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Abstracty; With the development of 1ndu%tr1ah’zat10n and'llurbanlzatlon in China, there are,many environmental problems e%pe(lally air
pollupon hich ‘has“serious impacts on the sustainible development of economy," ecological environment and public health. Since
2013, a Seties of environmental protection Jaws and regqutmﬁs and industrial and energy policies have been successively
implementéd, including Action Plan for Air Pollution Control; and Three-Year Action Plan to Win the Blue Sky Defense War etc. The
air quality’ of the whole country has been improved. In order to evaluate the dynamic changes of environmental health benefits from air
pollutioni control in China, this paper estimates the health effects and health economic losses caused by PM,  pollution, and makes a
comparative analysis among different regions and cities based on the data of 297 cities at prefecture level and above in China from 2015
10 2018. The results show that, due to sharp decline of p( PM, ;) , the population exposed to p(PM, 5) >35 pg-m ~decreased year by
year, and the proportion of the total population decreased from 80. 88% to 62.32% . The total number of all kinds of health endpoints
decreased from 33. 23 million to 15. 91 million, health economic loss decreased from 1 579. 04 billion yuan to 838. 42 billion yuan, the
proportion of healthy economic loss in GDP dropped from 2.31% to 0.99% . Among the six regions, the index values of Beijing,
Tianjin, Hebei, and surrounding areas, and Chengyu areas have declined year by year. However, Fenwei Plain areas, Yangize River
Delta areas, Pearl River Delta areas, and the middle reaches of the Yangtze River show a complex trend of increasing in some years and
decreasing later. However, the situation of Fenwei Plain is still more serious than other areas, and the p(PM, ;) is next to Beijing,
Tianjin, Hebei and surrounding areas. p(PM, ;) of all 11 cities still exceed 35 pwg+m > in 2018. Compared with 2015, the number of
early deaths decreased by 1500, but the total number of all kinds of health endpoints increased by 18 900. The health economic loss is
80. 711 billion yuan, an increase of 10. 714 billion yuan than that in 2015. The proportion of health economic loss in GDP is 3. 16%,
which is 0. 25% lower than that in 2015. The per capita health economic loss is 182. 67 yuan higher than that in 2015. In terms of
cities, from 2015 to 2018, p(PM, ) in 228 cities decreased with varying degrees. Among which, Dezhou and Baoding dropped the
most, only 10 cities saw p(PM, 5) rise. 14 cities saw an increase in the number of healthy endpoints, and 11 cities saw an increase in
the proportion of healthy economic loss to GDP. Although the index values of Baoding, Xingtai, Handan, and other cities have
declined year by year, they still rank top 10 every year. The index value of Xi’an, Xianyang, Linfen, and other cities in 2018 is more
than that in 2015. The research shows that the environmental health benefits of air pollution control are significant in China, but it is
still necessary to further strengthen regional joint prevention and control, as well as one city one policy.
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Table 3 Health effects in the six regions in 2015-2018
@y R fEBE iz
KB RGBT p(PMys) LT _ —
B ugem TS0 NN (3/=T 70, N BEEYIN JLRHTTA
g 2015 28 84 14.83(4.03,23.93)  10.66(0.01,20.99)  8.80(5.60, 11.95) 628.82(348.48, 893.42) 278.51(100.44, 443.53)
% 2016 28 77 13.37(3.61,21.76)  9.14(0.01, 18.07)  7.52(4.78, 10.23) 540.56(299.29, 768.70) 278.51(89.22,395.24)
E2
i;i 2017 28 68 12.42(3.32,20.39)  7.26(0.01, 14.43)  5.97(3.79,8.13) 447.29(247.41, 636.65) 247.80(72.89, 323.92)
ﬂlzﬂ 2018 28 60 8.01(2.12,13.27)  5.33(0.00, 10.65)  4.37(2.77,5.96) 324.29(179.19, 462.03) 147.27(52.84, 235.63)
w2015 61 2.16(0.57,3.57)  2.09(0.00,4.16)  1.30(0.83, 1.78)  57.52(31.80, 81.92)  31.76(11.40, 50.80)
$ 2016 11 67 2.80(0.75,4.59)  2.78(0.00,5.52)  1.66(1.06,2.27)  76.20(42.16, 108.42)  45.44(16.34, 72.56)
E 2017 11 65 2.68(0.72,4.41)  2.68(0.00,5.33)  1.61(1.02,2.19)  85.48(47.28, 121.66)  40.34(14.50, 64.45)
X 2018 11 58 2.01(0.53,3.33)  2.01(0.00,4.01)  1.21(0.77,1.65)  57.36(31.70, 81.73)  35.20(12.63, 56.33)
k2015 38 55 7.98(2.10, 13.28)  5.05(0.00, 10.11)  4.14(2.62, 5.64) 318.90(176.13, 454.56) 147.13(52.75, 235.60)
% 2016 37 50 5.26(1.38,8.79)  3.70(0.00,7.42)  3.02(1.92,4.13) 210.95(116.44, 300.85) 97.99(35.10, 157.05)
Wooo2017 37 51 6.47(1.70,10.79)  3.52(0.00,7.05)  2.88(1.83,3.93) 189.80(104.80, 270.63) 95.51(34.23, 153.01)
Ko 2018 33 47 3.79(0.99, 6.35)  2.53(0.00,5.08)  2.07(1.31,2.82) 140.11(77.33, 199.84) 68.22(24.43, 109.36)
T 57 4.23(1.12,7.03)  4.15(0.00,8.30)  1.83(1.16,2.49)  116.12(64.16, 165.46) ~57.71(20,70, 92.35)
W 2016 14 55 3.88(1.02, 6.46)  3.77(0.00,7.55)  1.66(1.05,2.27) 107.87(59.59, 153.74) 5. 82(18.8 /82, 97)
% 2017 14 50 3.64(0.95,6.00)  2.51(0.00,5.05)  1.11(0.70, 1.51) ~88.06(48161, 125.58)  43789¢15. ;2, 7033)
Co2018 14 4 1.54(0.40,2.60)  1.44(0100, 2.89)  0.63(0.40, 0.86) [~ 46.11(25.44, 65.79)  23.26(8(32,37:30)
;§ 2015 28 55 4.60(1.22,7.63)  3.66(0.00,7.31)  2.99(1.90, 4.07)F 117.82(68, 12, 167.82) 65.65(23. 57, 105.01)
L2016 28 50 3.55(0.93, 5793)  2775(0.00,5.52)  2.24(1.42,3/06) 87496(48)571125.41)  49. 64(17‘-79 79 52 F
i J
iﬂg 2017 28 49 3.84(1.00,6.33)  2.60(0.0075:16)  2.12(1.34,2.87) |105.59(58.30, 149.56)  52.62¢18:85 83. 61)
X .-2018 21 45 1.76(0.46/2.97)r,  N.49(0°0052:99)  1.21(0.77) 1465) 48.86"(26.9'7,;,69.70) 29.09(10.42,46163)
g 2015 47 01 B 0.19(0.05,0.32) 5+ ng (0700, 0.22)  0.09(0.06,0.)2) . 6.62§3.65, 9.45) 4.33(1.55, 6.95)" |
ﬁjai' 2016 3}{-‘ <l 0.07(0.02¢ 0.4 “0:04(0/00,.0.09)  0.04(0.02, 0.05) 2.58(1.42, 3.69) 1.64(0.59, 2.64)
| 2017 2 ° 139 0.09(0.02; 0.15) / /70.05(0,00, 0.10)  0.04(0.03 0.06) 3.91(2.15,'5.58) 1.95(0.70, 3. 13)
Hh f A
K018 |1 36 0.01(0.00, 0.0F) /' 0.00(0,00, 0.01)  0.00(0.00, 0:00) 0.23(0.13, 0.33) 0.15(0.05, 0,247
/ i o Ll s 3
TN ?’E”EM el R, L T 23 IN (A R R AR
KHE, R0y Wil A(PMyedd LT A - - - = e A i
T Y W - S T N TS TPV ‘
g; 005 28 s 14.83(4.03, 23.93) 204.98(79.96, 298.39) 44.73(19.05, 60.76) 1191.32(557.57, 1752.98) 6.28(2.94, 9.24)
%5 iy
¥ f2016 28 77 13.37(3.61, 21.76) 179.85(68.72, 266.62) 39.58(16.45, 54.78) 1037.81(482.07, 1535.41) 5.43(2.52, 8.04)
E 2017 28 68 12.42(3.32,20.39)  146.92(55.00, 221.90) 32.60(13.21, 46.00) 855.24(395.63, 1271.44) 4.45(2.06, 6.62)
Iff 2018 28 60 8.01(2.12, 13.27) 108.85(39.77, 168.00) 24.44(9.62,35.29)  622.55(286.32, 930.92)  3.27(1.50, 4.89)
w2015 61 2.16(0.57,3.57)  31.82(11.67, 48.96)  8.62(3.41, 12.42)  135.27(59.68, 203.61) 2. 73(1 21, 4.11)
¥oo2016 11 67 2.80(0.75,4.59)  41.30(15.50, 62.22)  11.27(4.58, 15.85)  181.45(80.39, 271.43) 64(1.61, 5.45)
E}‘? 2017 11 65 2.68(0.72, 4.41)  40.04(14.96, 60.59)  10.94(4.43,15.45)  183.77(82.90, 274.08)  3.66(1.65,5.47)
X 2018 11 58 2.01(0.53,3.33)  30.88(11.27,47.73)  8.48(3.34,12.26)  137.16(60.23, 207.04)  2.71(1.19, 4.09)
k2015 38 55 7.98(2.10, 13.28)  103.05(37.25, 160.72) 23.28(9.04, 33.96)  609.52(279.90, 913.88)  2.76(1.27, 4.14)
;j 2016 37 50 5.26(1.38,8.79)  73.32(26.20, 115.62) 16.72(6.41, 24.68)  410.95(187.44, 618.54)  1.85(0.84,2.79)
Woo2017 37 51 6.47(1.70, 10.79)  66.33(23.85, 104.02) 15.16(5.85, 22.25)  379.68(172.26, 571.68)  1.70(0.77, 2.56)
K 208 33 47 3.79(0.99, 6.35)  49.39(17.57,78.22)  11.31(4.31, 16.78)  277.42(125.94, 418.45)  1.23(0.56, 1.86)
PR 57 4.23(1.12,7.03)  65.63(23.89, 101.66) 20.01(7.85,29.00) 269.68(118.89, 406.28)  2.79(1.23, 4.20)
W 2016 14 55 3.88(1.02, 6.46)  60.10(21.75, 93.63)  18.37(7.15,26.78)  247.49(109.15,373.38)  2.54(1.12, 3.83)
fg 2017 14 50 3.64(0.95,6.09)  40.85(14.57, 64.54) 12.57(4.80, 18.59)  192.63(85.36, 291.69)  1.96(0.87, 2.97)
2018 14 4 1.54(0.40,2.60)  23.72(8.35,37.92)  7.33(2.76, 10.99)  104.03(45.68, 158.35)  1.05(0.46, 1.60)
;{; 2015 28 55 4.60(1.22,7.63)  54.38(19.90, 83.89) 12.71(5.01, 18.33)  261.81(116.71, 394.06)  2.10(0.94, 3.17)
moo2016 28 50 3.55(0.93,5.93)  42.01(15.05, 66.07)  9.90(3.81, 14.58)  198.05(87.57, 300.09)  1.58(0.70, 2.40)
?E 2017 28 49 3.84(1.00, 6.33)  39.96(14.27, 62.32)  9.43(3.61, 13.78)  216.17(97.37,323.63)  1.72(0.77, 2.57)
X 2018 21 45 1.76(0.46, 2.97)  23.03(8.16,36.60)  5.45(2.07,8.12)  110.89(48.84, 168.64) 87(0.39, 1.33)
B 2015 4 38 0.19(0.05, 0.32) 2.77(0.96, 4.52) 0.63(0.23, 0.96) 14.74(6.49, 22.55) 0. 20(0 09, 0.31)
% 2016 3 37 0.07(0.02, 0.11) 1.09(0.37, 1.78) 0.25(0.09, 0.38) 5.70(2.51, 8.72) 0.08(0.03, 0.12)
W07 2 39 0.09(0.02, 0.15) 1.25(0.43, 2.04) 0.28(0.10, 0.43) 7.57(3.43, 11.49) 0.10(0.04, 0.15)
K208 1 36 0.01(0.00, 0.01) 0.10(0.03, 0.16) 0.02(0.01, 0.03) 0.51(0.23, 0.79) 0.01(0.00, 0.01)
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Table 4 Health economic losses in the six regions in 2015-2018
[X 5 AEppy R VR R /1T ZR P GDP LLE/ % PN 3 N
2015 4796.74(1714.67, 7086.49) 4.23(1.51, 6.25) 2528.63(903.90, 3735.69)
SO Y 2016 4550.61(1593.25, 6816.31) 3.79(1.33, 5.68) 2381.90(833.94, 3567.82)
I HBIX 2017 4073.09(1382.01, 6217.88) 3.22(1.09, 4.91) 2121.36(719.79, 3238.42)
2018 3052.39(1027.52, 4709. 45) 2.33(0.78, 3.59) 1 603.49(539.78, 2 473.98)
2015 699.97(242. 61, 1065.52) 3.41(1.18, 5.19) 1413.61(489.95, 2 151.87)
. 2016 977.75(347.50, 1461.29) 4.52(1.61, 6.75) 1961.80(697.23, 2931.99)
U S5 X
2017 1009. 35(358.04, 1511. 64) 4.19(1.49, 6.28) 2012.99(714.05, 3014.72)
2018 807. 11(280.02, 1229.69) 3.16(1.09, 4.81) 1596.28(553. 81, 2 432.03)
2015 3394.36(1 124.74, 5282.41) 2.09(0.69, 3.25) 1537.71(509. 53, 2393.03)
P 2016 2307.62(760.23, 3618.89) 1.32(0.43, 2.07) 1060. 07(349.23 , 1 662. 44)
o 2017 2272.01(732. 44, 3583.17) 1.19(0.38, 1. 88) 1053.03(339.47, 1 660.74)
2018 1 627.58(532.08, 2 562.99) 0.81(0.26, 1.27) 764.19(249. 82, 1203.38)
2015 1473.24(512.98, 2243.23) 3.39(1.18, 5. 16) 1523.56(530. 50, 2319.86)
TR 2016 1455, 84(503. 87, 2226.61) 3.11(1.07, 4.75) 1494.07(517. 10, 2 285.09)
’ 2017 1228.74(407.78, 1918. 44) 2.41(0.80, 3.76) 1253.08(415. 86, 1956.44)
2018 582.82(195.87, 911.77) 1.08(0.36, 1.70) 590.51(198.45, 923-81)
2015 1392, 54(440. 82, 2 150. 05) 2.14(0.68, 3.31) i 1118.57(354. 10, 1727.05)
N 2016 1131.97(371.25, 1772. 46 1.63(0.53, 2.55) 903. 56 (2963451 414. 81,
KILIK /12, 46) ( ) ’ i
2017 1240.20(399.23, 1938.24) 1.66(0.53, 2,59~ 985.01(317.08, 1,539, 41)
2018 712.90(233. 16, 1 12288) 0.91(0.30, 1.44) |1 562.37(183.931 885°79)
2015 109. 08(35. 05, 174, 66) 0.16(0.05,0.26) |  148.12(47.59, 237.17) 4
I 2016 42.58(13.79, 68.16) _ 0.06(0. 024 010 56.81(18.40,.90,93)
- B l.. i ] k y- 4 J r o '] - |
o017 47.17(15. 13, 75.55)/ == 0.06(0.02,0:12) YW 61.68(19.78, 98.78Y
— y 1 i ;e Y & K ) i i "
| 2018 2. 14(0,69.5.447 & 0.00(0. 0% 001 - g & 274088440 | T
’ = F J VA | f == =
- f r r ¥ ‘._ i u‘. z i i
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Fig. 7 Top ten cities in proportion of number of healthy endpoints in total population in 2015-2018
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