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Table 1  Evaluation system of haze control efficiency in Yangtze River Delta cities
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F2 2014—2019 FE—MBK=ZAETEESENE

Table 2 Results of Phase 1 analysis of the haze control efficiency in Yangtze River Delta cities from 2014 to 2019

Hh X ) 2014 4 2015 4F 2016 4 2017 4 2018 4 2019 4 15
g 1 0. 628 0. 661 0.593 0. 403 0. 470 0. 638 0. 566
M 0. 247 0. 350 0. 256 0. 456 0. 463 0. 444 0. 369
% 0.279 0.323 0. 347 0. 396 0.288 0. 365 0.333
M 0.310 0.343 0. 478 0. 503 0. 441 0. 560 0. 439
piXl 0. 307 0.237 0. 411 0. 300 0. 351 0. 469 0. 346
DN (2] 0. 602 0.530 0.670 0. 821 0. 637 0.575 0. 639
R 0.473 0. 427 0. 617 0. 652 0. 503 0. 808 0. 580
7l 0. 459 0.418 0. 428 0. 368 0.253 0. 466 0. 399
BT, 0. 305 0.344 0.410 0. 375 0. 256 0. 565 0. 376
ZEM 0. 656 0.518 0.537 0. 520 0.532 0. 539 0. 550
B 0. 350 0.311 0.397 0.502 0.472 0.611 0. 441
T 0.713 0.531 0.827 0. 440 0.583 0.572 0.611
3% 0. 387 0. 397 0. 402 0. 431 0. 550 0. 424 0. 432
WM 0. 389 0.510 0. 559 0. 604 0. 492 0. 594 0.525
WL % 0. 544 0. 540 0.678 0.583 0. 643 0.597 0. 598
s 0.371 0. 463 0. 442 0. 430 0. 696 0. 690 0.515
FHil 1..000 1. 000 1. 000 1. 000 0. 565 1. 000 0.928
‘M 0.675 0. 663 0.796 0.615 0. 628 0.516 0. 649
M 0.911 0. 835 0.818 1. 000 0.579 1. 000 0. 857
A 0. 345 0. 387 0. 428 0.299 0.731 0. 537 0. 455
JEW 0. 803 0.713 0.814 0. 529 0. 857 0. 807 0.754
LAl 0.766 0.952 0.920 0. 987 0.472 0. 560 0.776
- il 1..000 1. 000 1..000 1. 000 1. 000 1. 000 1. 000
IR 0. 810 0. 801 0. 679 0. 585 0. 563 0. 696 0. 689
TR 0.770 0. 627 0. 634 0. 676 0.743 0.570 0. 670
b 1. 000 1. 000 0.903 1. 000 1. 000 1. 000 0. 984
=21 1. 000 1. 000 0. 827 1. 000 0.672 1. 000 0.917
By 0. 596 0. 588 0. 625 0.610 0.572 0. 652 0. 607
(B3 0. 628 0. 661 0.593 0. 403 0. 470 0. 638 0. 566
T 0. 404 0. 388 0. 462 0. 488 0.414 0.532 0. 448
WL 0.593 0.583 0. 658 0.623 0.579 0. 667 0. 617
L 0.878 0. 870 0. 825 0. 825 0.758 0. 805 0.827
R3 E_ME SFA BAER
Table 3 Phase 2 SFA regression results
R bk 55 8 JIHR AR R i BE A AN AR SRR AR ARA BT G
figie 40 796. 179 *** (769. 061) -5.713(-1.581) -2730.411*** (-126.977)
Lnrgdp -6 287.325**" (-9.415) 0.456(1.241) -506. 570 * (=2.076)
Ind -6. 600 * (-0. 1348) -0.010(-0.762) -34.930( - 1.499)
Lnpd 2709.431*** (3.303) 0.104(0.723) 648. 844" (2.622)
Urb 174. 627 *** (3. 982) 0.010(0. 555 0) 96.212*"* (3. 848)
sigma-squared 29 027 666 *** (29 026 973. 000) 1.645"** (3.631) 2 607 807. 500 “** (2 596 194.200)
gamma 0.989 *** (997. 168) 0.757** (10.305) 0.369 *** (4. 840)
log likelihood function -1 545. 620 -186.780 -1 401.290
LR test of the one-sided error 380.03*** 56.984 178 *** 8.37"

Eokwwr  ww w5 ERFT 1% 5% 10% KFTRE; 35 PHIEH LT ¢ E;sigma-squared R TLEAEZE (LA FERRIEAIRZ R )
#H7 £ ;gamma & T F T AE ;log likelihood function & 7 #4428 F1 44 ; LR test of the one-sided error( 8 #8 LR) & 7 £ 40 2K re b 3.
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Fz4 2014—209 FE="MBERK=ZAWHTEELELEIWER

Table 4 Results of Phase 3 analysis of the haze control efficiency in Yangtze River Delta cities during 2014-2019

X B 2014 2015 2016 2017 2018 2019 S|
g 1 0. 940 0.815 0. 865 0. 844 0. 853 0.912 0. 872
P 0. 819 0. 744 0.772 0. 847 0. 786 0. 801 0.795

T 0. 880 0.735 0. 760 0.718 0. 855 0. 895 0. 807

M 0. 884 0.739 0. 821 0. 861 0.915 0. 901 0. 854

BiNil 0. 812 0. 765 0. 792 0. 684 0. 807 0.815 0.779

DN [2pi] 0. 874 0. 789 0. 819 0.914 0. 875 0. 843 0. 852
ik 0. 875 0. 806 0. 876 0. 875 0. 883 0. 873 0. 865

M 0. 896 0.763 0.827 0. 669 0.784 0.911 0. 808

BT 0. 808 0.738 0. 814 0. 611 0. 744 0. 831 0.758

ZM 0. 855 0. 744 0. 745 0.727 0.784 0.842 0.783

B 0. 898 0. 823 0. 846 0.910 0.913 0.917 0. 885

T 0. 962 0. 908 0. 934 0. 857 0.903 0.915 0.913

% 0.914 0. 838 0. 884 0. 806 0. 886 0.911 0. 873

N 0.923 0. 805 0. 839 0. 832 0. 897 0.943 0. 873

Wi 2% 0.914 0. 855 0. 879 0. 869 0.903 0. 906 0. 888
EoeS 0. 968 0. 84 0. 893 0. 861 0. 966 0. 946 0.912

FHl 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

‘M 0.988 0. 959 1. 000 1. 000 0.990 1. 000 0.990

i M 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000 1. 000

A 0.952 0.715 0.728 0. 645 0.759 1. 000 0. 800

JEW 0.911 0. 824 0. 803 0. 704 0.818 0. 963 0. 837

AN 0. 867 0. 881 0.915 0. 817 0. 837 0. 909 0. 871

e il 0. 869 0. 824 0. 868 0. 850 0.85 0.936 0. 866
BPR 0.933 0.954 0. 801 0. 760 0. 904 0.924 0. 879

TR 0. 847 0.785 0.749 0. 730 0.791 0. 846 0.791

b 0. 896 1. 000 0. 84 0.932 0.938 0.994 0.933

B 0. 996 0.984 0.929 1. 000 0.937 1. 000 0.974

B 0.907 0.838 0. 852 0. 827 0.873 0.916 0. 869

1 0. 940 0.815 0. 865 0. 844 0. 853 0.912 0. 872

T 0. 856 0. 758 0. 803 0. 767 0. 826 0. 857 0. 811

WL 0. 952 0.892 0.919 0. 904 0. 940 0. 949 0.926

L 0. 909 0.871 0. 829 0. 805 0. 854 0. 947 0. 869

x5 FAENEEREREMLEKEXLL

Table 5 Comparison of haze control efficiency levels before and after adjustment

o vrs A 50 irs drs cons
h PR PR S JHRE R PR i) PR JHBE AT PR
2014 4 2 23 24 0 0 4 3
2015 4 3 23 24 0 0 4 3
2016 2 3 25 24 0 0 2 3
2017 5 4 21 23 1 0 5 4
2018 2 2 24 24 0 1 3 2
2019 5 5 20 22 1 0 6 5

=

E cvrs A AR T AR AR AR B IR B F jirs KT AUEIRIN 38 5 dvs T AUBLIR BN 32 98K ; cons AT HLBLIRB R XK.
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haze control in Yangtze River Delta cities
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Abstract The severe haze pollution has become one of the major obstacles to the ecological integration develop-
ment of the Yangtze River Delta ( YRD).This paper constructs a haze control efficiency evaluation system taking la-
bor , capital and technological innovation as input indicators,and the number of days with air quality at or better than
level 2,PM, s concentration and AQI as output indicators,and uses a three-stage DEA to measure the haze control
efficiency of 27 cities in the YRD from 2014 to 2019.The results show that the three-stage DEA model can effective-
ly remove the influence of environmental factors and random errors,and can truly reflect the level of haze control ef-
ficiency in the YRD.The change of return to scale is significantly influenced by environmental and random factors,
and most cities are in the stage of increasing return to scale.The overall haze control efficiency of YRD cities from
2014 to 2019 is high and shows a W-shaped change trend, with significant inter-city differences.The GDP per capita
and the share of secondary industry have a positive effect on haze control efficiency, while population size and ur-
banization rate have a negative effect on haze control efficiency.

Key words three-stage DEA model ;haze control ; Yangtze River Delta ( YRD)



