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Spatio-temporal Pattern Changes and Optimal Strategies of

Provincial Ecological Efficiency in China

TU Tao, ZHU Qingying, MEI Yun, CHEN Yinrong
(College of Public Administration, Huazhong Agricultural University , Wuhan 430070, China)

Abstract:In order to explore the optimization of regional ecological efficiency, the Malmquist-super-efficiency
SBM model was used to measure Chinese provincial ecological efficiency from 2005 to 2016. Then, the com-
position of the regional ecological efficiency and causes of inefficiency were measured by Malmquist index and
the factor of input-output relaxation rate respectively. In addition, the spatio-temporal dynamic characteris-
tics of regional ecological efficiency were explored by the Spatial Autocorrelation Methods. Finally, the corre-
sponding regional ecological efficiency optimal strategies were put forward based on aforementioned analysis.
The results showed that: (1) the regional ecological efficiency of all studied areas presented a gradient
distribution pattern of ‘East™> Central>> West’; and expect Beijing, Shanghai, Hunan and Chongqing. the
ecological efficiency of most provinces and cities had shown a downward trend over years. (2) results of the
decomposition of Malmquist index indicated that changes in technical efficiency and technological progress
had little effects on regional ecological efficiency at most of provinces and cities, but changes in technical
efficiency of four provinces in the western region had a positive effect on ecological efficiency, they are
Sichuan, Yunnan, Qinghai and Xinjiang, at meanwhile, the changes in technological progress and technolog-
ical efficiency both had a positive effect on ecological efficiency in Beijing and Guizhou. (3) the low ecological
efficiency were ascribed to the contrasting redundancy rate of each factors including labor, energy, land and

water resources, and excessive undesired output, and it is most serious in West, followed by Central and
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East. (4) the regional ecological efficiency presented an obvious spatial positive correlation, and its spatial

correlation pattern was relatively stable over time, but there were some noticeable changes at local scale.

There were different aspects and degrees of improvement of input-output factors in different provinces and

cities, and the regional ecological efficiency could be promoted by strengthening management and technologi-

cal innovation, optimizing the input-output structure, and coordinated regional governance.

Keywords: regional ecological efficiency; malmquist-super efficiency SBM model; input-output relaxation

rate; spatial autocorrelation; optimal strategies
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2012 0.912 0.998 0.912
2013 0.864 0.928 0.930
2014 0.860 0.926 0.927
2015 0.912 0.938 0.972
2016 0.909 0.975 0.938

WMEEFR A K, X )ZTH E L N EF,BREA
b A T4 AU EE = R JE SR 3 AR/
T 0.2) b AR A B R U AR AR B 7 1 o B
LA O % B 5 6 A M DX L YR AR L 55 3h g L RE R AN
M A BT AR DL R RN SRR 3 K
VR A TUAR BE AR I 2R 7= Y 3 2 5y 7™ o5 P
Hb DX 45 BEF B RS I 4 ] 2R AL P
b DX 8 A TUAR BE RV 7= M OR JE SOR i 3 2 Ah
AL AL R FAE R = o 0 O R R AR O M,
e A S et 4 2 TR e b DX AR A A AR
2 78 43 b R AR AE 28 0% & TR 1 [ B, 4% o 3R B0 28
HH A L AR AR EREE P AR T AR KA 7 T 5 5 P
DX B BE AR B R A 4R R FE 0 A0 OB A= B A
FE B [ 2o e B A RIIE R B 2R A ad i s AR L
V50 b DX, 2 3 DX 1) AR 57 B0 ) L RE VRN - b A A
245 R 38 43 B R (A A 0T 7= s T [ A7 A 5
MG . AT B AR Bk U, A R R 7
T AN TR 1 DX B A S Rl 25 1) . AR AT
AR I M X A NS R H T E S
DX s 4 55 Bl B AT F S HOR LVE TR TP
B PG A5 M T AR B A s X T RERB AN & T H NS
T CHOR B S i X U AR B R o R A
M T2 L8P H b 5K A b X T4 B
B R KR IR AT . T B H R R LS
S5 TU A% BE B s RHIH EE E H (GDP) i, AR L
U I T b A DX A 2SR A N A L HE A
A AH R S B A (A A — o 22 8L LR L
DO 2 N N1 = = INA N i A N, N I £ 7 N
TR M X Tl B K HE R o TR LN S
R TE TS R L IL T A X T R AR R
B S TS G H R T E LTS X Tl

A % 5 HE it L SOL HE R B m A T E .
R NAE TN NN S 3 A RbE E 2 &
e B HE DR N Sty T B R AR CH R SBRPY L)TP AR
X, Zf b M XA AR TUAR MR B 7 ik B 3
JG F PG S b DX A AR RO A AR Y R RN AT
rh PG ER b X 28 B A e R B AR B IK T A R IR
FAME AR R KRS i T AR e 5 G LR HE R Al R
B SBRF R 5% 3 3R 7 AH A, DR, 2 s A B R
T AR AR R = . AR M DX 2 R R
TR e BB g 7 B, R DX IR I AR
PR R LR BE A ey DR Ot A B DX B A A Ak
LT P R M X T E— 2P P T K 2
i 2R M X A S ORI B S
24 RBASHEZTEXBEERHEDNH

DX AR SRR B 42 R F R DR 25 R 7 L BR AN T AE
By A I7E 5 060 By i 35 PEOK P Rl kA 5, Hodr 2005
42008 4F.2012 4E 2016 4E % Moran'I 185043 51N
0.256 7,0.146,0.193,0.205 , 3 B X 384 2530 % 25 (8] I
3T EA B 23 [R] TEAH DG L Ay B T 244 4 IX sl A 2
R R 23 0] JE AR SR 38 i AreGIS 24l i 27k »<<0.05
KR RS 1] H A LISA 2R E(E D,

2005 4F, HH 288 X A7 b 50 f K e, HL ZE AU X
A P, LH 28R XA VLI ML, LL 28 X A B
S CHOR S U] T BRI TS 2008 A, HH 28
XA b A 2005 4F, HL B X 800 7 2%y, LH
FERIDCIE N T VG, LL 2B X/ 7 9 1] 5 2012 4R,
HH 28 XA b 5t fn g, HL 2R X H A e T,
FHEE 2008 4F, LH ZE AL Xk A T 7774, LL 28 A9 X,
BT T EABEVE ;2016 4F, HH 28R X A5 1 ifg Al AR
LA 2012 4E, LH M HH 288 X G 28 1k, oK
HL 8B X, A] UL, DXk A 25 850 A 28 ] S B AK =) 5
23 [B) o3 AR A% SR 45 S B iR — 3, B HH 2R R IX 40 #i
DXl AR SO = W AR B T Ay, LL R X Ay
A7 T DS A AR ROR AR B 5 4 R 267 DA A R PE AL R 4
By o X PR R AR W A T 2 B R R AKCF i Ll A
Jry B A 3 DXL SRR BR ORI e i, X
BRORIE UGRS3 8Ok . P h &
UF KR IKAR A% G2 i 28 U R s =k L T IX AR 2
WS Y SR, AR KR B - AT
LLRZS . DRIh R LRI E i T 3 & &
FHARAR B IX A A R R R R B LL 5 HL £ 2K,
ORI B ) 3RS, 4 A Sl X R S sloR &
] G HRAE SR AR B R e L 45 S X R B A T AR Ak
AR Y R 5 2% 4 T S it ) BR B BSR4 A
WUAR J e AR AN A5 R A G,
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T4 SETEYBRATHRMEE
WK TORF ARHE
WA gishh BRI At KWW MIEPE ToREKEH TAEAEH TAREESE SO, PRl A
B[ 0.000  0.000  0.000  0.000  0.000 0.749 0.000 0.000 0.000 0.000 0.000
Kot 0.144  0.175  0.290  0.087  0.129 0.078 —0.386 —0.387 —0.362 —0.398  —0.336
maLE  0.052 0531 0583 0.007  0.404 0.000 —0.377 —0.768 —0.912 —0.721  —0.845
I7E4  0.010  0.238  0.323  0.068  0.240 0.038 —0.271 —0.380 —0.407 —0.390  —0.399
M 0440 0.548  0.728  0.280  0.803 0.000 —0.592 —0.843 —0.942 —0.910  —0.942
T4 0019 0314 0.537  0.294  0.439 0.000 —0.410 —0.708 —0.871 —0.725  —0.844
HMAE  0.207  0.541  0.530  0.284  0.759 0.000 —0.727 —0.640 —0.833 —0.744  —0.905
WRITA  0.000 0149 0.202  0.212  0.327 0.043 —0.043 —0.147 —0.328 —0.275  —0.363
L 0.000  0.000  0.000  0.000  0.000 0.347 0.000 0.000 0.000 0.000 0.000
L4 0.161  0.471  0.203  0.000  0.660 0.000 —0.741 —0.425 —0.565 —0.467  —0.553
WL 0.000 0.000  0.000  0.000  0.000 0.169 0.000 0.000 0.000 0.000 0.000
FHAE  0.000 0461 0.190  0.441  0.253 0.000 —0.207 —0.504 —0.734 —0.537  —0.664
WHEA  0.000  0.060  0.045  0.038  0.108 0.091 —0.074 —0.078 —0.153 —0.021  —0.118
L4 0.230  0.749  0.331  0.145  0.841 0.000 —0.800 —0.597 —0.921 —0.796  —0.842
IW&E4  0.012 0305  0.302  0.016  0.251 0.041 —0.378 —0.413 —0.489 —0.457  —0.428
M4 0125 0.682  0.469  0.029  0.548 0.000 —0.538 —0.604 —0.794 —0.764  —0.841
Wdes  0.048  0.614 0515 0.118  0.750 0.000 —0.554 —0.606 —0.791 —0.689  —0.761
WEA  0.000  0.000  0.000 0.000  0.000 0.190 0.000 0.000 0.000 0.000 0.000
T4 0,002 0.146  0.114  0.064  0.259 0.076 —0.334 —0.218 —0.183 —0.280  —0.211
I 0.068  0.671  0.404  0.404  0.816 0.000 —0.738 —0.723 —0.741 —0.821  —0.859
WE4  0.000  0.000  0.000  0.000  0.000 0.318 0.000 0.000 0.000 0.000 0.000
A 0.000  0.245  0.242  0.335  0.064 0.014 —0.097 —0.188 —0.206 —0.425  —0.370
g 0.000  0.391  0.324  0.240  0.144 0.002 —0.001 —0.223 —0.561 —0.498  —0.466
FME  0.015 0504 0.503  0.146  0.389 0.016 —0.160 —0.527 —0.692 —0.702  —0.676
A 0.088  0.649  0.500  0.054  0.617 0.003 —0.382 —0.593 —0.833 —0.709  —0.742
BAiE  0.087  0.652  0.493  0.092  0.678 0.000 —0.642 —0.616 —0.866 —0.863  —0.868
Hik4& 0252 0785  0.678  0.402  0.899 0.000 —0.737 —0.794 —0.909 —0.915  —0.897
#HWH 0233 0.671  0.686  0.154  0.687 0.025 —0.602 —0.710 —0.856 —0.753  —0.852
TH 0.232  0.634  0.798  0.626  0.937 0.000 —0.873 —0.882 —0.894 —0.939  —0.938
i 0.041  0.368  0.613  0.148  0.847 0.006 —0.294 —0.609 —0.751 —0.775  —0.836
SEFY 0,082 0.385  0.353  0.156  0.428 0.074 —0.365 —0.439 —0.553 —0.519  —0.552
ARIBFEL 0.036  0.182  0.189  0.046  0.204 0.170 —0.245 —0.272 —0.321 —0.279  —0.303
hEEY 0.078 0429 0.320  0.162  0.465 0.034 —0.392 —0.435 —0.601 —0.524  —0.597
FE¥BEY) 0132 0.556  0.543  0.262  0.626 0.006 —0.465 —0.610 —0.750 —0.755  —0.768
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