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Analysis on spatial and temporal pattern and the driving forces of ecological-

economic efficiency for provinces on Chinese mainland

ZANG Zheng, Z0OU Xinqing "
School of Geographic and Oceanographic Sciences, Nanjing University, Nanjing 210023, China

Abstract: Referring to the research findings of ecosystem service value, a new concept “ecological-economic output” was
proposed and defined in this paper the connotation and characterization method of this concept was also given. With the
statistical data, ecological- economic output efficiency of 31 provinces of Chinese mainland during 2001—2013 was
calculated. The spatial-temporal distribution, gravity center transferring direction and distance were also analyzed. On this
base, the spatial agglomeration trait and the driving forces were discussed through spatial data analysis method and partial
least squares regression model. The results showed that in Chinese mainland, during the research period, ecological-
economic output efficiency at province level showed three-level graded distribution, characterized by increasing from the
west to the east. Ecological- economic output efficiency had the trait of overall spatial dependence and spatial positive
correlation. Remarkable high-high agglomeration and low-high agglomeration in some regions were stable, and ecological
overflow effect of high-low agglomeration made low-low agglomeration vanished eventually. GDP per capita, road lengths per
unit area and proportion of scientific research funding from GDP drove the improvement of ecological- economic output

efficiency of Chinese mainland. However, the restricting elements were varied from place to place.
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Table 1 Data sources and related instructions
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Fig.1 Temporal and spatial distribution patterns of eco-economic output efficiency in Chinese mainland
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H ] A i A A5 R P AR RS BT . N GeoDa095i 11145 BIR R ] EEE (B 42 )= 4 1] H AH G A8 4L
Moran’ T( 5224540 KR Z MK (P (H RIVSRR P B R ) W3k 3 Fros Ch ik — P52 s i o 45 R 1)
T fdrE ,d i 4 M R 7 ) .
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Table 2 Center of gravity and its moving direction and distance of eco-economic output efficiency in Chinese mainland

A}y Year 25 Longitude 5 Latitude 77 It Direction FEES Distance
2001 116.69° 34.35° — —
2002 116.69° 34.40° =4 5.14 km
2003 116.71° 34.42° Rk 7.63 km
2004 116.71° 34.43° it 9.11 km
2005 116.71° 34.44° It 10.28 km
2006 116.68° 34.45° ARt 11.49 km
2007 116.65° 34.45° [} 12.05 km
2008 116.61° 34.49° (B[ 17.95 km
2009 116.6° 34.50° (B[ 19.71 km
2010 116.56° 34.50° [ii} 22.17 km
2011 116.54° 34.51° (B[ 24.64 km
2012 116.44° 34.54° [iitk]4 34.77 km
2013 116.42° 34.54° i} 36.97 km

£3 HEXEEXES-EFFHRENERZEABEAXEHREREEBRIIEE

Table 3 Global indicators of spatial autocorrelation and its significance test value of eco-economic output efficiency in Chinese mainland

75 % Program [ 7% Program I 7% Program 1II J % Program IV
4EfY Year

Moran'l P Moran’ 1 P& Moran’ 1 P& Moran’ 1 P{H
2001 0.459 0.001 0.437 0.002 0.263 0.001 0.143 0.017
2002 0.452 0.002 0.431 0.004 0.255 0.007 0.137 0.018
2003 0.459 0.002 0.438 0.002 0.261 0.007 0.137 0.019
2004 0.462 0.001 0.441 0.001 0.266 0.008 0.139 0.021
2005 0.474 0.002 0.452 0.001 0.282 0.008 0.145 0.016
2006 0.473 0.001 0.451 0.001 0.279 0.003 0.142 0.021
2007 0.467 0.001 0.445 0.001 0.273 0.008 0.141 0.016
2008 0.489 0.001 0.466 0.002 0.288 0.008 0.147 0.011
2009 0.493 0.001 0.471 0.002 0.288 0.006 0.146 0.018
2010 0.503 0.002 0.481 0.003 0.291 0.004 0.148 0.016
2011 0.517 0.002 0.497 0.001 0.299 0.008 0.153 0.014
2012 0.516 0.003 0.495 0.001 0.294 0.006 0.147 0.022
2013 0.515 0.001 0.494 0.002 0.29 0.009 0.143 0.019
BifE 0.483 0.002 0.461 0.002 0.279 0.006 0.144 0.018

F % T —IV (Program I —IV) 435I K52 Fe I ( Rook Contiguity ) 28 33 8 28 3 25 7 ( Queen Contiguity ) . 25 i1 JE JR | ( K-Nearest
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Fig.2 The scattered point map and LISA concentration map of ecological efficiency of the provinces in Chinese mainland
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Fig.3 The standard regression coefficient and the independent variable of the projection importance of PLS model

H AR AR 2—3 A 45 HL X A9 B8 XO01,X06 . X10 Y VIP {HY KT 1, WA E RAE = B A | s m A
()38 [ 32 HLAR DL R BHIF A (S GDP 19 L EE A 3 AN brox 2 1 45 1 DX AR 25 -2 0 7=t AR 3 A F B AR i1
FH BT 3 SR nT DA 28 R Bl DX 3 A 25 ) Jo] s b DX 36 S (R0 R BOM IR AR ) |, M 7 S0 AR 408 1l X A= 253K
RAHE R, BB A B P AR SRR IR AR SR DG g i 4/ L 2R (B 2)

Bi LR ILFEAFAESN , B 3 s A FE PR AR PR b DX A FH 25 5 A L A I - AR IX B AR T 3 A
AT GDP Y HHE (X05) Wb 2 RS T X SloAF X Az SRR 1, PRI T B AR R R 200 32 b DX i) Ji A AT 5 i
SR EEEBERALE GDP Y HEEE (X02) KRR 4 B A (X07) FIXF 12 X AR S RCR B THE GrE I ([F1E R2 50
MR ), RIS E IS (FDI) 1T BB E e V5 e 4 ahe X FIr > MU H R A 3l X, SRR B i ok
AR 2 55 R SR 24 A = A AR, ST AS R T XA SRR T, BR T 48 bR X02 Z4h, 9 11 B
(X03) W AE— e FEEE 1l 27 v il XA A AR 4 8, 28 B LU IRTH #E R AR A A0 57 Mk 2548 & FDI
Xt 2 L DX A 2555 R A 67 T SRS AR X, R SRR 24 K R R S ik i vl AR S R R A R s e Y L SR
P i DX AR X 92, FDT RN 5 4 480 A IR 3l PG 3 b DX ARG AR S RCR S = VR B 3, Hoh J5 38 0o B35, 1R
TVHERA T AR A AP O N 4 1 v BRI, SR LI R AT B AR | G M DX i A I 2R SR B B2 S
5 MR T HEAR X03 Z 40, lAE 1T HEE (X04 ) Xof PH 38 i X AF X AF 25300 A B i IR G 1 , 2R I X ot
b FEREE I 25 1R IR M 2k 0 THY BT A KT 0 B 5 A5 X SRR AT R T

M 1—3 PrAFEE R nT IR A X 2 5t 75 oA ) & R Y Beas 5, DRt ik sl o] 24 DX 3 A 28 5%
FRILE AR E AT, S 200 78T B KR A X AR A5 - 2055 7 H ORI bR AR 1) VA U R ARG A = 0B i
TIF 5 AT AT A 2R3 4 [X A A RCRAR TG (5 O B 7 3l 1 PP VG A X R DA D 8 A X iy A
BECRFFLLALTE s Ak, HE— 254 T o ) Bty b DX AR 2 R0 108 0 A6 “ BB 427 VE LB i 48 X B b X
ANEE HIIRAR Ry & RS54 DX, [ R b 2 5% 12 B FL T A #0045 o8 R I B, 1 22 DR bl BT L IR
i ) B ) A SRR B TSR W, LU 37 7 08 b i o DX 11 BRI AR 5 R R I P I [ A

3 FrE5rtig

A SRR IR R R AR A P R RN [ e 2 RUBE 19 A 8 3003 Jmy T AR i 34 S 3Rl o LA B 3
ISR L, AR CAES S A XAS RGEMRS M EES W ER B SR T3 T A -2 05 = SR
APV B LR AR TS PR A R 3 T U R RS R IR VS AR ABEIAARHY, PR AR X LA TS G
B A= SRR 9 A s o T 3R S PRI A5 SR A TSR ARG AFOBIRL 30 T 2001—2013 4 H [ K Fifi
31 A XA -2 P M ACR R EO AL sl 7 1n) AL shiE B k4 Fh2s [RIAO 500 T FE M e 2 R

http ; //www.ecologica.cn



1134 PRAE A5 ;v [ A B A 25 - 22 TR SR I I 25 4% Joy S HEBR Bl D] 38 23 11

ZE AV , Dbl AT FE s A e 2 (8] 73 A s Sy BRI 3R WP A B L 2598 40 T

(1) WEFEIT BEN rp R R i A - 2250 7 AR B AR AR T, 1 T o) AR AU 2 85 Y = 0B BE Al s Jmy A
TR AE AR 8 4 DX CH A BT I DURCAE VU B 4 4 DX AR ORI T AR X G, R A X P e
8 A IXHRTFH LR,

(2) BFFE I BEPY rb [ R R A X AR 25 -85 7 SR LA 4 25 () MRS P AR 2 8] TE AR SCARRAE 17 J= 3 S e
A [ R A ——— 3 35 o - e SRR 5 1R A SR AR IR X AR, o - MR 2R DX ) A 25 A8 i ) A0 e £ I 3%
R SR IX YL F B i i /N LA =T 2K

(3) Nt e Ay BV E S [ T AR PN A e S T T R BHPBE e A GDP B LLEE S 3 MR B
F WS T o E R XA - AT AR B AAR T 5 ) 2445 Ml DX A 252008 i Hh sl T i BRI R AR,
AR P DXAR Y S R B BRI EE AR P SR BE BT G BB AP AR BB R
RV AR T LB

AR v M 25 B Y A T ol A 28 AR G IR 55 0 2 B PR 3R D AT B304 T R 31 4 X D AR 2
RGN, 5 UAERE 7 TR WLe AR SR L, TR AR b o S A U A 54 DX T AR MR R B ™ | JBURR
WIS 2 B AT % WAL SR, WT A — 5 B B L OB S S A 5 P, BT A 465 2R 5 i N ) 2R F 5 R e A
ML kD RNZTT R A R BT ML R YR AR SO A5 2 R I B Rl 4y
PHBAE 6 ZRAEZS ARG, Sebr PN REMA 75 T A AR S R G AL ; MR AN [R) 48 X [R] — A= 2 AR G 28 B B 24 4 DA 1 B
S (E M AL FE 5 vt T BB 22 Rt A 25 AR e A W i 1 23 () S M T R f e T B 2SR T R
ARG TS A A RS TR RSO T AR B R GRS IV 07 5 m el S B IR RS, At
ASSCHT A E B AR SRR NI S BT 71k 5 LIERE SEAF R 22 53, INZ P S L A B A I 18 B AN ], )
AE3 2009 1 A AR [ 3R 5 IR S EA AR R —— (R X — SR AR B 1 DXl A 2528 R i [
RZ FEMRBLE S IR B ARAE , SE— LR B AN [R] D5 75 T[] i 23 RUBETT Jié 22 4 B2 AR 2S8R PP IF T A
=24

52 3L HK ( References)

Schaltegger S, Burritt R. Contemporary Environmental Accounting: Issues, Concept and Practice. Sheffield: Greenleaf Publishing, 2000.

]
[2] B, Wil ASRCRITIRIT RS R, A%, 2006, 26(11) : 3898-3906.
[3] FH, Elok, MK, B9, FEWNSNESBRET % B APTORIT. A%, 2012, 32(11) : 3595-3605.
[ 4] WBCSD. Eco-efficiency Leadership for Improved Economic and Environmental Performance. Geneva; WBCSD, 1996.
[ 5] Organization for Economic Cooperation and Development. Eco-Efficiency. Paris; OECD, 1998.
]

MOLL S, GEE D. Making sustainability accountable; Eco-efficiency, resource productivity and innovation. Proceedings of a Workshop on the Fifth

Anniversary of the European Environment Agency ( EEA), Copenhagen, 1998 1-37.

[ 7] Nieminen E, Linke M, Tobler M, Beke B V. EU COST Action 628 life cycle assessment ( LCA) of textile products, eco-efficiency and definition
of best available technology (BAT) of textile processing. Journal of Cleaner Production, 2007, 15(13-14) ; 1259-1270.

[ 8] Figge F, Hahn T. Sustainable value added—measuring corporate contributions to sustainability beyond eco-efficiency. Ecological Economics, 2004,
48(2) . 173-187.

[ 9] Kristina D, Paul E. Eco-efficiency trends in the UK steel and aluminum industries; differences between resource efficiency and resource
productivity. Journal of Industrial Ecology, 2005, 9(4) . 171-188.

[10] Van Caneghem J, Block C, Cramm P, Mortier R, Vandecasteele C. Improving eco-efficiency in the steel industry: the Arcelormittal Gent case.
Journal of Cleaner Production, 2010, 18(8) . 807-814.

[11] Korhonen P J, Luptacik M. Eco-efficiency analysis of power plants: an extension of data envelopment analysis. European Journal of Operational
Research, 2004, 154(2) ;. 437-446.

[12] Dyckhoff H, Allen K. Measuring ecological efficiency with data envelopment analysis. European Journal of Operational Research, 2001, 132(2) .
312-325.

[13] Van Middelaar C E, Berentsen P B M, Dolman M A, de Boer I J M. Eco-efficiency in the production chain of Dutch semi-hard cheese. Livestock

http ; //www.ecologica.cn



12

S % 36 &

[14]

[15]
[16]
[17]
[18]
[19]
[20]
[21]
[22]
(23]
[24]

[25]
[26]
[27]
[28]
[29]
[30]
[31]
[32]
[33]
[34]

[35]
[36]
[37]

(38
[39
[40
[41
[42]

[43]

[44]

[45]

[46]

[47]
[48]

[50
[51
[52

[

Science, 2011, 139(1/2) ;: 91-99.
Erkko S, Melanen M, Mickwitz P. Eco-efficiency in the Finnish EMAS reports—a buzz word? Journal of Cleaner Production, 2005, 13(8) :
799-813.
Aove T. Eco-efficiency and ecodesign in electrical and electronic products. Journal of Cleaner Production, 2007, 15(15) ; 1406-1414.
XU, B, SRR, A fE AT MR A ESSCR I MIRTAE R, AR, 2014, 34(1) : 136-141.
Pt o E XA SRR —FE T AR Rl T k. ML TE L, 2013, 35(2) : 57-62.
PR, JEULDL, BRiE, P, AR TR XA SRS BB 9 KOV . AR AR R AR, 2013, 29(4) : 466-470.
WS, BEGRE. T EAR A ORI 7 55 SE——E TR = Y SBM AR -HT. ZE 25264, 2013, 33(12) ; 3837-3845.
ZRpi, AAEEE, SR, ST RSB RS s 0 1 DX AR SRR R3S . TR X 53R, 2015, 29(4) : 19-23.
SRIDE, AREI, V. BT A ORI SR e R AT %ﬁ'ﬁd&% 2013, (3): 61-64.
BRAERL, 2BHTE. P4 EHh Dk R G A SRR IPE 5 B K &R 4007, b ERH ISR, 2013, (10) : 49-55.
BARpr. vl ) X 358 A AR BRI B s i) PR 2 SGIE Z3 AT ——L 2000-2006 444 Friﬁt%ﬁm rp [E 4 R 2008, 16(S1) : 566-570.
EFEsE, datbh, PR, BRI S 37 REHE S X AR S ROR——FE T 2004—2012 45 Hp (225 I T AR 4508 19 SETE A3 BT, L P I 42k
24 2015, 37(2) ; 69-80.
1EF, ?zﬁ?%‘ﬁé Wb, % BERRHER 3R 1T AR A P b A 2 /xﬁiﬂﬁ*uﬁﬁﬁﬁ %%‘ET&, 2012, 30(12); 10-18.
WK, B2V SN B TR AR SRR SRS IR, 2012, (11) ; 128-144.
BHE, *ﬁﬁ BB P EE R S XA aﬁz?a@?ﬂﬁﬂﬁ%;b R - BRSPS, 2013, 23(11) : 53-60.

DL, ATELDR. RS A A RCRITA MG P R R 28 SCER AT S h S PR, 2015, (3) ¢ 127-130.

/J% TR XS S AT S PR 2 RS EE [ D] M A . R R, 2014,

B, R, Tk, FRERIASKRNE 2 25, EBFIR, 2014, 34(1) : 142-148.
PrEl, EER, PR DXBURS B & R T IR IE Tl A S AU X 2s 7 53R, RE TRHIS 5508, 2013, 33(12) : 3095-3101.
TR, RAEK. T HCR DEA B b [E4 bR A SRR 25 22 2 0P8, 32, 2011, 8(3) : 443-450.
Johnston R J, Russell M. An operational structure for clarity in ecosystem service values. Ecological Economics, 2011, 70(12) ; 2243-2249.

ARSI, [E

Miler K G, Aniyar S, Jansson A. Accounting for ecosystem services as a way to understand the requirements for sustainable development.
Proceedings of the National Academy of Sciences of the United States of America, 2008, 105(28) : 9501-9506.

e, A, WAL, FBE, XU HEE R A SR M ETEG. HARBEEA, 2003, 18(2) : 189-196.

Tobler W R. A computer movie simulating urban growth in the Detroit region. Economic Geography, 1970, 46 234-240.

Goodchild M Fs. The validity and usefulness of laws in geographic information science and geography. Annals of the Association of American
Geographers, 2004, 94(2) ; 300-303.

bte, ZRN3C, i, BIFTT, ERENAE. SARS MBS MY ¢ KR T AL RERI. B R, 2003, 7(4) : 251-255.

ZE, TAEW. FoEE A A4S B RE R 25 B A ——JE TR R M2 R B0 S Ui S53E. ERWFsE, 2012, 31(1) : 95-106.
TTE, ERHL, BRIRLL. BT GeoDA HYIA KFF TolEHE GDP 28 [ SCHEE. HUBIBESY, 2011, 30(6) : 977-984.

THAT, M. BT R/ D I mIF ) LIRS B R R B0 A3 . TR X 5 88, 2015, 29(2) : 14-20.

rh A [ o e A RBORT. R R A5 1T B 2012 4F KR S IG B g TAE. [ 2015-07-01]. hitp://www. gov.cn/gzdt/2012- 11/
21/content_2271750.htm.

e N RIEFIE E R R R S 2 A 4. ST BN 2012 4 /22 S IR0 I A 1T T91 52 3 6. [ 2015-07-01]. http://www. gov.cn/zwgk/
2012-05/24/ content_2143976.htm

rhe N RN [ 5K R R 2 2. DR BN R 2012 4F v e e e IR 1 SR T T8 (9 38 . [ 2015-07-01]. http://www. gov. cn/gzdt/
2012-09/04/ content_2216235.htm

PR ANREMEEZ LR SUCEZR 2. T HEATSRENHE. BRKEZEMEL, [2015-07-01]. http://www. gov. cn/zfjg/ content _
726858.htm

PEEZG R, 2002—2011 i ESEHEYE. BRI R, [2015-07-01]. http://www.stats. gov.cn/tjsj/ndsj.

rhie AR ] R U, b R R IR ST AR bt bR AR, 2012.

FAESS, B, R R ASET TR RET . RS T FDI? K [ e E A ORI ARBOE BOTESE. 2255 PFIE, 2011, (3) . 97-104,
116-116.

B, skRTaT. A S R AG RMNE. BlAEidE ik, 2000, 45(1) : 17-22.

FRAR, JOE, & RA:, INAE. B A PR IR A B A 25 B Ay i B A B 2 AR 3 AT b 3ARRA ) 2014, 34(6) ¢ 672-680.

e, B5FE, JUHE. 2ERESRERS M EEERTsE R, JEEBF, 2001, 23(6) : 5-9.

W, ¥R, BFE, HE, BR —DETERNIRNAESREMS M ETr . AATEY4R, 2008, 23(5) : 911-919.

http ; //www.ecologica.cn



