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Regional differences and convergence test of carbon emission efficiency of
construction industry in China using SBM model and panel unit root test

SONG Jinzhao, GUO Xinyu , WANG Xiaoping, HU Zhen
(School of Management, Xi'an Univ. of Arch. & Tech., Xi'an, China)

Abstract; At present, researches on carbon emissions in construction industry mainly focus on quantity and
efficiency, which lack the research on convergence. The paper calculated the carbon emission of China's 30
provincial construction industry from 2005 to 2015. And then used SBM-Undesirable model was used to assess its
efficiency. Based on that, the stochastic convergence analysis was conducted on the carbon emission and its
efficiency of construction industries. Results showed that the national carbon emissions of construction industry
first increased and then decreased from 2005 to 2015. There were distinct differences in carbon emissions and its
efficiency between provinces, and the emissions deceased gradually from east to west. The average carbon emission
efficiency in eastern and middle region fluctuates in 0.7, At the same time the west was only within 0. 5~0. 6.
There was no stochastic convergence of carbon emissions in the national construction industry, but the efficiency
index was convergent. The two indexes in both eastern and middle regions presented stochastic convergence, while
in the western region there were no signs of convergence. This paper will provide a reference for establishing more
reasonable energy saving targets and the optimization policy of the carbon emission efficiency in differences of region

and regional unity across the Chinese construction industry.

Key words: construction industry; carbon emission efficiency; SBM-Undesirable model; stochastic convergence
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M AR, FE AR S0P AR & e ) A 32
T, AR S ) B HE . SE ATl YT R
HEEARZIAZ 2. H i [ A4 38 a) g 50l & JE oK
PRI, 0 A5 A8 AR B HE RO T AR S )
WS BEFT R 5T, LU i B INRL 2 A BRI 25 5
TR HEBOR , SEILE S AR AR 2 .
WEAESR B HE O T Fl Sl i) 8 L A2 3
RPN E S E. O BRHEBOCER BT SR,
BRGS0 B8 B 2% 43 Bt 7 i (Data Envelop-
ment Analysis, DEA), %J7 7k vl %3¢ TR X
SE FIRE B T P 300 1 785 45 A 00 oik B O R, BN
FE RN K B HE O R A RO kY. Hi% Tk
A0 B I A g A i R R A R HE T S R R
BN JESEE, HA R L& T4 1 fl A 5
R WL R AN e 15 e A /A R 1 R
sk BL BBk, Tone 45 165 DEA Jiik, 12
T A S R B 5 ) SBM-Undesirable & %Y
AR TR b R 0T ER P B Bk HE TR A A b
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UL SOR 30 5 1, % T R A BRI KR 4
Hof 255, T AR A B 28 k2 a) B 25 B AR K
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EREALE S, X it A . BRI
B FZ T O A BRI . BRHEK
R T ARMEBRHE TR ZR 0 WS R AT SRR 5
Halr, ke = gk g 50l 5 HE ik 2R i STk i
5%, HEE—EMAE, WMERE" ZHESR
DEA BRI T R E @ FL R R, HEA WK
TRHECE bRa N RSN, Z08E T B HE e 55 3F i 2
PR RE VR SR I o 1Y A5 S ) etk B
AR AL P T B HE AR B R e bR, (H A AR A
N IEbR BT EE R TR A BRI
Z538 ] =R Bt DEA 528 % X s 8 500l AR HE WU R
B ABRICA AT T VRN, (H B HE 35 Y I 35 5 8
Jitl Tk A% v i B R R CHE I, WS T i A R A
o Y ) B R HE I, A% R DR I 45 SR B S R M.
I, Db SOk 3 S ) o A s 2R B K A U T
SR HE— 2 43 BT DX 3k sl Sl A HE TR 2R 04 Wi S 1)
R, 0 i T VR 2 UK 38 % X s a0l e HE i A S 3

DT, A ST 2 50 Ml m) 422 sk HE 0= N B
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S AR HE ORI A R SO AT 4 B, ] Skl E
BB G BEAY 22 S Ak 1 30 Ml e HE LR 2 4k B e
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R, 0l LLGE I Pt N 7R el R
1.2 BENHEKSKE
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FEFEALE S, BEAIL P Sk T e T
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Fig. 1 Composition and growth rate of carbon emissions

in construction industry from 2005 to 2015
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Tab. 1 Average carbon emissions of the nation and three regions in construction industry from 2005 to 2015
AR HIX rp R L X P IX LG
0y WeHE Bk R Bk e HE B Wk BRx
/7t /% /J7 t /% /J7t /% /7t /%
2005 3 502. 374 1 666.032 926. 168 2 068.074
2006 4 144. 467 18. 33 1962. 224 17.78 1 094.179 18. 14 2 444.096 18.18
2007 4 166. 620 0.53 2 316. 929 18.08 1199. 871 9. 66 2 585.561 5. 79
2008 5 294. 208 27.06 2 611.790 12.73 1 650. 885 37.59 3 243.012 25.43
2009 5 960. 879 12.59 3 067. 954 17. 47 1 755.892 6. 36 3 647.603 12. 48
2010 7 575.482 27.09 3 708. 956 20. 89 2 593.325 47. 69 4 717.618 29. 33
2011 16 586. 027 118. 94 4 281. 305 15.43 3 373.574 30.09 8 460. 202 79. 33
2012 13 460. 421 -18. 84 17 028. 211 297.73 3 630.513 7.62 10 807. 532 27.75
2013 11 194. 346 -16. 84 6 188.517 -63. 66 4 212. 147 16. 02 7 299. 319 -32. 46
2014 10 899. 746 -2.63 8 129.195 31. 36 4 698. 543 11.55 7 887.158 8. 05
2015 9 461.518 —13. 20 5411. 815 —33.43 3 087.301 —34. 29 6 044. 384 —23. 36
¥)E 8 386.008 — 5124.812 — 2 565.673 — 5 382.233 —
AR HE K R 10. 45 % 12.50% 12.79% 11.32%

e RIEHCEARAE R . KRE, Wb, 07, BEEL IO WNL. R LR, JTHRMEE, PRI, WAk, BRI, 2.
TLVE . RS, AR FIIRE, PR AR T, W, S R, BRI, HOM . FiE. TEMHE.
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(1)2005—2015 4 P ] g3 50 b sk HE il & 34 {8 %
2 BTG TR . 2005—2012 45 21
K, Hor, 2011 FHAERK KL 79. 33 %, IF
1€ 2012 4F 3K B W57 B N 3 KRB 10 807. 532 J7 t.
X TR B RO R R fE L. BT A5 A
Withtk . A7 JKF RIBER SN E =T, @5
A 2B A KA. 2013 ~2015 4F @50l B
HEBCE Y EAE B B i PR, 2013, 2015 4EFEfRER
3R 32. 46 Yol 23. 36 %, = 2015 SR HE
TR PME AR R 6 044. 384 Jjml, SR HE K, 7R
Fl P & a Wy, B R T )
TREWCHERT H b, R AR RH SR A5, IR
THIGHEE R BB, ML, R, BOR. bR,
Vit AF 7 THD 4 T AR BE R ST RE, A 8 Ik AR HE
1§ S0 D (T o XS IR Eal = it S 1O 3
HECE 11 4E WP & ok 94,290, 5 H AR 7T
FEWH IB) FEBRHE 2 5 S0l S HE R E ) 90 % DL b
(48 SR AR — 5T

(2) Nk TH Z i ok E , Bk ik HE = HE 2

2005 4 Shy 10 4F 38 18 K 2 4y ok 10,4504,
12,500 12.79%, I LLFEH, 7844 1k
AT T PEEHLIX, fH A 2012 F 2015 4F 8]
HippHE 2 A AR LB TR, vl A2 g8 5l A8 C 5
A4 = A TS RE IR B9 6 A, 7R ORHr Ik &
B LA b, REAR T Sk R HE SR S X R
HEBCE NG B 3 Jm v, HoRHE 2 7E 2012 4F
P K, WK R E 297.73%, 7E 2013 4E45 KR
B IE] % 5 P b DX HE i B A, H ZE 5T AR BR
PIBR 2015 AE G BT FRESL, HARFEM A IRIEK,
HE¥WEKEE K oTUESR, @500 HER
5Z&FEAREERIEMR, X2&Hh TRIFLEH
i Ab Bk A B, A B 5 5 A il i T OR K,
G & AR &, A RO AR H R KR
AR ) T AR R, DT F Ml B HE T LR
2.2 BRlmiHfEmsENNER S

e E B HE R LA B, AR SO DEA-
SOLVER PROS5. 0 %k 4 ) & % 48 # 3 Mk 2005—
2015 AE M BRHE SRR, THRZE R 2

PR, b, IR BES. K. . TEERL

x2 HE2005—2015 ELKHERUBHRRE

Tab. 2 Regional carbon emissions efficiency of China in construction industry from 2005 to 2015

X 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015  FIME

1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000

dbxt 1000  1.000 1.000  1.000
K 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
k¥ 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
WL 1.000  1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000 1.000
TFH 1.000  1.000 1.000 1.000 1.000 0.859 0.594 1.000 0.740 0.736 1.000 0.903
RIHIX T 1.000 1.000 0.852 0.841 0.818 0.640 0.791 0.644 0.677 0.557 0.431 0.750
WE 0.402  0.376  0.485 0.587 0.541 1.000 1.000 1.000 1.000 1.000 0.632 0.729
EHE 0.731  0.759 1.000 0.655 0.606 0.601 0.723 0.645 0.639 0.573 0.587 0.683
Jo#&  0.637  0.676 0.695 0.646 0.657 0.482 0.518 1.000 0.504 0.531 0.499 0.622
it 0.526  0.465 0.538 0.536 0.546 0.458 0.453 0.418 0.503 0.659 0.570 0.516

TR 0.483 0.474 0.499 0.481 0.444 0.408 0.434 0.358 0.448 0.519 0.457 0.455

AT 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1.000

Vg 1. 000 0.769 0. 844 1. 000 1. 000 1. 000 1. 000 1. 000 0. 881 1. 000 0.837 0.939

4 1.000  0.679 1.000 1.000 1.000 1.000 1.000 0.400 0.552 1.000 0.560 0.836
N F 0.585  0.593  0.633  0.695 0.660 0.727 1.000 1.000 0.712 1.000 0.642 0.750
r 5 s X

W 0.650  0.795 1.000 1.000 0.796 0.626 0.670 0.523 0.600 0.535 0.509 0.700

e 0.818  0.722  0.771  0.788 0.673 0.525 0.598 0.511 0.529 0.553 0.579 0.642

ik 0.554  0.599 0.632 0.707 0.638 0.551 0.582 0.475 0.563 0.761 0.696 0.614

17y 0.582 0.583 0.550 0.539 0.612 0.480 0.519 0.448 0.498 0.523 0.439 O.

ol
Do
o
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g2
HLIX 2005 2006 2007 2008 2009 2010 2011 2012 2013 2014 2015 CEHMH
#iym  0.590  0.482  0.547 1.000 1.000 1.000 0.635 0.661 1.000 1.000 1.000 0.811
J°¥§  0.561 0.554 0.595 0.750 0.671 0.701 1.000 1.000 1.000 1.000 1.000 0.803
WP 0.684  0.673 0.692 0.683 0.711 0.693 0.739 0.682 0.799 1.000 1.000 0.760
BEPE  0.637 0.671 1.000 0.659 0.666 1.000 1.000 0.614 0.591 0.612 0.654 0.737
) 0.589  0.634 0.597 0.700 0.709 0.488 0.549 0.486 0.536 0.558 0.539 0.580
PHEHLIX. =B 0.467  0.469  0.484  0.442 0.524  0.480 0.544 0.431 1.000 0.477 0.490 0.528
FH 0.447 0.454  0.485 0.464 0.551 0.555 0.590 0.542 0.541 0.567 0.521 0.520
MN5EH  0.505  0.537  0.659 0.483 0.516 0.493 0.508 0.436 0.447 0.408 0.372 0.488
HM 0.499  0.497  0.485 0.430 0.473 0.445 0.554 0.474 0.459 0.500 0.459 0.480
Hi 0.435 0.467 0.442 0.384 0.479 0.529 0.526 0.390 0.462 0.488 0.446 0.459
Hif  0.384 0.382 0.453 0.338 0.385 0.441 0.465 0.461 0.490 0.481 0.500 0.435
(DHAbmt . REE. BRI, LM e)#m A e REbIE e B~ B
M BRHE SR R 1, XRIAHIXAE 2005—2015 0.9
SEAL T HE R N TR I 0 AR PR AT I B, R HE s 08
UKD TF A K . T 3R . ULV B HE i R g os
PREERS, AU A IR T AR TS 2
)R EHLET RBERDS, Hp, # o
LA . RGN PSR B0 B HE '
AR 0.5 LR, TE L WAL T, A RO NI
B8 HE B R B (AL A, Bk, b AR Cr Ty T
T3 i it 55 R R 0 06 D6 B2 20052015 & = [ i AL EE
PR, BRI R AR, TR, S B3 448

. M. NN TE. 2GS EELAEET
i, HFAAME ARG BEZ, HEFI"
EEAR, BRHEB R AR

VL b4y B T DL H 45 48 1) ik HE T8O 28 22 MR A
K. SR T ELOR e B 4% X3k A b i HE ik sk
)AL G A X ) 22 55, AR S0 2005—2015
EAR L B VEERHL X & B R HE B R T B E
T ZelE, WK 2; JE¥ % 4E 2005—2015 4Rk
T ER I P BB 5 R A R AR R
A Hp 25 DX R A R AR RL X, A5 1 ] & 48 Tk HE R
RS B AiAE SR, A 3 R,

HE 2, B3 H 4 ISR AR 0 o A I AR B
T D S VP S ES B 7 3 s e (T N R S S ECTRVN
A, oMESBAWHE. WEME ERBE, REH
DX 3 S0 e HE ik 2% 2 e i HLAZE F 90 4 R N U8 B A
K, HFEHMEH0.787, Jbnt. KE. LigfWiT
SR BRHE T 5 2 A R X 3 B Sy A AE AR R T T b X
e 1 DX 3 ML R HE B P ALK, MRS AERR
PF 318 M 0. 751, 4> B #E 2008 4E. 2009 4F .
2011 4F | 2014 4EBRHEBL R & T ALK, H

Fig. 2 Line charts about the carbon emissions

efficiency of three regions in construction

industry from 2005 to 2015
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Fig. 3 Spatial graphs of the regional carbon emissions

efficiency in construction industry from

2005 to 2015
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PRHBIX, AH Eh T AR (] 5 RS A B R A R %
S, P, HmHE R AR A B i LR B A
XA AT H AL, AR M KON S I JRORR A
W, BB R, Rl R R, AR
HKECESH, FFE KRR AR ERHER R %
BARBYRE PRI 2 BT o5 FLEE AR T PG AR X b 4k

PIBG, AN AR BEZ, B K B 5l K F 4
MG, S EOLmHEROSR Z YR
2.3 FEALE SRR

RV TE R B, A T R DX e SR M e HE
AR R R EAFAE 3 2 . A XS Carli-
no AR S Bl HL Mk B ) B RS i B e, 1B W
Eviews8. 0 8, 43 5ok e 5 Hll B HE 2 A
HEOG R AT RO U Sk 3. &5 2R 3, 4

R3 BEHUBAMEEIERHERBER

Tab. 3 Stochastic convergence test results of the carbon emissions in construction industry

Im, Pesaran and Shin W-stat

ADF- Fisher Chi-square

PP- Fisher Chi-square

X3

St PH St PH St i PH
4 —1.957 77 0.025 1 76.579 9 0.073 2 79.808 1 0.054 6
X 3 ) —1.506 42 0.066 0 11.610 9 0.071 2 21.643 5 0.001 4
AR —2.517 71 0.005 9 40. 948 1 0.008 4 33.035 2 0.061 4
¥ —4.108 07 0.000 0 43.563 5 0.000 2 40. 222 2 0.000 7
iRy —0. 802 97 0.211 0 24.711 8 0.3111 16. 546 3 0.787 9

R4 BHRUBRAMBEBIERERBER

Tab. 4 Stochastic convergence test results of the carbon emissions efficiency in construction industry

Im, Pesaran and Shin W-stat

ADF- Fisher Chi-square

PP- Fisher Chi-square

X 3k

Giit P 1A it P& Gt P1{E
N —3.52137 0.000 2 105. 142 0.000 3 105. 506 0.000 3
I 33k i) —1.81008 0.035 1 15. 405 8 0.017 3 30.152 9 0.000 0
R —1.97276 0.024 3 34.377 2 0.045 0 35.227 3 0.036 7
o3 —1.72289 0.042 5 26.767 1 0.044 1 26.913 6 0.042 5
VG 36 —1.61556 0.053 1 34.554 9 0.043 1 28.421 2 0.162 1
2.3. 1 FEAIL i SR 56 45 SR 4 AT A LA X IPS . ADF-Fisher fil PP-Fisher K5

(1) 5 xt @ sl e & AT 7 BEAL P8
kg, M3 HulLIE W, 2 @5k ik =
MBI A AE S AL AR, BURFEAEREAL M 8, =K
DX 358 1) 3 S0 M Al 1 T80 2 0 AS A7 A 3 () ) & e e
MR PR E, ARER. H R X 34 % B FE AL
PEWCSS,  Hov 3t DX i S50 S U L, & AR )
SOlk B HE B 22 5 Bl i) ) A5 Ak O 5 AH X P A2 P
S 1 DX AN RE 4 D Al 1, 76 B G R & M X ) At 50
b i HE T35 & E A B ) A ST ] — oK.

(2) % g 30 ol s HE T80 8 28 B A Bl AL A i S50 A
o5, MAEH = K DX a) 0 A 5 45 SR el LLE
IPS. ADF-Fisher fll PP-Fisher 5% ¥ 7€ 5% i i
FWKRP T4 R R, WAFEERMGR, dt
2 15 4 R = R X ik ) 0l e I s 285 258 34 e B
B FEAIL S SRR AE. MK N BB R B, AR R HLIX

HITE 5 % 00 S MR TR B, AR X
b 4 X 0 8 2 2 34 7 1 LA I
LA M X A v 30 M X i S B8 O Sk 7
iU X R A A 20 S5 L, Ak T 3 X 0 4
WO R AR A7 TERB LIRS
2,32 SRHLI B R R O R B L I 8k
KB 2 AT L S
(1) 41 = S I 3 ) 9 e 5t RS 1 7
BEBLPEIE 8, T 78 B0k — R B BL I 5 5 0 3 R
T M 25 B 32 B 6 R 9 45/ 0 3 R, s f
BT TR SRR SR, 4 B A= ke X R
BAHERCR 5 B RO M e SR AP E 2 5, T
REE T = K K2 o) SR IREE . 3k T R
WRLEH S A 7 T AFZEW) L 06 5, TE S 1] ) 2
Sl BTG B R 5 TR O R



55 2 39 KRG, 4 v SOl B HE RO R X 22 57 W S 23 T —— 2 T SBM BB L5 ThI A B8 AR A B 307

B2 A TG bR 2R, BE A PV I X R B $ T
FUY OB, 20 0 B8AR 3 DX 5 5 I 1) 610 4 4% 16 55
BRI REIT , 4% i DX 6 ¢ HE TR 0 R 22 BEAS W 4
N, EBETE R T R AR A B A

(2) 0 = R DX 3 P 0 2 3 22 47 I ML 42 i S50
B, KRBUAR. HaR b XA st 50 Ml e HE i B R0 AR HE
OB EBAFAEREDL WS, T 78 78 3 X 1) &2 0k
APRZS. TSR, B AR A b T K T ke A B
B, sl e g oy i, RERENBERFERE T
FOBRHECR i Wi 8, MoK B BRI N, i
2 7RO A PSR B iR A, MR BRI T
XA DI B HE R R, P B ROCRER L AL,
JB T R HE i R AR R R s VB M X 2 K e R
FURREE AP B BR 1, 85 HE 8 RAR HL 2% i 2 1)
o, NilEsm TR RES R H%Z
a6 T AR SR SF AR, @ 0k P A B e A 3
JE, A DX R Jee D AH 6 221, AT abe PG S X
£ 3 30 o B HE T R HE IO 2R 38 B R IR S

3 i

¥EiZ H SBM-Undesirable #5720 44 5% MV %
HEBOL A BE Al b, oo 4 1 A =k IX ekt 5 Ml ik
HETBCR A R HE R AR BEAT 7 WS o A, HL R 2
W

(1)2005—2015 453 [l i 550 e ik HE ik =2 34) 1
EEIE LG T REMBEIE, B 2005 8 2
068.074 5 t bR B K 2 2012 4F M &% KAEH 10
807.532 J7 t WpEME, H R 2015 FEFFER 6
044. 384 J7 t bR, oMl A 4 ik & X0 22 S A
K, BIAKR. P P E S EOE e, KX
BRHE 0T & T PE M X, fH P R Hb X AR 3
KR .

()% A BRI R EZEW R, H, Jb
HOOREE RIETL. BRI T 0 H0OI s HE
RMAEBMEON1, WL IR, Filg, SN AN
1 RSO R HE B AL R AE 0.5 LR, XIS R,
AR R HE RO R B, BRAS ) Ay v X
BRHEB R & T RO, HRE S R TEE
KF, PEFRHD X R R A R A, HEE AL T2
% EF-B B,

(3) 2 A = A X Ja )t 350 e 4 i = A A7 A
FEAILPE S S5, g A HE TSR0 28 34 77 78 Bl AL 1 Wi 8,
A R R G H BN TG R, s
VL DX AR B 3 T AT HOROR A% b DX B HE
R B W T 58— AT = RN FRR i,

AR v DX B B R A R I AR AR B AL
WSS, PG S i DX A P TS bR b XA A RS,
X R T PG RS AR S M v e X S A B, X
NI A 2 )k R AR E R W, R
ANWAERK ZRE, @Il & R EKIE AR, XELE
BB AL A S 2 3

S %E3HE References

(1] SwelE  BWRBHOE - £ T BRHE I 00 50l 77l 25 4 18 4%

BoEl]]. AEBLF,2016(4): 75-79.
MA Xiaoguo, OUYANG Qiang, Research on the ad-
justment of the structure of the construction industry
based on carbon emissions [ ] ]. Ecological Economy,
2016(4): 75-79.

[2] ABMHZE, A3IEW SR Z . AT SD MA@ i &%

ST BRHE TBCRR 4 B U4 L —— LU P iz L X
SGE[T]. PO @A R FEER (B AR E ),
2016,48(1):101-108.
QI Shenjun, SHE Jieqing, ZHANG Yunbo. Research
on life cycle carbon emission and its reduction sensitivi-
ty of public building on the basal of system dynamics:
a case study in hot summer and warm winter areal] ]
J. Xi'an Univ. of Arch. & Tech. (Natural Science Edi-
tion), 2016,48(1):101-108.

[3] Z=E,ilHFEK . #TF DEA BYRE IR R I AR 0F 7T
[J]. BFRIE,2009(1) :103-112.

WU Qi, WU Chun you, Researchon evaluation model
of energy efficiency based on DEA[]]. Journal of Man-
agement Sciences,2009(1) :103-112.

[4] TONE, K A. Slacks-based measure of efficiency in da-
ta envelopment analysis[J]. European Journal of Oper-
ational Research, 2001, 130(3): 498-509.

[5] TONE K. Dealing with undesirable outputs in DEA; A
slacks-based measure( SBM) approach[ R]. GRIPS Ja-
pan: The Jounal of the Acousitical Society of Japan,
2004.

(6] R A-t, T . op E Tl B HE R R B X 25 5
£ EFESHH N SZIEST(T]. BERFTH
KRGS ,2012(9) :58-70.

ZHOU Wugqi, NIE Ming, Regional difference in the

cfficiency of industrial carbon emissions in China[J].
The Journal of Quantitative & Technical Economics,
2012(9) :58-70.

(7] REY] faradk, bR 2E . b E RO BRHE St K bl
BUPE I 8 58— 3£ F SBM-Undesirable # % 55 T 4k
ARG R (T]. P AR SRR, 2017, 25(9)



308 mo%o# W OB B Ok RAEARER H51 %
1381-1391 ing factors and convergence analysis of carbon dioxide
WU Haoyue, HE Yanqiu, CHEN Rou. Assessment of emission efficiency in China: On stochastic f{rontier
agricultural carbon emission performance and stochas- model and panel unit root[]J]. Zhejiang Social Sciences,
tic convergence in China using SBM[ J]. Chinese Jour- 2011(11).:32-43.
nal of Eco-Agriculture,2017,25(9):1381-1391. [(14] EFH,.EEF2 k. b EBEFIVEEFEREARE

(8] SRIMTE, MIE . AN JI¥eA 7=l g5 5 o a4 sk SREZWERSHT]. PEAD - FIRS TR,

= 5T SBM 5 Tobit BLRIFY SLHERF T[] SR 2012,2(2):56-61.
ZUFE R, 2018,40:1-9. WANG Xueqing, LOU Xiangzhen, YANG Qiubo. In-
GUO Bingnan, BU Ya. Human capital, industrial ter-provincial difference in energy efficiency of con-
structure and China's carbon emission efficiency—em- struction industry and Its influencing factors in China
pirical research based on SBM and Tobit model[]]. [J].China Population, Resources and Environment,
Contemporary Economic Management,2018,40:1-9. 2012,2(2):56-61.

(91 TR, S an . B R I S T T AR A (15] i, E5F, X0 . 25 I8 aRHE R A 50l /g iR
SAEUENA[T ], et 5Pk, 2012(18): 25-28. MR bR 2 ST [T W IRFEE, 2014, 36 (6):
GAO G K, MA H J. China’s carbon emissions’ con- 1256-1266.
vergence: Based on the quantile regression of panel da- FENG Bo, WANG Xueqing, LIU Bingsheng, Provin-
ta[J]. Statistics and Decision, 2012, (18): 25-28. cial variation in energy efficiency across China’s con-

[10] ®&XAH, FEE, R IE . P EARGEER SRS struction industry with carbon emission[]J]. Resources
WoE ()], 4itWhat,2015,3(32) :29-35. Science,2014,36(6): 1256-1266.

ZHAO Nan, WANG Xinrui, ZHU Wenjuan. Re- [16] F&EN, HBM A, ok =35 . =Fr Bt DEA 89 X H 0k
search on convergence of regional energy efficiency in RHEBORZEM [T ], e K% %R (HRBL¥ER),
China[J]. Statistical Research, 2015,3(32):29-35. 2016,37(5):564-569.

[11] EVANS P, KARRAS G. Convergence revisited[]]. CHEN Gang, QI Shenjun, ZHANG Yunbo, et, al,
Journal of Monetary Economics, 1996, 37 (2): Study ofcarbon emission efficiency of construction in-
249-265. dustry based on three-stage data envelope anal []].

[12] W4tk 20, 50s, XK E . REREER R IX LR Journal of Huagiao University(Natural Science), 2016,
B M S 53 1 —— 5 T B AL AT A 4047 R TH0 AR B 52 AR #) 37(5):564-569.

SCUERFgE[) ], R BRI, 2013,21(2) 1 175-184. [17] SRAEE, XUAED . B6 T 5N 15 BT 0 4 50 Ml ¢ ki
ZHAOQ Jinlou, LI Gen, SU Yi, LIU Jiaguo. Regional PZET]. BERFEFER(BARBIHM),2013,53(1)
difference and convergence analysis of energy efficiency 53-57.

in China: On stochastic {rontier analysis and panel unit ZHANG Zhihui, LIU Ruijie. Carbon emissions in the
root[ J]. Chinese Journal of Management Science,2013, construction sector based on input-output analyses[]].
21(2):175-184. Journal of Tsinghua University (Science and Technolo-

(13] Ahsagt, 4R AREDC . FR I BRHE R M X 2 5 0 8] 3% gy),2013,53(1):53-57.

B SR 4 T ——— 5 T Kl AL iy 4SS 2R R T A S 67 AR 199
SCHEMFIE L) ] WRLAE SRS ,2011(11) :32-43.
DU Kerui, ZOU Chuyuan. Regional disparity, affect-

(BRE W PO





