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Abstract; Improving eco-efficiency is an important way to achieve green development in counties. In this paper, firstly, we
considered the win- win cooperation of county economic development and the difference in development orientation in
Jiangsu Province. Secondly, the added values of primary, secondary and tertiary industries were selected as the key indexes
to set up three different county economic development orientations. Thirdly, by using the improved benevolent cross-
efficiency model and the Malmquist productivity index, the eco-efficiency and total ecological factor productivity of 32
counties in Jiangsu Province between 2015 and 2017 were measured under three development orientations. Finally, the
difference of ecological efficiency and the driving force of total factor productivity change in different counties were
analyzed, and a green development model that could take the advantages of each county was explored. The results show
that: (1) on the whole, the level of ecological efficiency of counties in Jiangsu Province is high, but there is a big gap in
the ranking of ecological efficiency of counties under the jurisdiction of the same prefecture- level city, and the radiation

effect of counties with high ecological efficiency is insufficient. (2) From the perspective of different development
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orientations, the average eco-efficiency value of the county is the highest under the green economy orientation, the next is
under the rural revitalization orientation, and the lowest is under the new industry orientation. At the same time, the eco-
efficiency ranking of the same county varies greatly under different orientations, with most counties belonging to the rural
revitalization category, followed by the green economy category, and the new industry category being the least. (3) From
the perspective of dynamic analysis, the county ecological efficiency in Jiangsu Province has been gradually improved.
Technological change is the main driving force for the growth of ecological efficiency in Jiangsu Province, while technical
efficiency change is the key factor restricting its development. The technical efficiency change indexes of most counties
remain unchanged or show a declining tendency, indicating that the ecological technical efficiency of the counties in Jiangsu

Province has not improved shortly.

Key Words: county ecological efficiency; differential evaluation; cross efficiency; Malmquist index; multi-dimensional

development orientation
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Fig.1 County eco-efficiency input-output relation diagram
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ik SR fems it e
Index Index category Proxy variable Variabe
BTG R PR Exae i ia iy X
Input index FE A Mol A5 %)
RERIEA AR 3
T ARA A X T R Xy
IR W™ Sl i
Output index LA HAE ST RA] SR Y2
SR {E s
S/ 2731 T Ya
S = RN {E ¥s
X A T T A Y6
E 3 T Vet Tk IR KA ¥7
Tolk — S AR ik ¥s
A OB ) e HER Y9
% FHR %51 RRO Y12 Z 15,65 97508 X0 b 395,607,585 ¥0 = 173,54
Tk 17 NTO Y3YaZ 1Y5:06.07:05 Y0 | 30506507205 :09 = 171,72 ]
LBEZYHR 1 GEO Y5 X6 Y7:Y8 Y9 = Ly aya i 2 = ys. 0l

RRO: % ¥ 4 2% 5[] Rural Revitalization Orientation; NIO: # % T. I 5 [i] New Industrial Orientation; GEO: 4§ @, 28 % 5 [f] Green

Economy Orientation

2 LIEERSR

2.1 ARSI

FIIH MATLAB R2016a #cf4, #5831 i A 7= bR, 7 5 4i S 1 eloik i 28 A8 SURCRAR T AR i iR
RT3 Fp ok R T ) AR A T VL9548 32 B3 2015—2017 4R 1A 880, EELE K 2 fidk 2
JIT 7 (PR B8 DUASr/NERD)
2.1.1  VLHVE S M X B B ROR e b

Kl 2 S e R TE T AR R (BN S8 B U i 1) 22 57 ) A K 3 Tl [m] & i St ] B VL9048 = Kb X B
BT FEASBCRIIEN . FEICARKA T TR = KX ) B AR S 3R B AR5 0.9700 LA L, HI5Rm |
I b = R X AR SRR 22 AN | RT3 A — KM X AR A W UR A9 1 FH 8 JE AR A AE [R]—IKSF-, SR0MT,
FIEEEAIBLE? M 3 B R R IRE , FE5 SIS £ R R 2408 8 Tolk & & F i, = K X B
B A ORISR AT — 22 500, L 8 Tl e Je e ) B A AR SRR I, 2R N 25 e i IR, HL b
X P B KT R IR RS TER O RSN T, S as R 5 AR S R B —3, X H AT
SRS I 32 1 2 A ROR AR Bl Nk 0 J B th & 19, R — 38 TG a3l 2 X ek 2 SR o — 3k, DA
L ZEREN], R BB T Kk e T 1] e 8 Bl 45 28 B BMCAS [R] 4 B 78 0 42 4 H AR SR RRAE DA S IX R 2%
5o B, A E R R R T ) R AR T B A SRR

SR IX Y B AR SR 22 5 5 ) R AR S RORIEA R, X 5 Wang Ml Chen P B Z5 18— 8, X2 T4 =

http ; //www.ecologica.cn



9222 £ A ¥ W 41 5
T4 B2k k]
> >
S 1.0000 S 0.9700
3 0.9950 30,9600
2 0.9900 2 0.9500
S 09850 £ 09200
2 09800 2 0.9300
: o : o
g o a5 s
E 0.9550 - B Bt Q;éf ﬁ 0:8500 ' B st Q@éf
# 0900 K & = 1 HRMK &
2015 2015
2016 5017 P 2016 5017 P
EM Year S Year

PR TSR LA LT T
> >
2 0. 2 0.9700
e £ 0.9400
& 2 09300
] ] 0.9200

09100 B s

% 3 0.9000 b3 &
= B 08300 B (5
X % 08700 e A
o b 2015 ” P

2016 2017
SEH} Year

B2 ZHRERSETIFREDMEK 2015—2017 EiF4SRE

Fig.2 Eco-efficiency of counties in Jiangsu Province from 2015 to 2017 under multi-dimensional development viewpoint
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Table 2  Results of annual average ecological efficiency of 32 counties from 2015 to 2017 under the guidance of multidimensional development

TR Z R4S ATl S 1 ST
X Bl Unconstrained RRO NIO GEO
Region County . N - X
&S He4 HES He2 e He4 &S e
piNe] TLRAT 0.9806 23 0.9559 12 0.9301 15 0.9462 16
Southern Jiangsu Province =623 0.9900 9 0.9704 6 0.9778 4 0.9848
L 0.9965 3 0.9715 4 0.9840 2 0.9968
[0 0.9485 31 0.8911 29 0.7889 31 0.8455 32
EATIN ) 0.9912 8 0.9694 7 0.9617 7 0.9232 25
Ke 0.9866 13 0.9568 11 0.9317 14 0.9550 13
FHHT 0.9611 30 0.9344 19 0.8851 23 0.8985 29
EZ7Lihi] 0.9995 2 0.9938 2 0.9995 1 0.9995 1
AT 0.9616 29 0.9271 22 0.9094 18 0.9471 15
i1 [X 41 Regional mean 0.9795 0.9523 0.9298 0.9441
il BEE 0.9700 26 0.9061 27 0.8860 22 0.9158 26
Central Jiangsu Province B 0.9833 19 0.9270 23 0.8574 27 0.9077 27
I=EN] 0.9918 7 0.9693 8 0.9398 13 0.9492 14
s 0.9622 28 0.9211 24 0.8911 21 0.9370 22
W 0.9937 5 0.9569 10 0.9676 6 0.9016 28
SN E 1.0000 1 0.9988 1 0.9717 5 0.9990 2
AAETT 0.9828 20 0.8975 28 0.9476 10 0.9782
R 0.9860 15 0.9604 9 0.8405 29 0.9356 23
ML 0.9927 6 0.9533 14 0.8578 26 0.9440 18
YEVLT 0.9861 14 0.9364 18 0.9816 3 0.9575 12
EP 0.9843 17 0.8539 32 0.9197 16 0.8856 31
HiIX H4J{E Regional mean 0.9848 0.9346 0.9146 0.9374
It RifgE 0.9826 21 0.9328 21 0.9084 19 0.9436 19
Northern Jiangsu Province HaH 0.9896 10 0.9715 4 0.9452 11 0.9650 10
bR =S 0.9803 24 0.9467 17 0.8515 28 0.9311 24
M 7K B 0.9867 12 0.9122 26 0.7833 32 0.9405 20
T 0.9668 27 0.8906 30 0.8694 24 0.9626 11
B 0.9796 25 0.9487 16 0.9485 9 0.9801 7
SFFBH B 0.9949 4 0.9797 3 0.9013 20 0.9454 17
JES(RA0 0.9858 16 0.9187 25 0.9192 17 0.9852 4
KA 0.9842 18 0.9511 15 0.8579 25 0.9385 21
AT 0.9818 22 0.9333 20 0.9447 12 0.9651 9
W PH T 0.9364 32 0.8905 31 0.8359 30 0.8900 30
Wk £ 0.9896 10 0.9536 13 0.9510 8 0.9815 6
Hi[X {8 Regional mean 0.9799 0.9358 0.8930 0.9524
B ¥ Provincial mean 0.9815 0.9400 0.9108 0.9449

HITAE 3 Bl A S 1) T, 2% ELI0 A A 80R HE 44 52 BN A [R] i e gl v B Jpde sl B 2= ik 10 £ LA
b IR 2 Sy 145 R HEA e POps B sk =26 (3R 3) , D B A b IX 9345 B3 WP A 5 i 5 i S )
b B A LR B B L, AR 3 AT AR I, & MR BB H i 247 14 7%, DL 48 R 2808 A
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2.2 BRI

FETIT IR BB 2015—2017 4E T B , FFH DEA-Malmquist 45550808 % H AR B 80R T 30 28 523 4
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Fig.3 Increasing and decreasing indexes of the total factor productivityof the county ecology in Jiangsu Province

TFP . & ZE A 7= Total factor productivity

ML 3 0L, AN B TFP [R] B34 K i Bl 13 A4S, 43 BRI BT kR s R e IR E
WARR JaZeih R E @B RE s SR T B TRP R B RS A R T AR
H R R R RS 6 BB, iR — B BUR R 0 TRP 284k, 3D AW R A
i AR 5 AR TEP 43 9188 K T 98.6% .95.3% , 38 32t %o 33 5 4~ B 48 70 A (] A 9 1 J3 4 %
P, R B Tt AR L TP E 20 a0 B Sl A i R R PR v B A5 T G HE ORI 2D . LTIk SO, HETL
=N, T 2017 AER9 Tl SO, HE R e F AR 79.2% , @1 E: 2016 4FE 09 Tolk SO, HEjif = [7] be -4
WD 53.5%, K3 R NE AT RIE BT R e Y TEP T R EE A4 8 10% , Hofth B B A sk
[ TFP SR BE AR AR . 78 2015—2016 4R E A5 A N BH T, DA AE 2016—2017 AF [H] A B % T 1] T,
M T TFP B34 98 (A 1 /0 T 8055 T 0.005, BT AR 3 ik 5 o, MR TH 5 45 2R 38 m) 1, 2015—2016 4 F1
2016—2017 4EFASEHIEY TFP A9 LT 20 510 1.045 1 1.025, BEHAVT IR 48 Bl A B RCRAE 2015—2017 4%
(PSR NES: w ros I

4 R RS B R AT R A RIS L i RS AR BU LY 5 s . Ak
F B EER ARG E N 1.035, 3K RN 3.5% , UL 2015—2017 4 [AVT 754 B AR iy A 4
RO R LI S KA E W E S 60 A0 T7 I &R X 5T Ak (0 k e it i AR B SO A H
FERFR  JCHRGER T /A KLIK VLIS 58 U5 2 R AL LR 29 R DL e B TR S PR /S A =
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PETE 178, RIS G 07 36 AT BEVHE TAE 271 T A SRR AL N 2T B ReR, £ 4 9, R
P e E AR AR BEER R EW EL N 1.465, BAKMHE = 28 0.914, 2B E AL P 3R 2P 1
KA 194, 5 rA 24809 59.4%
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Table 3 The optimal classification of the ecological efficiency of counties under the guidance of multi-dimensional development

&5 Category H.77 County

£ BHE 2 RRO ‘?iig?fﬁﬁ{%%i%\EIJJﬁT\i(ﬁﬁT\ﬂ‘FHﬁT\ﬂH?REJ'E?Fﬁ?\%ﬂjﬁ\T%?Hilﬁﬁf&‘%ﬂﬁﬁi“@i%j@ﬁﬁ?%ﬁ]ﬂiﬂﬁ\ﬁ
T2 NIO BT R B Mg R R T BT Bl

SEZTSE GEO AT ETT FRIGE ik i BT AL PRI RH T

AN [ i T 2 AR ], DU LS8R /AN 5 3 il AR 22803 s B4 AR/ IV AR ) L™ Ml MU 29 A K R Tl 26

R4 20152017 EIHFHEHENESLERETRIEHRELHE

Table 4 The annual average ecological total factor productivity index and its decomposition of county in Jiangsu Province during 2015 to 2017

B3, County EC TC TFP B3 County EC TC TFP
bR 1.000 1.045 1.045 B 1.018 1.025 1.044
KK T 1.000 1.116 1.116 PUESTE) 0.976 1.001 0.976
Bl 1.000 1.010 1.010 MR 1.000 0.998 0.998
KA 1.000 1.037 1.037 ST 1.000 1.008 1.008
mARR 1.000 1.061 1.061 e 1.000 1.013 1.013
JAARTH 1.000 1.017 1.017 ﬁiﬁirﬂﬁﬁwﬁ 0.999 1.065 1.064
FENE 1.000 0.992 0.992 AR B 0.998 0.932 0.931
e R T 1.000 1.036 1.036 M 7Kk B 1.000 0.999 0.999
FHH T 0.988 1.045 1.032 ESERA0 1.008 1.036 1.045
M 1.000 0.914 0.914 BTH 1.000 0.989 0.989
M 1.000 0.932 0.932 AR 1.016 1.442 1.465
SFFRH B 1.000 0.985 0.985 AAETT 1.000 1.009 1.009
FERit 1.000 1.047 1.047 GIEiT 0.989 0.992 0.981
el 1.000 1.252 1.252 VRBHT 1.000 0.920 0.920
i’i?‘:ﬁff fix 0.999 1.032 1.031 T BH T 0.969 1.007 0.976
BT 1.000 1.032 1.032 LB 1.000 0.950 0.950
T 1.000 1.061 1.061 ﬁiﬁﬁfgﬁﬁ 0.998 1.019 1.017
B 1.000 1.451 1.451 fﬁlfﬁ mean 0.999 1.036 1.035

EC: HARMCR Technical efficiency ; TC; Fi R4 Technological progress; TFP ; 2% 2 A4 7% Total factor productivity

IR 448 YIER TR |, $ AR CRAS S8 U35 F R 0.001% , X TFP 3K R0 5Tk 2R S -0.29% , i3t B
FARBORAAAN) T SR L2 T 2B R A R AR5 TFP A K3 RV B aoR gk e B R i
B0 PTiss , SR L B RCR AT IR I S s A Frdt . BRSBTS K 3.6% , HOXT TFP #4431
TR N 102.86% , 76 SR EARIE T 2R A= RIGE TFP (3R R B AR I AR SR RO e UE T
EREERATRRECE KM ESRE, BRRIS BB 24 RS EARBCR B8 55T 1, KRR
BN HARRCRAR a5 S 1 AREE (A B E AR TC 22K, FAR M8 K iy 24 bl
AR AT RIS T 45.1% 44.2% 25.2% , @83 Y1 18.96% 39.2% 20.8% , i ARIB S0y B A 11
A HPHE AR KER B, FRET 8.6%, M AR KK ZORE , FAR U5 20 oF H K
1) R, M ARBCRAESFREUNT 1, W6 29 - K
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1,032, 3 H TC ¥ 1.032, 15 B X 26 Bl i A 25300 A0 19 B Bl | R 7820 J2 Al g Lot 20 ) 32 I
R, AP TR B, TC HMEH 1.065, JEME——2 TC = T8 FIE AL, Ui e S AR kA8 fie
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1, R BB TC ${H 8 =2 /N, TC /N T 1 BYEEE T 60% , BT 7S iUy B BB A ZIR AP Y I e 2k
SRR BORBEN SR, T80 AAFEHOR DR A SRR B . Ak X =28 BB EC
PEAFR/ANT 1, 4 B3 A 2 SRR TSR A SR A0 S P fr it — 22 s

3 ZBR5RTF

ARSCHET 2015—2017 AFVLIE 32 B b g5d |, 78 24 % J S 1 A R EA B 29 SR i ik
A8 LRI Malmquist A5 77 88 E000 BB BRI T 704, DA HESI VT304 DL 3R B At b X A=
AXERRMESE  BEN S, FEER SRR,

(1) NERERKE ,2015—2017 —ARETLIRAE B34 AR S AKEB0m , 70 e b BBl 2R
R A B S R AL EAEAS[A) &  S 1) = Kb X B3 1 A SRR AT A —E 2 5, At X
BIAEH AL T T 1) N RCR TR, FETRl— Mg mly , FL T A Bk A SRR HE R 2205 K, A SR &
) Lo LA 207 s R O VE D, A SO A 2 o BRI , T e A SR e v B R R S sh VR, AR 2K
SR B BCERH A 8% 4 A SR ERESh R E 1 B0 28 B PR & SR AR SR AL RA L, AR A —
A ML TTA TR X R — ANty , 20N 50 < 2Tl ZANHMNET 1R ST R R AT A AR R

(2) VLA B B RORAER R & e T 1) F HEA 25 K HEA et o 28 BB R e & AR SR 2k o
G0, WFEEDKE LR, A SFCREAROLET 0 T i, SRS S N R, B8 Tl 5 m T i,
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VLI BN 25 25 B AR SRR 2 E b BRI AR B KO AR L5 Bl A S e sk A 7 %
BRGNS R, M4 K S EE I EARYCRA S8 B AR AR o R B IR IS, R WL 54 BLsoR]
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AR ESAC R B T K PR T VL IRE BI AR 2SR50 ST IR B PR 8 0 R S =l St =l
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