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Fig. 1 Network structure of ecological well-being transformation in two stages
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F2 2006-2015 F EAESAEIZEIUKFETL

Table 2 Ecological civilization performance in China during 2006-2015

. _ PR B 4% Super-EBM A5 HW B4 DEA B b PR,
LERHRCR WrEet KBt 2 SE-DEA Super-SBM
2006 1.113 1.126 0.988 1.141 1.096 1
2007 1.022 0.993 1.029 1.076 1.059 2
2008 0.997 0.971 1.026 1.048 1.026 3
2009 0.979 0.938 1.043 1.053 1.021 5
2010 0.964 0.964 1.000 0.968 0.955 7
2011 0.924 0.924 1.000 0.932 0.906 10
2012 0.943 0.943 1.000 0.953 0.924 9
2013 0.961 0.892 1.078 1.003 1.001 8
2014 0.987 0.987 0.999 0.991 0.981 4
2015 0.975 0.893 1.092 1.000 1.000 6
FHEIE 0.986 0.963 1.026 1.016 0.997 —

e (1) N TETHEA L, SRaRCR N PIDT B M2 EBM LR T BBSCRIE; (2) BirBol RO 2 T AL
BWReR, BB AN R AL B (3) SE-DEA R IETARIM 1448 DEA SR BAL#(H, Super-SBM
FORFETHRARIT | 25 JEAA s 1 (¥) SBMAS R BRI HL

$23E DEA A ALY 2006 42 H1 2007 4F (ZRARCRIRT 1, HEH P —DMRBARCE, 5
— BB, RECERALBIDEAR R, BIARERIEF GBI DEAR L) . ik 2
IS5 T He T AR B, BB BoA% 48 DEA AR R0 B P LS — A “PRAR
YRS, oIk T S AL R G b Fad BRI RCRAKE, SR G BT 8CRAK T 1)
FUEJRA . i BB BE R 4% Super-EBM A5 RU38 13 B A~ B BE A 40, A5t ANURAS T 28 85%
R, O E BRI T A BRCREAKE, AR T a B AR S S R
S BB PR

M BRCRRTE, B — B RCR YK ARSI DEA B AL, W ARIEFES &
GrH KR RESC BN &, 2B 2 ARR AR S A AR, 158 B B sk
PIKF-SCE0 T DEA A RL, UBH 28 5 1G KX F A AKOF e 21 B B R 1 o AEREAS
], 248 RZHAFERE — B B AE S LT RCREAR T 58 I BO & Be R A, H T
W, EBLTFFENR AR “T—R" 8 PR MRS SO RSO &
M) FE R, A S ST RCR S R R TR S UGy m, FE R RE - —
) T WA AR BRI S A SRR AR AR AR R R

SRR, b1 WIEMSEROKEEAE TR, ShEE L SR A—EIHFE
— I R e JRAR A O, 3 U A AR A R AIE GDP K . Rt
T W E RIRAE A, FESHE T W E Eiers
gy, ARHET BEIHE TS RV B A R TTAG 56, IS T Al RELl & R i AR S SC G, (1
I BB 2K T DUE Y, A BRI TS 8], i — 2 U6 T v B A S S
B AR B — B B2 . e ARSI TS, BUASEGS IE AR R G R R 1K
e, SEEEAL . DL AR RIS T, SE IR N R AR TR T R R SRR, A
ASCHH R ARAR H & SRR S

FEN, T RAL AR W] DEA MIRCRALY iR RARFR ) . % R sth 28 2 i) SBM R L
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R3 2014 FAESTPAREEGHKEERILER

Table 3 International comparison of ecological civilization performance in 2014

E% SE GERCE BBl B2 kA % A ESCE BBl B2 kA

P AR A A 0.666  0.667 0.999 16 | L3l B 0.597  0.613  0.975 24
WA A+B  0.547 0547 0999 28 | E KA A+B 0780  0.824 0947 10
A4 i) B 0.665  0.681 0976 17 |H#A A+B 0558 0579 0964 27
Railin) B 0.638  0.640 0998 22 |#E[E A+B 0351 0363 0965 38
ELpy B+C  0.677  0.681 0993 15 | fifEe B 0.802 0812 0988 9

J[lEwN A+B 0343 0343  1.000 39 |AEPHEF A+B 0.861 0.865  0.995 7

Fjt: B 1.647 1611  1.022 1 |fif>= B 0.836  0.836  1.000 8

B B 0.622  0.645 0963 23 | B 0965 0956 1010 5

h A+C 0297 0355 0837 41 | B 0482 0482 1.000 34
FE5E B 0.538  0.538  1.000 29 | B 0.647  0.649 0996 20
= A+B 0754 0755 1.000 12 | R4F B 0.644 0722  0.893 21
P B 0.984 0983 1001 4 |MZHr A+C 0368 0368 0998 37
PYPET B 0.691 0730  0.947 13 | VB4ERTRIAA A 0.535  0.552 0970 30
FVPIETE B 0437 0441 0992 36 | Wikt B 0.579  0.637 0909 25
oF2 B 0329 0333 0986 40 |HIKSCUEW B 0.504  0.532  0.948 31
P A+B  0.657  0.690 0952 18 | B 0.687  0.708 0971 14
pas A+B 0870 0882 098 6 | tLHH: A+B 0.766  0.889 0.863 11
gl =) B 0571 0627 0912 26 |EH A+B 0476 0476 1.000 35
) 2 F) B 0.652 0730 0.893 19 |@dE A+C 0241 0307 0.787 42
Elje A 1365 1401 0974 2 | ZE&VHE 0.658  0.681 0962 —
1) A+C 0500  0.636  0.786 32 | OECD FEZFfl 0.677  0.695 0973 1

TR B 1.039  1.015 1.024 3 | G0EZEFE 0.611  0.641 0948 2

K B 0485 0486 0998 33 | BRICSEZFHH 0.417 0469 0880 3

E: (1) AU RG20E %, BIUEKOECDHZE, CIUEBRICS [H%, A+B ¥/ G20 FIOECD [HZ, A+CHER
G20 FIBRICS [H % ; (2) LEARCRNEET MM B 4 EBM IR R U BRICRIE, BB 1 AT B RCRAE, By
BE2 MRV B B RCR

R (HARZ R B AR RO ), # T PIBT BN 4% Super-EBM AR AU H R (3%
T, fAAE—ERE LNEMIE., T2, PR B M4 Super-EBM AL BN H Sk (1%
KA AAEHA, REfS T R & U S e B S R, X HA A5 K Wi B B ek 22 B B AR
77 RGNS GO BA AP S S (B
3.2 EREE: FEESXAEIZSESEEITLE

ACRE 42 FEER (1445 OECD., G20 4k E5) 2014 4F Ak i B ds g1 7k
%t FEAESY, T PR B 4% Super-EBM B AY , iz 1] MaxDEA Ultra 6.16 X {115 %] 2014
TERAERINLEA TR BEeR, VUS4 OECD F 5 . G20 B 4% [ K (1)
GUCE YK, AL R 3 R,

WRYEF 3TN, M DEAZEA ORI THME (0.658) KA, 20144 2 ERHAES
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Fig. 2 Two-dimensional distribution of two-stage efficiency
ARSI DT DO F A IR PR TUREE AT TR AT (3R 4), DA v [0 A 255
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Table 4 Redundancy analysis of inputs and outputs

X X, X; Y é

MU R s R s R’ s R s R s
T+ 0302 0.000 0.743  -0.030 0.426  0.000 -0.021  0.000 -0.167  0.085
Elfe 0370  -0.673 0.340  0.000 0.763  -1.058 0.000  0.234 0.000  1.593
TR 0.014  0.000 0.029  0.000 0.038  -0.604  -0.024  0.000 -0.179 0417
e -0.290 -0.047  -0.507  0.000 -0.506  —0.141 0.000  0.120 0.000  0.000
R -0.406  0.000 -0.513  0.000 -1.102  -0.340 0.165  0.000 1181  0.368
Eg -0.662 -0.081  -1.236  0.000 -1.569  -0.329 0.000  0.000 0.000  0.000
B -1209  -0.021  -1.614  0.000 -2.899  -0.118 0.000  0.000 0.000  0.268
i -1.071  0.000 -1.881  0.000 -3.613 -0.519 0.141  0.000 1.006  0.348
ZEIE -1.432  0.000 -2.231  0.000 4771 -0.598 0.176  0.000 1.178  0.730

e (D) SAURAREBEE T ; ACRAB I % X AURAWAR; Y AR HDL nACRA WS,

(2) RFISI35127R A TR AR AR 0] OHE AR St AL d et s 1], SRR R B ATUARED™ ), IE(HRR AR B

PR, FEFIRA SR



6 JeSE % SRR T b AR S SO B ST S PR AR 1269

SRR, R R 0.519 AT, JIAMELES A R dE bR b, AR AIK P AT 4
0.141, FWARFIACE-ATH2 55 1.006, 7= AR A2 [l S 4 T $E 1 19.2%, [R5 X0 A
FEPRIRAFAERS st ), ARSI 0.348 . I AT AT, o A 25 SO R SO - D
MR R AL T AE AL Z R A = AR W I, WhZ07E i > — e AR 4% A Y [R] i
WFRRTHEEA WA, BT “mA . S A= R & R, S
P& AR 20700 JR AR5 h 32 1) 8 o o % JRé AR AN S 42 DL o 1T 5 A8 e (1R ) 32 22
JRRTETRAITURES 2, (AZRERAVKCE - hsm, A B A RIS, EEE
TR “EEA L EHE . mre T RO R R, XERR 2R AR 4 e —
Hiw. HIk, #EAEMEENESTH, EATERIAESAFCRARE N,
BISETEREURTE 9% . H T B ARHE RO T e i — 2 KR b

BH— A BB, RSO TR PR AT, 2 rE SRR B T A, SRR T
2014 A BRIV ECHE HEA T SEUE S BT, DI AMEFRFRIEI B —E AT, AALE—E i sk, ]
WA KD RGNS TR AR IR, Xt AR o0 R SR W A 52 45 5 T e IR S
DL —SufR 2%, (HRX IR M A 25 SC I i Ak 5 AR BB E R AR T . A
AL 5 SRS P aE 0 [ PR i — A AR R B R AN e 3

4 HhigLE

ARSCHE T T R o i, i FH B B 2% Super-EBM A5 A4 3JE 1 7 45 50 3 i
B, FTHFESRAAT R BT, BT A WAL A S SO R Sk — 2 4
il I AT MATARRIBER ,, HEHL2006-2015 4F (R E] 7 50 Big st e« A—37
AT WA AR S SR SROK T TN b, SRR, 42 EEK
2014 4F () AT BCHE R4 TR 1) P R Boxof LU . AR B AR 2598

B, A" B8 TR W, P EA S SCIH AR ST RO, BIARSE
MDEAF R, H “FH7 MR 2B FRGEN R EE . Er g2, Bt
ENERVE . B /R 2AARKHEA BT =7, dmm FVEKF, hEH SRR, (75055
B SEZEERRK, B LEERE “OECD FZEEE . G20 HERKZ . &ikEE
AR AR

B, MWITBBORCRRE , TR W TR L, Y R — B B AR A &
FRCR I BAL T2 I B ST AIRCR, RS SCR RIS U S SCIH 4
SMARACRAR A =225 A

W=, SRS B . R dE R DEABERIAE L, BB 2% Super-EBM A5 75
CRA T IR T AR I A s AR (R, A R R AR (A T RS A, BRI T A N b S B
Sto (AR, X T ARSI K [ B s 2 B B A 7 R G AR S GTRIOTE AL B B
YA

HRAE LA LA 5E 2538, h b sh h B A S SO R, ASCRR R DL R BOR L

B —, FEMEEAE S SCIR AR i R P AR SO IR STRUK T AR T, IR
B GEIRIR TR RIS IS gy, Rl B i BT E ST AL BRI/ 8 T, RIS R ™
6 ) e 2 T AR DAl B B AR SRR I SOBRARLNE , I A T S AR R S IR A S F R
TEMIE LIS



1270 H % % | % i 34

B, MY AT, mife T A e, BRI IHAE, R RE
VEIHAE . F I SRR HE I AT, SRR IRER . TRERR T, FTRUEGEN ek
A—HAE— R HE” BRI A A SRy, B BRI I AR S S 2 T A R AAH B £
EXIEOROp Rzl SABILY IS TE i

S, MsRAR AR B TUZR B, AL A A T FE ORI B, P T AE A A
SRS, T E MM T R EORHRAY [ AR BTIR G R, FEERTHE SRR A A
AR, TR U SERRER R AR TR, TR AR SRR S A B AR
RORHI PR A%, 2L OECD HEZ8nki 1 | /R 2SR E GNP, BURIRRAT & h [ [
TR K A B, b AR SRORIR Y SRR

S 3k (References):

[1] BRE ShE. & =M X E R A S A S SCH@ RSO, AL, 2018, 34(6): 210-216. [MAO Y'Y,
YANG J M. The performance appraisal of ecological civilization construction of national ecological county in Yangtze
River Delta. Ecological Economy, 2018, 34(6): 210-216.]

(2] AR, b ER A2 32 SO S SCI AR, ARl Z83%, 2017, 39(12): 3-5. [HU A G. The new era of ecological civili-
zation of socialism with Chinese characteristics. Forestry Economics, 2017, 39(12): 3-5.]

(3] WAL, MEREF Al 2 i AR 25 SO A B BT8O B B B2, P RS BT iR 3%, 2017, (10): 48-50. [HU W H,
KANG X P. To construct a scientific examination system of eco-civilization performance evaluation. Chinese Cadres Tri-
bune, 2017, (10): 48-50.]

[4] A AR AR 2SSO s E DL k. 56 A H i), 2017-11-12. [JIN Z Y. The construction of ecological civilization
in China being promoted rapidly. Guang Ming Daily, 2017-11-12.]

(51 Wikt BRAKER. AR 2SSO Dy - MO LTS . ZR B2 R, 2018, (5): 25-33. [YANG J, CHEN Y S. Ecological
civilization construction's Chinese approach and its meaning to the world. Southeast Academic Research, 2018, (5): 25-
33.]

[6] WA, LAY nIRRE R N 40 2 MAE Bl R BE BE F), 2008, 23(6): 520-530. [ZHU D J. Ecological
economics: Economics and management of sustainable development. Bulletin of Chinese Academy of Sciences, 2008, 23
(6): 520-530.]

[7] & M0, SRR, FRBRAE. 2014 4F 4 BRFR A G740 5 BU(EPD /0T 5 L % RIS R4, 2015, 43(2): 55-59. [DONG Z F,
ZHANG X, HAO C X. Analysis and thoughts on 2014 environmental performance index. Environmental Protection,
2015, 43(2): 55-59.]

(8] J™Hk, M, RBILL. rh g A A5 ST A R S ST, P AT BUE T, 2013, (10): 7-12. [YAN G, LIN Z, WU M
H. The progress and evaluation of eco- civilization construction in Chinese provinces. Chinese Public Administration,
2013, (10): 7-12.]

[9] 5K, TS5, rb B DXoT REVHE S AL 22 S0 SIS . R 48 T2, 2015, (4): 92-98. [ZHANG D, WANG L F.
Energy saving performance differences and convergence of China. Systems Engineering, 2015, (4): 92-98.]

[10] SCHALTEGGER S, STURM A. Oologische rationalitit German/in English: Environmental rationality. Die Unternehm-
ung, 1990, 4: 117-131.

(1] SRBELE. A BCRAL DI 77 b S RS JE T AT R GEAALBERY. [ SR BT, 2015, 30(5): 748-760.
[ZHANG X D. Eco-efficiency change driven by products and factors: Combining input-output and system optimization
models. Journal of Natural Resources, 2015, 30(5): 748-760.]

[12] MARK, N, SIMMS, A, THOMPSON, S, et al. The Happy Planlet Index: An Index of Human Well-being and Environ-
mental Impact. London: New Economics Foundation, 2006.

[13] KA, d e, 1R, 1980-2005 48 IRl 2 PG X AR A (19 Tk, 2008 4E HE_E i i h 2o B2 AR N T 28 R EE 223
4k, 2008. [ZHU D J, MENG W H, XU P. The contribution of economic growth to welfare in china from 1980 to 2005.
The 6th Academic Annual Conference of Shanghai Social Sciences, 2008.]



6 e LRAARAIILA T AR S ST ST S B LA 1271

[14] 3R, SR A AR A SO K5 2B R I O R/ E. TP AT - R0 5 PR35, 2014, 24(9): 59-67. [ZHU D J,
ZHANG S. Research on ecological wellbeing performance and its relationship with economic growth. China Popula-
tion, Resources and Environment, 2014, 24(9): 59-67.]

[15] e, £, LA SEASEOEMm T, hE AT - B 5 2058, 2017, 27(2): 84-92. [LONG L J, WANG X. A
study on Shanghai's ecological well-being performance. China Population, Resources and Environment, 2017, 27(2): 84-
92]

[16] Jese%s, F 8T, #ot. Je T Uik DEA BRI L A I STROFAN AT 58: AR 35 Il ili il A SR B
2, 2017, 32(4): 595-605. [LONG L J, WANG X, GUO B. Evaluation of urban ecological well-being performance
based on revised DEA model: A case study of 35 major cities in China. Journal of Natural Resources, 2017, 32(4): 595-
605.]

[17] e, “AEAS AT BIFEICAN " A8 SC TR L DAL 22 AR H 1, 2014, (6): 60-67. [ZHONG M C. "Eco-loss Quo-
tas": A key mechanism of construction of ecological civilization. Academic Monthly, 2014, (6): 60-67.]

[18] DALY H E. Beyond Growth: The Economics of Sustainable Developmen. Beacon: Beacon Press, 1997.

[19] EREE. MMM PIRRE & R 4 Tr A IR [R) T iy B T2, 24 R A 91, 2013, (10): 79-89. [ZHU D J. Beyond
growth: What are differences between sustainable development economics and neoclassical economics. Academic
Monthly, 2013, (10): 79-89.]

[20] FhAE, ZEh, B8 R A Hh DK BEIRER (SR BE S 23 A% R 5. A AR BEIRER, 2017, 32(12): 1999-2011. [SUN C
Z, JIANG K, ZHANG L S. Measurement of green efficiency of water utilization and its spatial pattern in China. Journal
of Natural Resources, 2017, 32(12): 1999-2011.]

[21] TONE K, TSUTSUI M. An epsilon-based measure of efficiency in DEA: A third pole of technical efficiency. European
Journal of Operational Research, 2010, 207(3): 1554-1563.

[22] Fh22R, i e, W Bol A T EA Tolk Ak 2 G ARGUHTSCR TN H T M4 EBM AT 534 W2 H T, 2016,
(35): 20-25. [SUN S Y, AN Z L. Evaluation of green technology innovation efficiency of state-owned industrial enter-
prises from a two-stage perspective based on network EBM model. Finance and Accounting Monthly, 2016, (35): 20-
25.]

[23] TAVANA M, MIRZAGOLTABAR H, MIRHEDAYATIAN S M, et al. A new network epsilon-based DEA model for sup-
ply chain performance evaluation. Computers & Industrial Engineering, 2013, 66(2): 501-513.

[24] 3K, 7S BT 2 B AR R 7 (0 B R M 4% SBM S T 14 e [ i L SR AT AR, RS T HE, 2017, (4): 17-24.
[ZHANG H, YANG H M. Efficiency evaluation of Chinese commercial banks based on the super-efficiency network
SBM model with considering undesirable outputs. Systems Engineering, 2017, (4): 17-24.]

[25] FL<te, PhER, FRWIA, A5, b AR AR ORI DXE0E S S s AR RIS, LN - BT FRIE, 2014, 24(1): 47-54,
[CHENG J H, SUN Q, GUO M J, et al. Research on regional disparity and dynamic evolution of eco-efficiency in Chi-
na. China Population, Resources and Environment, 2014, 24(1): 47-54.]

[26] FTHIYR, BRIGELL, Vo 6. 5T 80K DEA AL A ST AR 25 A0RWETE : DUKHRIEL “3+5 i i oA . PR N - 58
5 FREE, 2013, 23(4): 169-175. [FU L N, CHEN X H, LENG Z H. Urban agglomerations eco-efficiency analysis
based on super-efficiency DEA Model: Case study of Chang-Zhu-Tan "3+5" urban agglomeration. China Population,
Resources and Environment, 2013, 23(4): 169-175.]

[27] fATfE . BRAR Ak o e L 5 0 i AR A= oA, Hh I RR 2% B B 1), 2018, 33(3): 274-283. [HE C Q. Route and model to-
wards a great modernized country. Bulletin of Chinese Academy of Sciences, 2018, 33(3): 274-283.]

[28] CHANSARN S. The evaluation of the sustainable human development: A cross-country analysis employing slack-based
DEA. Procedia Environmental Sciences, 2014, 20: 3-11.

[29] RHEINHARD S, LOVELL C A K, THIJSSEN G. Environmental efficiency with multiple environmentally detrimental
variables: Estimated with SFA and DEA. European Journal of Operational Research, 2000, 121: 287-303.



1272 H % % | % i 34

Evaluation of ecological civilization construction performance
and its international comparison from the perspective of
overall well-being

LONG Liang-jun'?
(1. Institute for Contemporary China Studies, Tsinghua University, Beijing 100084, China;
2. School of Public Policy & Management, Tsinghua University, Beijing 100084, China)

Abstract: This study, based on a strong sustainability paradigm guided by ecological
economics and sustainable development theory, aims at measuring the ecological civilization
construction performance of China during 2006-2015 by means of two-stage network Super-
EBM model from the perspective of overall well-being, and then an international comparison
among 42 countries in 2014 is conducted accordingly. The employment of two-stage network
DEA model is to open the "black box" during the ecological well-being transformation process.
Thus, the ecological civilization construction performance is divided into two parts, namely
ecological economy efficiency and economy well- being efficiency. The empirical results
indicate that: (1) The overall efficiency of China during 2006-2015 is 0.986, which is at a
relatively low level, and no single one of the ten DMUs performs efficiently in terms of the
DEA efficiency value, while the overall efficiency is getting better during the 12th Five- Year
Plan period (2011-2015). At the global level, Switzerland (1.647), Indonesia (1.365) and
Ireland (1.039) ranked top three in terms of overall efficiency among 42 countries in 2014,
while China (0.297) ranked the last but one with a very low efficiency. In addition, there are
great differences between countries, showing a trend characterized by "OECD countries (0.677)
rank top, G20 countries (0.611) rank second and BRICS countries (0.417) the last". (2)
According to the efficiency of each stage, the ecological economy efficiency in the first stage is
apparently lower than the economy well-being efficiency in the second stage, and the relatively
low ecological economy efficiency mainly contributes to the low performance of ecological
civilization construction at the whole level. (3) The two-stage network Super-EBM model with
the consideration of both radial and slacks issues can provide more accurate and near- factual
result when compared to the traditional DEA models. Besides, the network Super-EBM model
enjoys a good reference on efficiency or performance assessment in other similar fields that
involve two or more stages. Finally, some specific suggestions are proposed in accordance with
the aforementioned conclusions.

Keywords: strong sustainability; ecological well-being; ecological civilization construction per-

formance; network Super-EBM model; international comparison



