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Regional eco-efficiency evaluation of China based on PCA-DEA model

WANG Min, ZHANG Xiaoping
( College of Resources and Environment, Unversity of Chinese Academy of Sciences, Beijing 100049, China)

Abstract In order to evaluate eco-efficiency of every province in China from 2004 to 2012, PCA-
DEA model was applied. We found that the average of Chinese relative eco-efficiency was low and
had no significant change mainly due to technical inefficiency, but the scale efficiency had shifted to
technical efficiency since 2011. Although the eco-efficiency disparities between different provinces
were obvious, the disparities had decreasing tendency. In contrast, regional disparity of eco-
efficiency in the east region tends to expand. Accordingly, policy incentives are suggested to
improve the regional eco-efficiency.
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Fig.1 Evaluation process of PCA-DEA
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Table 1 Comprehensive index system of regional eco-efficiency evaluation
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3.1 PCA-DEA t&Z!%0 DEA &8I 524E
3FEE
TE PCA pMrid BErp &R B0 56 1 R4 LA IR

THFER 55 2 FRr A PR,y B L
DEA HiRIFT PCA-DEA #5805 Hh 45 58 1 22 S v AR
SO 8 M1 ATE RN PCA ik 5 A3 2 2 A4~
A1 A2 143 W4 A BBC-DEA #4581 b 45 5]
2004—2012 4FEH [E BVAE BHCRITFM A IR (R 2).
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Table 2 Comparison of Chinese eco-efficiency based on DEA model and PCA-DEA model from 2004 to 2012

DEA #5174 PCA-DEA
G -
TE PTE SE TE PTE SE

2004 0.760 0. 806 0. 943 0. 581 0. 664 0. 888
2005 0.769 0. 824 0.932 0.557 0. 659 0. 862
2006 0.774 0. 827 0. 935 0.556 0. 656 0. 864
2007 0.777 0. 829 0. 935 0. 544 0. 653 0. 852
2008 0.782 0. 837 0.933 0. 549 0. 659 0. 853
2009 0.762 0. 827 0. 920 0. 500 0. 655 0.779
2010 0. 766 0. 838 0.913 0.528 0. 648 0. 838
2011 0.737 0. 829 0. 892 0. 669 1. 000 0. 669
2012 0. 844 0. 889 0.942 0.781 0.816 0. 955
LA TE 0. 760 0. 806 0. 943 0. 581 0. 664 0. 888
hrifE2E 0. 029 0.023 0.016 0.087 0. 120 0.079

MAFE 2 AT I, 2004—2012 4F rf [ 3 R A 2554
RASEANTK. 2 A5 [ i 1 45 SR A1 2% HH B 24
RN A AR TR IR A, A ROR WIS 8] 2 A I B
P, ST A3 KO (R B2, T PCA-
DEA BIRITEHr DMU 922K B ™ 4% , PCA-DEA
PR H A AR PR AE SR T DEA A58, A
AERRAE SRR bR EZE T , PCA-DEA #5050 i H 4%
AR R P8 R B 22 k. — T,
CEARCRIFRUEZE H7 0. 087, 1] DEA BRI 254
RCRbREZE LA 0.029. 55— 7 T, 16/ R 23 A 3L
SR, PCA-DEA #EY b ali 57 AR R A LR % 5 1)
DX A3 BEREA , BB A55 S50 0 £ 5 2550 S50 ) 5% W B 1)
i EL.

St F A 2 AR AR SO IR B A SRR

RV T A M DX B0 T X L (32 3) . PCA-DEA
A5 A F R T b DX B S 2 T DEA B,
2004—2010 4F PCA-DEA FERI o AT 40 50 ) AR 25
SCRIR B AR, 2012 4FHE & 5 A4S 7F DEA AL
B, dbnt Ky, i AR AR AL T AR ARG AT
1 b NI A8 B AR S RCR AR PR AR (b B
PCA-DEA fRIH BRRAFAb TR A AR SRR A 11X
Ak A R, DEA HBIRE (LT fE S i 4s B 2 B 8508
MARAE (HPEA 28 B AR SRR R SE RN T 34K
PSR BT B R X 22 5, 25 K O I T PR
G3HT.

FH AT UL, PCA-DEA 508U (1) it 45 SR AH X A
W, A7 T 256 R0 0 40 fife, TG R DSR4 1 Dok

£3 20042012 ERTFESHENOEMNAETXE B LR

Table 3 Comparison of regional eco-efficiency frontier from 2004 to 2012

. PCA-DEA #i%! DEA #5171
T X st X
2004 1 dbat 7 Aent/ Ky i/ Wil e/ ) R/ e
2005 1 Jbat 8 S|V SEVARE SoV AR ANNY VAT IV M Ve 3]
2006 1 Jbmt 6 deat/ Kige/ Mgt/ Lilg/ T 4/ 55
2007 1 Jbst 7 e/ Rt/ Mgl BT B/ ) 4/ e
2008 1 dbat 4 B[S VERENE SVER
2009 1 Jbnt 4 dbmt/ K/ ngEd/ i
2010 1 dtat 3 bt/ K/ ity
2011 2 but/ & 3 dbmt/ Ky it
2012 5 AR/ TR 12 Abmt/ Kt/ WL/ N SE /g T 05/ T A/ L AR/ R/ T A/ B v
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3.2 ETF PCA-DEA =B EHIRE  XEAESHCROEHEE.
BESH A rh AT X Z ) A SRR 22 5 W

ZELFR 2 MFE 3,2004—2012 4 [ B Ak A=
BRI KEAE 0.58 124, B BRERANE.
2011 AT H ERE AR S RCRAE 0.5 £ 47,2012 4F
HIRFN 0.7 Ay, X I AL A A HI I T A 48 T
XA R Z. A, SR LA SRR R T4l

AR E AU s, YO R AR
W VL AR TR AR IX A ARRCR AR Y
PP SR N 0. 355. 2009 4448 T AR A 4%
BRI 22385 0. 049 , A BT A AR 4y b X 1] 1

HEBMRZERER HRESA T X AR EE

FEARBCR IR SRR E B T oA SPAAVNIYESS, 2012 4 BT %2 (0..028) N T
FRE L R R LEBAEHE RS 2011 4R 2004 fRRIKTI22(0.033).
HARBORIR BT AR, 45 Hb X 5 {iﬁ%%ﬁf‘ﬁ AR XS
F4 2004—2012 FHEHRESHEENER
Table 4 Evaluation results of regional eco-efficiency of China from 2004 to 2012
X E
2004 2005 2006 2007 2008 2009 2010 2011 2012 4R
dbst 1. 000 1. 000 1. 000 1.000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
Kt 0. 885 0. 860 0. 893 0. 864 0. 897 0.824 0. 886 0.799 0.979 0. 876
el 0. 549 0.537 0. 521 0.510 0. 530 0.544 0. 485 0.775 0. 699 0.572
17 0. 425 0. 421 0. 411 0. 410 0. 426 0. 367 0. 404 0. 557 1. 000 0.491
e 0. 429 0.414 0. 424 0. 432 0. 455 0. 460 0. 441 0. 621 0. 699 0. 486
i 0.516 0. 483 0. 475 0. 467 0. 493 0.519 0. 479 0. 746 0.709 0.543
K 0.512 0. 489 0. 487 0. 496 0. 495 0.434 0. 469 0. 555 0. 686 0.514
IR 0. 463 0. 447 0. 438 0. 423 0. 422 0. 366 0.378 0. 586 0. 462 0. 443
it 0.907 0. 869 0. 845 0. 823 0. 827 0. 857 0. 767 0.919 0. 875 0. 854
FDIN 0. 700 0. 664 0. 661 0. 652 0. 658 0.744 0. 653 0.978 1. 000 0. 746
WL 0. 826 0.798 0.789 0. 761 0. 748 0.791 0.715 0. 956 1. 000 0. 820
g 0.518 0. 484 0. 472 0. 468 0. 463 0. 438 0. 446 0. 638 0. 676 0.511
Einye 0.724 0. 630 0.619 0. 612 0. 607 0. 607 0.583 0. 730 0. 940 0.672
AN 0. 477 0. 464 0. 448 0. 424 0. 433 0. 397 0. 432 0. 568 0. 692 0. 482
IR 0.715 0.709 0.711 0. 693 0.712 0. 801 0. 636 0. 956 0. 999 0.770
TP 0.551 0. 546 0. 540 0. 539 0. 559 0.576 0.501 0. 803 0. 826 0. 605
W 0. 447 0. 439 0. 446 0. 453 0. 456 0. 468 0. 449 0. 709 0. 663 0. 503
Wiee 0.413 0. 390 0. 395 0. 394 0. 405 0. 429 0.413 0.710 0.768 0. 480
IR 0. 895 0. 845 0. 847 0.787 0. 749 0. 852 0.716 1. 000 1. 000 0. 855
i) 0.307 0.283 0.291 0. 286 0.287 0.262 0.285 0. 568 0. 623 0. 355
biAE] 0.739 0.716 0. 709 0.678 0. 673 0.294 0.674 0.539 0.971 0. 666
GV 0. 507 0. 476 0. 472 0. 469 0. 476 0.434 0. 497 0. 605 0. 582 0. 502
Ui 0.423 0. 425 0. 441 0. 449 0. 458 0. 469 0.434 0.729 0. 684 0.501
bl 0.378 0.388 0. 385 0. 380 0. 388 0.268 0.373 0.415 0. 592 0. 396
=H 0. 554 0.533 0.517 0. 500 0. 508 0. 411 0. 467 0. 503 0. 661 0.517
By 0.551 0.526 0. 537 0.527 0. 549 0.530 0.570 0. 585 0. 806 0.576
R 0.473 0. 457 0. 469 0. 462 0. 460 0.291 0.419 0. 401 0. 586 0. 446
Hil 0. 693 0. 642 0. 649 0. 629 0. 626 0. 201 0.593 0. 344 0. 824 0.578
TH 0. 473 0.416 0. 427 0. 418 0. 419 0. 164 0. 406 0.343 0. 501 0. 396
B 0. 385 0.373 0.348 0. 306 0. 285 0. 195 0.259 0. 442 0.944 0.393
L= 0. 033 0. 031 0. 032 0. 029 0. 029 0.049 0.028 0.038 0. 029 0.028
TR 0. 769 0.737 0. 734 0.713 0.718 0.712 0. 690 0. 854 0.925 0. 761
A 0. 476 0. 460 0. 455 0. 451 0. 457 0.434 0. 437 0. 641 0.722 0.504
FEHRE 0. 470 0. 448 0. 451 0. 442 0. 446 0.335 0.431 0. 505 0. 682 0. 468
eIk MY 0. 581 0. 557 0. 556 0. 544 0. 549 0. 500 0.528 0. 669 0. 782 0.585

224 AR b A BRCR I 22 5, [5] i,

S 2004—2012 4F 45 rf 76 355 4 X A 25 300 K P
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Fig.2 Inter-annual variations in eco-efficiency in three major economic regions of China
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Fig.3 Classification of “efficiency-output” type in China
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