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Temporal and spatial change and improvement potential of

efficiency of urban circular economy in China
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Abstract: Based on the timeliness of the study, the impact of unexpected output and the recycling
characteristics of circular economy, this paper reconstructed the evaluation index of urban circular
economy. Targeting the data of 31 provinces, autonomous regions and municipalities of China from
2011 to 2017, this paper employed the data envelopment analysis model to analyze the efficiency of
circular economy in China’s provinces and municipalities. The results show that; 1) From 2011 to
2017, the average efficiency of circular economy in China’s cities was not high, with extremely uneven

distribution; 2) In 2017, the technical efficiency of circular economy in eastern China was the highest,
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while the technical efficiency in central China was equal to that in western China. 3) In 2017, it was
shown that pure technical efficiency was the highest in eastern China, the middle in central China and
the lowest in western China; the scale efficiency of western China was higher than that of central
China, while the scale efficiency of eastern China was the lowest. In short, they were important ways
to improve the efficiency of circular economy in Chinese cities in 2017 by reducing investment in fixed
assets, reducing sulfur dioxide emissions and increasing the comprehensive utilization rate of general
industrial solid waste.

Keywords: city; efficiency of circular economy; data envelopment analysis
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Table 1 Evaluation index system of urban

circular economy efficiency
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Table 2 Technical efficiency of urban circular economy in China’s provinces and municipalities from 2011 to 2017

P [ Ay

2011 2012 2013 2014 2015 2016 2017 SE 1
b5t 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
R 0. 896 0. 930 0.927 0. 970 0. 969 1. 000 1. 000 0.956
Tt 0. 470 0. 445 0. 420 0.388 0. 388 0. 390 0.376 0.411
1L pg 0. 450 0. 425 0. 383 0. 361 0.321 0.298 0. 608 0. 407
SEdnn 0.438 0.425 0.392 0.326 0. 360 0.326 0.275 0.363
i 0.573 0. 602 0.598 0.595 0.597 0.797 0. 829 0. 656
RN 0. 808 0. 889 0.951 0.939 0.910 0.902 0. 824 0. 889
By AN 0. 790 0.799 0.779 0.769 0.726 0. 682 0. 658 0.743
g 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
b 0. 610 0. 590 0.566 0.566 0.567 0.563 0.563 0.575
e/ RAN 0. 655 0. 604 0.579 0.523 0.507 0. 485 0. 491 0.549
L 0.618 0. 605 0.572 0.571 0.571 0. 545 0.558 0.577
Pk 0.599 0. 607 0.589 0.559 0.578 0.582 0. 580 0.585
PN 0. 668 0. 692 0.672 0. 645 0. 630 0. 622 0.589 0. 645
ES 0. 624 0. 634 0.617 0. 605 0.509 0.502 0.509 0.571
O] 0.517 0.521 0.511 0.513 0.528 0.538 0.536 0.523
il 0. 660 0. 690 0.676 0.691 0.726 0.736 0.723 0. 700
HiE] 0.735 0.765 0. 764 0. 784 0.815 0. 838 0.816 0.788
IR 0. 826 0. 803 0.786 0.705 0.682 0. 667 0. 657 0.732
i 0. 544 0.558 0. 547 0.519 0.525 0.541 0. 500 0.533
A 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000
iR 0. 742 0. 802 0.769 0.792 0. 822 0. 814 0. 784 0.789
1| 0.592 0.618 0.611 0. 602 0. 620 0.623 0. 639 0.615
BEM 0.498 0.452 0.406 0.425 0.416 0.415 0. 407 0.431
=W 0.461 0.426 0.398 0. 368 0.395 0.419 0.406 0.410
74 i 1. 000 1. 000 1. 000 1. 000 1. 000 0. 930 0. 861 0. 970
B Py 0. 624 0. 634 0. 622 0. 642 0.611 0.589 0.558 0.611
Hf 0.493 0.429 0.405 0. 384 0. 363 0. 362 0.578 0.431
Hig 1. 000 0.973 0.909 0.973 0.825 0. 861 1. 000 0. 934
TH 0.974 1. 000 1. 000 1. 000 0.963 0. 836 0. 749 0.932
EiE 0.529 0.424 0.355 0.336 0.318 0.314 0.309 0.369
-3 {E 0. 690 0. 688 0.671 0.663 0.653 0.651 0. 658 0. 668
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Table 3 Urban circular economy efficiency of China’s 31 provinces and municipalities in 2017

) HARZR 4l AR E FIAE R B 3
Jbat 1. 000 1. 000 1.000 —
Kt 1. 000 1. 000 1. 000

HE] 0.376 0. 448 0. 840 drs
] 0.608 0.750 0.811 irs
NEain 0.275 0.331 0.832 irs
I 0.829 0.891 0.931 irs
Ak 0.824 0.832 0.991 irs
HIpyT 0.658 0.663 0.992 irs
S 1. 000 1. 000 1. 000

YL 0.563 1. 000 0.563 drs
WL 0.491 0. 904 0.544 drs
T 0.558 0.663 0.841 drs
fiagci 0.580 0.661 0.877 drs
YLVg 0.589 0.591 0.997 irs
1A 0.509 0.848 0.601 drs
NN 0.536 0.751 0.713 drs
bl 0.723 0. 888 0.815 drs
W 0.816 1. 000 0.816 drs
IR 0. 657 1. 000 0. 657 drs
i} 0.500 0.502 0.995 irs
g 1. 000 1. 000 1. 000 —
BN 0.784 0.786 0.997 irs
Py i 0.639 0. 806 0.792 drs
M 0. 407 0.421 0.968 irs
= 0. 406 0. 408 0. 994 irs
75 5K 0. 861 1. 000 0. 861 irs
i) 0.558 0.559 0.998 irs
Hil 0.578 0.674 0. 858 irs
i 1. 000 1. 000 1. 000 —
TE 0.749 0.912 0. 822 irs
B 0. 309 0.345 0.895 irs
S Y4 0.658 0.762 0.871

T« — R MU A5 A AL 5 drs 2R MUBEIC A5 38 08 5 irs s LA W 4 0 18
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A7 AT BH 8 ANE A H RBCEL T 0.600 LT L3 456 B o = 35 4348 16 31 2 % 5 R 3L
RN R RAAE TAHE AR MRS . WXk E . i REN o S5HEAR
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HARBRZE A K., PE—H 00l LU 2 b 38 K Ik i bR M 22 4 0. 184 A% T 74 & . 1M H. 76 4+ R 5%
RALT 0,600 f 8 AN TH . P4 ML Xk i T 4 > i S0 0 3 B0 T T Al B R SRR
3.3 HMERERSW

MR F G 5 BT IR N 1. 000, Bk 76 1Y $0RL 203y 0. 998, YT PG A1 5 J< 1 B 4%
BO%A 0. 997 130 B 48 T (9 B AR AR R F] 1. 000, (H 2 5 85 0t A 72 RS £ 28 4F 8 3530 . 2035 1 43 b
B /N 1] PLIE AL R BB ROR Bt . WL UL IR L L AR R AR B R ORI I S BOX 4 A
T ARCR T M, dE— 25, AR 3 Al 1. 1L P L P9 52 0l 5 15 A48 i1 A T BURE Ui 25 8 14K AL IR
A — 25 14 T3k S8 48 T Y B IR RN L Gl R R R B i AR M L VLR A 11 A4 A T AR I
g 28 DBOIR S o DRI O X 264 1T 36 2 el D BE R A 2 S R A P R DR — B B ROk AR P E 31
AN T BB R (B O 0. 871, vl VG 38y X AR 80 i w8, P B0 O 0. 919, Hh it X,
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o T FP P S DX I U S AR 2 TS ) R N AR TS DX R g ) B R I A 4R T X A R

4 HPEHHEAZFAELEBER

MEA 73 A7 0T 60 5 A J2 BT A 48 T ) T A0 P 28 B AR R R A AR L T — AP as T BCC L, 3157
2017 AE [ 31 S48 T AE T AR B0 28 B i A A% T A B8 AR N SO A E R . B R I
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Table 4 Improvement potential of urban circular economy in China’s provinces and municipalities in 2017

i ﬁ?ﬂﬁ?ﬁﬁ(%i&lzﬁﬁﬁ lﬁl“ﬁ%t :?Wc@ﬁ 1&5%;‘*; — i Tl A 5
JH PR/ ({4 kW « h) BA/MT HemciE /0t BE /Mot L M %
dt x5 0. 000 0. 000 0. 000 0. 000 0. 000
Kt 0. 000 0. 000 0. 000 0. 000 0. 000
A 0. 000 3 420. 245 22. 496 0. 000 0.178
1L 75 723.298 0. 000 41.915 0. 000 0.109
NEnn 157.509 0. 000 16.957 0. 000 0.110
T 736. 899 0. 000 33.237 0. 000 0. 300
Mk 0. 000 5 035.168 12.124 0. 000 0. 000
B 0. 000 1 489. 327 17.935 0. 000 0. 000
I 5 0. 000 0. 000 0. 000 0. 000 0. 000
T 0. 000 0. 000 0. 000 0. 000 0. 000
WL 618. 137 3373.186 0. 000 0. 000 0. 000
2 0. 000 10 891. 225 12.735 0. 000 0. 000
TE 0. 000 6 779.216 5.112 0. 000 0.125
MINii) 0. 000 6 341.713 11.218 0. 000 0.152
g 0. 000 17 090. 248 42.108 0. 000 0.016
A T 0. 000 16 915.015 12.617 0. 000 0.032
il 0. 000 16 409. 566 14.419 0. 000 0.160
biilEa] 0. 000 0. 000 0. 000 0. 000 0. 000
I 0. 000 0. 000 0. 000 0. 000 0. 000
i 0. 000 3 147,222 6.801 0. 000 0. 000
a3 0. 000 0. 000 0. 000 0. 000 0. 000
IR 0. 000 5 283.516 16. 815 0. 000 0. 000
Py i 0. 000 12 773.939 25. 633 0. 000 0.358
Fe 0. 000 0. 000 26. 706 0. 000 0. 000
= 0. 000 1 936. 235 14. 390 0. 000 0.035
i 0. 000 0. 000 0. 000 0. 000 0. 000
S 0. 000 6 134.905 13.992 0. 000 0. 220
= 133. 355 0. 000 12. 310 0. 000 0. 000
R 0. 000 0. 000 0. 000 0. 000 0. 000
TH 376.410 0. 000 12. 969 0. 000 0. 000
HiE 0. 000 0. 000 11. 202 0. 000 0. 000
S 88.568 3 774.862 12.377 0. 000 0.058

NFE 4 0] LA M R v v ] T A B AR R B ) B A S R A A YT AR R R e e XA
L T 2 2 ARG 2] 5 58 7 B8 A 920 — SR AR R R o I — B Tl T A R W 2 T AR A [ B 4R
AJTTH A 15 A8 AL T B G RUAR S b i A A A R i e KB T 51060 AR R 498
(] 3 Y2 DU AT R 22 B0 L AR R R DG LT W87 4 A T 29 B S T 3006, AU BR AR
T A 21 A T HERGE P S HE R R LA > 43,8300 LA, A HE R I 3% K R R a2
(48 THALHR LT Il PG AR CEE DR U L T R R IE VL IR VB TP R VY L X 24 T A AR AL
B HE 8 i £ b e A T 5000 . 3 8k v [ A R 2R U RO AN AR 14 IR I TE T — R Tl TR R A 2
SRR A A BRI ST 0], 2 A V2 1000 A48 Th2s (8] . FCr, DU 1] % 52 71 43 ) die oK 3
T 900 5 10T L PR VG L VY Y — i ol [ 4 B2 5 9 A A8 A R 32 T 23 18] L 5 FAR AT S B A 22 T
40204 b EULIILL b 4 A48 T NI — 25 0 RIS BRI — 8 Tl [ 5 5 2 s oA T A 7 A
{ELAY 3 8 55 3 4 v — P oMb [ A I 57 0 M) R

5 & &

2SSO AR 5% K a4 23 B A 28 w8 BCC BREEL 7 391) A AR RO L A5 AR R0 RITRASE R0 114 £ J5E
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A v 1 3ol O B 22 T O RR . 5 R BN S A0 I AR I S R A R ) LA R A R R B BRI ER R AR
TR — S8 A B HE R 0 — e Tl [ 4 B ) 255 5 ) T3 A BBE A 48 A b L B 4% 2011—2017 4R A G 8K
P A R W FEREAS X e B 31 AN T AR SR O PR R U AR AT T IR AT . RS SR A AT AR B LR
4518

1)2011—2017 4F 1 [a] . pr [ 31 A4 17 09 300 T 708 35 28 57 80 B AR B (A i v [ 45 4 T BOR R 8
L IR A MR AR D DR 7 T A B SSCR AR R i Al e v s b T T A T A T JR AT BF 22 T 7 T U ¢
b 4 [ R K R ORI T . 2 31N E I LA 19 N TR EORCRMEAR T 0. 700, 40 T
BORARAL A AR KA TH 2 6] . 2017 48, v [ 2R 9 3 DX B0 07 B 28 T BOR RO B vy » i A 3t DX 15 1 4 3 [XC
4706 B 22 D H R BRI AR 45

2)2017 4F P E 31 AV L AR X R BRI Al R BORI(E DY 0. 762, 4 9 DA I 2EE AR RN
1000,/ 12 DA IR PE R ZFF R AL T 0. 700 BUT X BB b [ JF RSl T 0 3R 22 55 i A v R H AR Ak
TRARMEA KN A BRIEARBGE R T1 . WX AT R T A AR SR 70 A5 5 B SR G o3 A
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