the spatial spillover of technology changes is more than that of
efficiency changes.

Key Words: Technological Progress; Spatial Spillover; Energy Efficiency; SBM Model; Spatial
Durbin Model
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