5538455 S
20184F 05 H

I R

Scientia Geographica Sinica

Vol. 38 No.5
May, 2018

T SRARAE AL T X IBRHE-25 5 R - IR AP R A DR AT (7] 38R 4%,2018,38(5):764-772.[Gai Mei, Zhang Fuxiang. Regional Carbon Emissions, Eco-
nomic Development and Environmental Protection Coupling in Liaoning Province. Scientia Geographica Sinica,2018,38(5):764-772.] doi: 10.13249/j.cnki.

5gs.2018.05.014

1T T X g R HE AL -

Z 5t & R-INER

ma A

ZE KB

(1AL PIRYE A R PE 280 5 il Hra R JRIFZE il 10T K% 1160295238 T IS K SIS,
LT K% 1160295 3.7 ERMABE R b b S 40l AR B BFFE T, 5k K& 130102)

8 T =B B DEA BRI 2004~2015 4511 748 14 T B HERRCR B BR-HEHOECR 0 il RBeR 4l
ARBCEFIBRCR , I 3 FVRCRAE A BHECR G PPN R AR , Ak R4 2 DX Il - 28 5 & J - A% {47 (3E &R
GOMETITEM IR R . 85 BIR 10 T8 S KRGANE PR B A TEAKE 25 1) b a2 s k=0 b e, 3=
PRI BH AT s e L PR AR VR T G PH SR RO I O S A T AR AR T BH AR A
23 (B3 A A o 5 B AT K f8 GM(1. D TR A 45 5] 2016~2020 411 7744 3E RGH & UME A BT Tt oF
FER I A RRAHE RN E I RHE I R G FEbRE T =0 RG-S MR , 255 510 748 PR S DUAHAT
RERIA) . = B B DEA  BRAFCCE ; = 0 & UARRL; GM(1. 1) A Y

FESH,E FI1299  SCERERIIE:A

R 5 PR B AR W B R T R R Y
5 IX I8 S A e ) 5 S AT R R 1 4
g7 o BRI IE 2 SE LA BT S IR U S A R R
SR R O T S5 SRR DAL HE Y O BHEAE T4 = Bk
HERA . B 55 B A A W —Fe AR db e Tl B
PROLER MG E P s, RAG SR R, BT
VRN IS HE S AIRBRAE B A i , el eIl 2 4>
F A B R IRAR R G FEAS E 5K, L T A Kk
2 R RIRAE T IS SRR . AR E N A
BRI HE- 28 5% & SRR AR 4P Z [ i o8 JE 15 AR 5%
TR B R LIRS SIS . R,
BT HECW A R At S 2 T SRR T
J& , B S RTRREE A T 2 1

H i [ A % B HE TS0 SR G B R AR DGR 9T 3
FAFELL T L7 1 : O BeHEBCSERAT ST, 4l Zhou,
Risto Herral 22351 #1) ] Charnes™ #2 H f\) DEA f&

Wi B3 :2017-05-12 ;4837 B :2017-08-27

RS 1000-0690(2018)05-0764-09

HUFF5 | A Malmquist 35 £0F1 SFA BIRIBFFE i-HE AR
FE A BHE RO . AR AETHOIMER R Fried S5°142
Y =B Bt DEA iz FH B i HF ik Giairh |, 20 W 52
Y S e T L 254 0y B RE TR B HE SR, # v T
ZOT IR R . LRI R, — B B2 DEA
Selll TGS R AL 53 vk (DEA) MR ML TV
2 (SFA) 1) Jry BV , ZERRHE O A . T 2R
Mk, @ b 5 AP K S5 TR
W5, 4% EKC 4k i R G Bos 22 2R G
F o 4N Tucker 3 TacHE B i 5 28 538 K B dls ot
5545 B ARk = 5 A\ 45 GDP 19 EKC £k ¢
FRo RELLINAFETE o BN 22 IR A AR AR, 4y
B R B DX 28 5 0 0 v B ) e HE R RS R
RUONEUE R R S R B OC RS SR LR R
FRMA . @ HERCR 5 AT R/ X
TG ED A 223 IR T AR KR T

FESIE [ 5 AT B2 G TR H (14ZDB130) 2077 M8 SCHE 2B 2 TG F 5 2 b R 0T F (16JD790021) L 11748 24
BT U H (W201683606) %% Bl . [Foundation: National Social Science Foundation of China (14ZDB130), Ministry of Education of Humani-
ties and Social Science Key Research Base of Major Projects (16JJD790021), The Project of Liaoning Province Department of Education

(W201683606).]

AEERIA 2536 (1971-) , 2 AT TRIEN A, 2082, F BRI 5 1T R4k & BT 5T . E-mail:gaimei71@163.com

BERFEHE: TKAEFE. E-mail: 826776587@qq.com



541 i A 1L T IR HR - 285 A - FRBE R PR & b S0 B 765

AT, ANARKE FMNARE | 35 3855 43 ) M HE X
BRI AR KR E S MEMR 5S40
WK ZBIROCHR  BUHRAF PN 45 53

REAWF9E H i 5E 3 B4 LUF 7 i 22 ek
it O DA Z 45 Tk R 5 25 L Rr
KR, MR I RCR s bR . EH AR, RL
FIRME L A RENTPIRES Y E LR, K28
AR AR R DX ) LS R KT . TR, SCEEHE
— By Bt DEA D5t i sk HETBOSCR AR A ik HE il &R
BT FE b, I3 BOH At G Br 4 18RS S B HE
A4, HF —FrB DEAM TR EZMEA =T
FEbR, B0 B HE O R R — A AR 25
BAEL, S0 55 A/ 308 2 58 R i AL 15 2 114 52 W] 3 S - 17
B HE T B S K o @ X HER S 25 —
TCH G R Z , oGt b AT
PR R HE S 20 R AR R i ek ok, 1
HRRHE A0 R RS =0 RS (3E &R
gt ), M A H 38 AR5 048 B0 B =3 Z )
A DMK, R IZ R 5E — TR & R O R
RIS TE T . O X AKAE G EL T, 4T
I, 32 F GM (1.1) T 2016~2020 441 745 =0
REFA MREE A 5 1L T8 I HE (2800 &
FIIA I DR 4 B FH I A S TR 0 300 1 BT 9 AR
Mo
1 W5k
1.1 LT ERGHES A

TRHERL 2207 R R SR ORI =38 Z IR A B
YERAME R 29, BARFI R, 0% Rk s HE 32 4t
TE 4 RN SCRE, $i e HE OO A2 T RE
Hes 53— R HE U A T2857 , 3R3I0 R SR Bk
HEAk i) GDP 7 sy (BRI HERCSCR ) |, iAy F1) T
LUK, AT R JRKIHFETE ZReiR, 200
VR o GV R I B A RN AR SRR AR fig
FE, R A S R D, A s vt il s SRS
Yoo I — ARSI AT R RS F AR BE IR
YRR, S 28 05 K I LAt o Bk HERC = s
RFWEAEMARIESEZ  RER0Y SRR
sz K RAL KBRS A — RN AE B IEE
[R5 o5 — 5 T H AR EE h iy sk (A AE P38 1 G &
P R W ) — S A B e A o AU BRI — 4 AR
et . DRIL, PRER IR 22 0% 2 e R I HE Y Bl 22
VrR T i HE U G . JE TR -2

K- =0 RGN A PR O R R i X
WAt S AT RSk R A R L,
1.2 =BKrB:DEA

1 F =B Bt DEA fE 5 406 #0458 A BE AL 1%
FERREI BB R RSCRAE AL 58 DEA BnfERf , 78
BCIT T , VF 22 25 WE 5T I % 7 12 RE T 4 IR g Al
HE A S AP,

55— By B . 8 %% R SBM-DEA 5 Y, %
Fried , Tone™" B¢ #F 1% £ 5 9F #0122 7= 1 B8 500%
SBM-DEA # AU, AT s 2 3R S e i AR E
ATDARTF 1, B LS R LT 748 14T 1 &
SEAE L, AT 55 R B, N AR

55 B B M EHEAR (L SFA R L 5 — B Be R
% [E AN BT AL e FIREAIL IR 22 1 52, N RE &
LS N PR LG FLIE A FAIOR . IR TESS —
B B, MR Batese Z5 R AT o7 405 SRA4 8 SFA 7] 15
RERY FEA gth A% F i AL B R R BE AL R
AR TCALR 3 A A A8 s ik, A H SFA 1y [ml 15
S5 n YR BRIT AR AR B TR A5 A
[ SR ERIREE N A RTH B W S5 ] (i A7 Do
BA TR T AR (] A DRI 0 M A B
SRR P40 S B

W B PR () DEA RS B B
VRIRE I P A BRI AR R LR B A K, 7 2k
PEAAE  F AL AR = (B A0K SBM-DEA
AR FB 15345 T A B HE ORI, B L S 1Y) I
5 b DX e HE TR AR 3 1) SEBRoR L
13 #HEeER

WA S AP RS FR 2 (B2 2k)
(A 22 38 5 AH AR T A I B S o AR AR
&, TR R G S AU R R R G IR R
G = H WA A RS TR A EAE IS
FE SRR -2 55 K - R R A B
B F R A P EAR Y AR BT TR =0 R S

1/3
C= XxYxZ (1)
[(x+v+2)/3]

X, €N =R G R MG  BUEAE 0~1 Z [, 4
C=11f, Frm = RAGAE T IAEM AR ; =01,
TR RGNS R Z IO, R YL O K
XY\ Z 53 SR HR R 2 5 A i R AR =K
AGMNLEE N E.



766 Hh B

B2 384

H1 TR A B PR I8 1 & G 1A A
JE, Jok S BRI 5 BRI T R I, PRI A S5 LA
A MR BRI A RS R R RS R4
HEMEERERE. THEAXT

D=\CxT (2)
T=aX+BY +yZ (3)

K, D WS ME B, T8 = IC RGNS TEN
L, o By RRTEE REL, % ERHEL &5 &
& IR = F RIFEE L, ila=B=y=1/3,

2 FEbRIEH

2.1 BRHEHGCRINFE IR LR

A EE T 1 IS AR T T
YE Rk B0, iz FH = By BE DEA I 5k HE sk
R REPURA 555 1 REUR 3 AR AR AR AR N
AZR Gt ; GDP A AR HE AR 53 B S A EE 7=
AR R G, TRV B R ARG
P, I 1951 4R s B 3 FF 6] (4 k 22 457125, Tl
2 2% 5k 72 (B 98 O BB R ARAE B9, L 2004
ARSI XL T AR A5 T B [ AT B A A 4
WERAS M M8 38 2004~2015 4F 1T 748 4 1T %A
fE 5, B AT 5 57 ) 015 R RIS T AR R A
M ANEL, B SR TN BE TR B 3R 3k BURE T B
T AR R = s GDP R s
B 18 2004 AEASAE A%, %% R SEPR GDP,, A
TR BT A 1) 3 5 2 2 R AR HE R
A E T RE SORTE 0L AT F 3 P A R R0 ke
I B2 7 GDP B AR R BUR 2 I, 55 —
e EAR R FE L 254, L 2004 45 R AR S 115
REVRIH 2

AR SR AR 225 R i HE i R B0k
ARRHE R, BARA N

Ci=>3Ci=>m;5; (4)

K, €A RHEBCR L BB Rt Cp i
(R j 2t BB R B P RAHE TR 5 m, SR 5 j o 28
REVR T T, Hehn eI 5 6 0 50 j A & s e TR
HIRRHE R R M RRIEFN S . AL TR EH IR T R
M URRE I R RARAREE R 7 SRR IR 1Y ik
HE il 2 E ) TIPCC A A B ™, AR i 2008 4F
(P ERRIR ST TR L) P2 Y 1 25 Fh RE IR AR v
Z:7% ZBC P AR R, JRR B0 BRI T
2005~2016 4F I THTHAESE )P,

2.2 BHEE EFF SRR SRR LR

BT AR S 25 AE P FILEE, IF 2%
FHSCHIE TR, DA HE A AR HE T BEAR
K, BT AR bR ISR HE R A 18800 TR
RN B 1 R0 0 5 i HE A SR HC 104 s 0 5
BB KA LR A 48 K IR TS YL MR T 5 2
PATJT T 2, P10 SRR B B B K P 235 45
B, = RAGW FZHER AR 1. KRR
T 11 R s ) E e R A, 255 HTZ b
LM ZEAE 5 B R0k , A & WAL 45 1L 0.5
R AAIRIAAGE , DI BN FE bR A 2R

3 SRS

3.1 SB—prBr B =FrBti DEA LIRS R

iz Jfl DEA-SOLVER Pro5 % {443, 43 Wil 3215
55— B BEAIES = B BE 2004~2015 4F10 7245 4% T Bk
HEROBCR- YA, W 2. FRFRS IR, 45 B Bt lnl
U258 T4 W, o K I 1 3 e A R B 7
A FOHTT A, AR B 5B T AN IS R R B AL
R B RRHEHUHCR 5 R 208 5 10 55 — B BERRHEL
R Z A 25
3.2 L THEBRHEER B AT

XF HE — B Be gl S 3L TR HARBCR T H(H
1 0.603 T F51 0.398, [ A 33.99% ; 4l A% %
-S4 48 1 0.857 FT130.915, THIE H 6.76% ; KA
B 0.704 FRER] 0.431, [N 38.77%, Al L,
PHEE A R A B ICHCR R R G e AR
BT R R PR TSR AR, AR R AR
HKFRYLERHE T . MR F , RA KA
BRI, oAb YRR R B R, BRAS IR B
M AL BH FEER AL, Hofthh X i 4l F R 3R ET),
TS 2500 DX Al B AR BB BAR Y I R 5 AR A
PR K. FUBRCRIBRIRAK R JFSel T4
A2 1 P B AR BSCR AR S L BT BT (R AN
RBE , 1M SR A A BEK S AR A P SRR
2 I AR KA P R A S

AR S RBOREL e R BRI T8 Bk
WRHEBCRCR I T AR R LA, DL 1, T A
5 RBL T HE e R BOE A — 8, AR I )
TR, AR R EH 2004 411 0.745 T [ )
2015 4F11%0.399; £ JE ZEUH 2004 4111 0.445 T [
F|20144F(40.313, HH, 2005 4F78 5 R 5,
RF]0.873 ;48 5 RS I e R B Fie/ME U [R] s



54 i A 1L T R HR - 285 A - FRBE R PR & b S0 B 767

£1 BHR-ZHRBR-FRRTRAGAVHTRE

Table 1 Evaluation index system of 3E system
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Table 2 Carbon emissions efficiency reckoning result on first stage and third stage of cities of Liaoning Province in 2004-2015
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Fig.1 The change of Gini coefficient and variation coefficient of

carbon emission efficiency in Liaoning Province
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Table 3 Criteria and types of coupling degree
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Fig.2 The spatial distribution of coupling coordinative degree of carbon emissions, economic development and environmental protection in
Liaoning Province in 2005,2010 and 2015
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Table 4 Forecast of coupling coordinative degree among the 3E systems of Liaoning Province
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Regional Carbon Emissions, Economic Development and
Environmental Protection Coupling in Liaoning Province
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of Geography and Agroecology, Chinese Academy of Sciences, Chuangchun 130102, Jilin, China)

Abstract: With the carbon emissions rapid increased, the conflict developed among carbon emissions, econom-
ic development, and environmental protection. Liaoning Province is a typical province with high energy con-
sumption, economic burden and environmental pollution. Therefore, the research has become a new break-
through, which in alleviating the contradiction between the social economy and the environment. In this atri-
cle, based on the three stage DEA model, we can calculate carbon emissions efficiency which is divided into
technical efficiency, pure technical efficiency, and scale efficiency of 14 cities in Liaoning Province from 2004
to 2015. Then three coupling model was established to analyze the relationship among the carbon emissions,
economic development, and environmental protection (3E system). Meanwhile, GM(1.1) forecast model was
also used to analyze the 3E system coupling in Liaoning province from 2016 to 2020, but the results are not op-
timistic. Based on the forecast results, it is necessary for Liaoning Province to take corresponding measures to
solve these problems. The results show that the 3E system coupling in Liaoning Province is still at a low level.
Of all the cities in Liaoning Province, Shenyang and Dalian have been leading all the time. In other twelve cit-
ies, Anshan, Fushun, Dandong, Jinzhou, Yingkou, Liaoyang, Panjin, Fuxin, Tieling, Huludao show moderate
levels; while Benxi, Chaoyang have the lowest level. The coupling degree of 3E system has been promoted
during these twelve years. However, the level of 3E system coupling is still low, which has a big margin for im-
provement. According to the conclusion, taking carbon emissions efficiency as the evaluation index of carbon
emissions system is suitable, and the results are coincide with actual situation in Liaoning Province. In order to
improve the coupling degree of 3E system and reduce regional differences, we believe that all the regions
should unify their own actual development situation, compare superiority and make science formulation devel-
opment policy. Overall, every city should take appropriate measures to promote region carbon emissions, eco-

nomic development, and environmental protection.

Key words: three-stage DEA; carbon emissions efficiency; three coupling model; GM(1.1) forecast model



