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Estimates of (a, vy, 8): A set of RR estimates {67, T =1, S}

{Z(f),...,zg,s =1,...,S}

and corresponding confidence

intervals based on PM2s concentrations can be obtained from previous research,
where S means different types of PMzs sources and Ks is the number of RR estimates available from
for source type S. In order to estimate a, d and vy, flowing steps are needed: First, determine the
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denote the standard error of (V17 Vi/$=1,S} by{v1 rer Vi =L S A frer that, generate 1000

realizations of the log-relative risks assuming a normal distribution with mean
{7, s=1,...,8) {9,..,99 s=1,...,5}

logarithm of the relative risk estimates

and standard deviation and take their exponents. One
thousand estimates of («, y, 0) could be obtained for each set of simulated RRs. The estimation
routine did not converge in a small percentage of cases (< 5%) due to a set of simulated RR that
were not consistent with the risk model form in our practical processing. Thus we continue to
simulate relative risks until 1000 estimates of (a, v, ) were obtained [1].

Estimates of confidence interval for RRier: We simulated 1,000 sets of source type—specific RRs
based on their point estimates and CIs and fit the IER model to these simulated values, obtaining
1,000 sets of parameter estimates of (a, v, d) and z« Using these parameters, we then generated
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1,000 IER values over the global concentration range. The mean of these 1000 IER values at a specific
concentration was used as our central estimate of relative risk, and the 2.5% and 97.5% values
among the 1000 IER values were used to form the lower and upper confidence intervals for each
disease at each specific concentration [1].

Table S1. Change of PM2s concentration in provinces from 2015 to 2016.

Province ff:;r:ﬁ; il:rzlgf 60;::[;; Number Cities with increasing PM2s  Cities with decreasing PM:s
of cities b Number Rate (%) Number Rate (%)
(ug/m3) 2
Jilin -9.66 9 0 0 9 100
Hubei -9.05 13 0 0 13 100
Shanghai ¢ -7.62 1 0 0 1 100
Shandong -7.05 17 0 0 17 100
Qinghai -6.81 8 1 12.50 7 87.50
Heilongjiang -6.50 13 1 7.69 12 92.31
Inner Mongolia -6.38 12 1 8.33 11 91.67
Jiangsu -5.84 13 0 0 13 100
Liaoning -5.51 14 1 7.14 13 92.86
Hunan -4.89 14 1 7.14 13 92.86
Zhejiang -4.06 11 1 9.09 10 90.91
Guangxi -3.32 14 2 14.29 12 85.71
Hainan -2.24 2 0 0 2 100
Guangdong -2.15 21 3 14.29 18 85.71
Yunnan -2.11 16 5 31.25 11 68.75
Hebei -2.11 11 4 36.36 7 63.64
Henan -2.05 17 7 41.18 10 58.82
Gansu -1.92 14 4 28.57 10 71.43
Beijing ¢ -1.11 1 0 0 1 100
Fujian -0.85 2 22.22 7 77.78
Anhui -0.29 16 6 37.50 10 62.50
Ningxia -0.25 5 2 40 3 60
Guizhou -0.04 4 44.44 5 55.56
Chonggqing © 0.14 1 1 100 0 0
Sichuan 0.72 21 12 57.14 9 42.86
Tibet 1.10 7 4 57.14 3 42.86
Jiangxi 1.43 11 8 72.73 3 27.27
Tianjin © 2.79 1 1 100 0 0
Shaanxi 4.74 10 5 50 5 50
Shanxi 5.79 11 10 90.91 1 9.09
Xinjiang 7.55 14 8 57.14 6 42.86
SUM -2.34 336 94 27.98 242 72.02
a“+” reflects an increase in PMz2s from 2015 to 2016, and “~” reflects a decrease in PM25 from 2015 to 2016.

b Cities without records of PMzs are not included.

¢ Shanghai, Beijing, Chongqing and Tianjin are municipalities of China.
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Figure S1. Proportion distributions of hourly PMzs concentrations (in the range of <10 ug/m?® (a), 10-15

pg/m? (b), 15-25 pg/m? (c), 25-35 pg/m?3 (d), > 35 pg/m? (e)) in 336 cities.
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Figure S2. Diurnal variation of PM:25 concentration in four seasons over 2015 and 2016.
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Table S2. Changes in deaths caused by fluctuations of PM2s5 concentrations from 2015 to 2016 in 336

Chinese cities.

Province City PM:5 (ug/m?) Change of death number from 2015 to 2016

2015 2016 LC IHD stroke COoPD sum
Heilongjiang Yichun 26 17 -22.31 -58.16 -219.54 -24.40 -324.41
Heihe 31 22 -18.12 -47.33 -194.99 -19.18 -279.62
Mudanjiang 48 37 -20.06 -35.90 -138.45 -22.60 -217.01
Shuangyashan 42 33 -17.11 -36.44 -125.95 -13.90 -193.41
Hegang 43 34 -17.11 -27.33 -124.41 -18.38 -187.23
Harbin 65 51 -22.04 -42.97 -85.71 -17.37 -168.08
Daxing’anling 25 21 -11.15 -29.08 -105.56 -9.85 -155.64
Qiqgihar 49 41 -13.37 -26.73 -91.76 -13.56 -145.42
Daqing 44 38 -13.58 -27.13 -76.09 -9.19 -125.99

Jixi 27 25 -3.69 -9.62 -45.54 -4.88 -63.73

Suihua 37 34 -7.01 -9.25 -40.52 -4.71 -61.49

Qitaihe 37 36 -3.51 -9.25 -10.13 0.00 -22.88

Kiamusze 29 31 3.65 9.54 33.19 4.84 51.22
Jilin Changchun 54 41 -19.16 -29.64 -105.16 -18.63 -172.60
Yanbian 61 46 -18.74 -36.26 -94.92 -18.34 -168.25
Liaoyuan 59 46 -16.18 -29.21 -88.11 -14.79 -148.29
Siping 44 36 -14.23 -30.30 -87.66 -11.55 -143.75
Jilin 58 46 -16.18 -29.21 -81.23 -14.79 -141.41
Songyuan 51 42 -11.12 -22.39 -83.59 -15.03 -132.13
Baicheng 58 48 -13.48 -29.21 -59.07 -11.09 -112.86
Tonghua 36 31 -8.89 -15.62 -76.88 -7.90 -109.28

Baishan 52 50 -2.76 -7.41 -15.11 -3.76 -29.04
Qinghai Haixi 38 27 -16.51 -28.89 -157.66 -36.56 -239.63
Hainan 42 31 -18.81 -28.46 -136.68 -29.01 -212.95
Haibei 39 31 -13.65 -22.94 -107.18 -21.94 -165.71
Haidong 57 46 -12.73 -16.46 -80.45 -27.61 -137.24
Golog 43 37 -8.06 -11.38 -71.47 -21.57 -112.49

Huangnan 51 45 -7.81 -11.13 -52.68 -21.05 -92.67

Yushu 19 17 -6.05 -6.31 -43.15 -7.92 -63.42

Xining 48 50 2.62 5.61 15.32 0.00 23.55
Hubei Xiaogan 71 46 -32.65 -52.76 -141.51 -30.21 -257.14
Jingmen 69 57 -16.44 -30.15 -52.42 -11.42 -110.43
Wuhan 68 57 -16.44 -30.15 -45.18 -11.42 -103.19

Xiangyang 54 47 -11.54 -15.62 -47.51 -11.79 -86.47

Huangshi 66 57 -13.80 -22.77 -37.85 -7.67 -82.10

Jingzhou 69 60 -10.96 -22.61 -37.44 -7.61 -78.63

Suizhou 64 56 -11.12 -15.29 -38.06 -11.51 -75.98

Ezhou 53 47 -8.72 -15.62 -39.82 -7.92 -72.09

Shiyan 52 47 -8.72 -15.62 -39.82 -7.92 -72.09

Huanggang 57 51 -8.59 -15.51 -38.92 -7.79

-70.82
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Enshi 66 59 -11.04 -15.18 -30.28 -7.67 -64.18

Xianning 71 64 -8.16 -15.07 -29.79 -7.55 -60.58

Yichang 68 62 -8.22 -15.07 -22.59 -7.61 -53.50
Hinggan 67 39 -29.61 -41.66 -158.58 -58.13 -287.98
Ulangab 45 33 -13.79 -24.35 -115.00 -24.80 -177.94
Hohhot 36 29 -9.57 -15.06 -87.54 -19.08 -131.25
Hulunbuir 51 42 -8.98 -14.40 -71.38 -24.20 -118.96

Tongliao 54 47 -8.85 -9.53 -38.49 -18.00 -74.86

Inner Alxa 36 32 -4.79 -5.02 -51.06 -12.72 -73.59
Mongolia Erdos 27 24 -4.99 -10.36 -48.88 -6.58 -70.82
Wuhai 17 15 -2.65 -10.97 -38.49 -6.89 -59.00

Chifeng 40 37 -4.67 -4.94 -35.10 -12.50 -57.22

Xilingol 36 33 -2.39 -5.02 -36.47 -6.36 -50.25

Bayan Nur 48 47 -2.26 0.00 -6.60 -6.10 -14.97

Baotou 40 43 2.34 4.94 28.08 6.25 41.61
Hunan Hengyang 51 41 -17.24 -27.78 -113.12 -18.64 -176.78
Huaihua 54 44 -16.98 -27.58 -93.18 -18.49 -156.23
Yiyang 53 44 -13.69 -27.58 -84.35 -13.98 -139.59
Changsha 46 40 -10.51 -27.99 -68.37 -9.47 -116.34
Xiangtan 44 39 -10.59 -18.80 -69.20 -9.55 -108.14

Zhangjiajie 60 53 -13.28 -18.12 -54.35 -13.65 -99.40

Yueyang 49 44 -6.95 -18.52 -57.22 -9.40 -92.09

Xiangxi 49 45 -6.95 -18.52 -47.69 -9.40 -82.55

Zhuzhou 54 49 -10.19 -9.19 -37.27 -9.25 -65.90

Loudi 57 52 -6.74 -9.13 -36.64 -9.17 -61.68

Shaoyang 57 52 -6.74 -9.13 -36.64 -9.17 -61.68

Yongzhou 52 49 -6.84 -9.19 -28.12 -4.66 -48.81

Chenzhou 54 51 -6.79 -9.19 -18.64 -4.62 -39.24

Changde 47 54 14.01 18.66 57.90 14.21 104.78
Guangxi Hechi 42 32 -16.07 -22.69 -120.21 -28.91 -187.88
Yulin 38 32 -8.23 -11.52 -82.71 -21.87 -124.33

Nanning 40 35 -8.10 -11.43 -64.92 -14.46 -98.91

Guigang 41 37 -5.40 -11.35 -48.39 -14.46 -79.59

Liuzhou 49 44 -5.23 -11.10 -45.54 -14.10 -75.97

Hezhou 39 35 -5.44 -11.43 -49.31 -7.29 -73.47

Fangchenggang 31 28 -2.84 -11.79 -44.80 -7.48 -66.90

Chongzuo 37 34 -5.49 -5.76 -33.51 -7.35 -52.11

Laibin 43 40 -2.68 -5.67 -31.66 -7.17 -47.18

Guilin 47 44 -2.64 -5.59 -30.72 -7.11 -46.05

Beihai 31 29 -2.84 -5.89 -26.88 -7.48 -43.09

Baise 43 41 -2.68 0.00 -23.75 -7.17 -33.59

Qinzhou 36 36 0.00 0.00 0.00 0.00 0.00

Wuzhou 36 39 5.53 11.61 33.73 7.35 58.22
Yunnan Baoshan 37 22 -26.02 -48.55 -247.18 -46.48 -368.22
Dali 29 22 -12.05 -25.04 -144.63 -23.85 -205.57
Wenshan 38 30 -11.56 -24.27 -122.01 -23.04 -180.88
Xishuangbanna 30 26 -8.96 -12.52 -67.02 -15.76 -104.26

Kunming 28 26 -6.03 -6.31 -39.12 -7.95 -59.41

Lincang 29 27 -3.01 -6.26 -38.57 -7.95 -55.79

Nujiang 22 21 -3.12 -6.46 -21.58 -8.16 -39.33

Hongde 16 15 0.00 -6.74 -23.85 -8.39 -38.98

Pu'er 25 24 -3.07 -6.36 -20.44 0.00 -29.87

Zhaotong 33 32 -2.94 0.00 -18.37 -7.81 -29.12

Chuxiong 22 22 0.00 0.00 0.00 0.00 0.00

Lijiang 16 16 0.00 0.00 0.00 0.00 0.00

Yuxi 24 24 0.00 0.00 0.00 0.00 0.00

Qujing 30 31 0.00 6.26 19.15 0.00 25.41

Diqing 31 32 2.99 6.21 18.88 0.00 28.08

Honghe 35 44 14.57 24.46 117.04 23.24 179.31

Shanghai Shanghai 53 45 -11.57 -9.24 -23.02 -4.44 -48.27
Hainan Sanya 17 13 -12.23 -16.79 -40.63 -3.99 -73.64
Haikou 21 20 -3.97 -4.09 -9.50 0.00 -17.56

Jiangsu Sugian 56 46 -19.75 -12.72 -39.22 -6.11 -77.80
Lianyungang 53 44 -16.04 -12.82 -35.91 -6.16 -70.93

Nantong 56 47 -19.75 -12.72 -31.37 -6.11 -69.96

Zhenjiang 58 50 -15.68 -12.63 -23.40 -6.06 -57.77
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-2.69
-2.60
0.00
-2.60
0.00
0.00
0.00
0.00
2.67
2.67
-13.35
-13.16
-18.43
-16.00
-12.89
-12.62
-12.80
-9.87
-3.29
-3.11
0.00
3.29
6.53
6.35
9.87
13.35
30.04
-7.86
-3.90
-3.86
-3.86
0.00
0.00
0.00
0.00
0.00
-20.89
-11.94
-11.46
-3.58
-5.77
-3.46
-5.89
5.85
3.14
3.41
17.90
-2.62
-4.09
-1.96
0.00
0.00
3.93
-12.73
-14.38
-11.76

-8.43
-8.36
-5.71
-5.49
-5.53
-5.58
-2.83
-2.85
-2.75
-5.58
-5.58
-2.72
-2.77
-2.72
0.00
0.00
0.00
0.00
0.00
0.00
-18.36
-27.15
-26.41
-17.98
-17.98
-26.59
-17.98
-9.11
0.00
0.00
0.00
9.11
9.05
8.93
18.23
18.36
45.90
-8.13
-4.03
0.00
0.00
-4.00
0.00
0.00
0.00
3.94
-13.30
-6.65
-6.51
-3.71
-3.28
0.00
-3.30
0.00
3.42
3.60
9.97
0.00
-4.29
-4.16
0.00
0.00
4.16
-33.55
-23.54
-15.92

-26.51
-26.15
-24.41
-21.75
-16.97
-14.53
-14.93
-12.21
-13.59
-11.62
-11.62
-8.10
-5.66
-2.70
-5.54
0.00
0.00
0.00
2.83
2.83
-54.63
-45.03
-34.71
-35.45
-35.45
-26.31
-35.45
-27.02
-18.01
-8.72
8.91
9.01
8.96
17.63
27.17
45.78
72.84
-31.52
-8.74
-8.62
-8.62
-8.49
-8.87
0.00
0.00
8.09
-18.05
-9.02
-5.89
-15.16
-2.96
-7.15
-2.99
2.98
3.11
10.34
12.03
-2.61
-24.96
-11.58
0.00
0.00
28.94
-128.46
-62.74
-64.55

-2.70
-2.70
-2.72
-2.63
-1.34
-1.35
-2.70
-1.36
-1.32
0.00
0.00
-1.32
0.00
0.00
0.00
0.00
0.00
0.00
1.34
1.34
-13.81
-13.70
-13.09
-13.49
-13.49
-13.29
-8.99
-9.13
-4.57
-4.40
0.00
4.57
4.53
4.43
9.13
13.92
27.61
-1.96
0.00
-1.92
-1.92
0.00
-1.94
0.00
0.00
0.00
-7.82
-3.15
-3.06
-1.79
-1.54
-1.75
0.00
0.00
0.00
1.73
4.69
-1.37
-5.47
-5.29
0.00
0.00
529
-12.73
-15.76
-12.01

-45.78
-45.28
-41.05
-35.12
-29.17
-26.83
-25.89
-21.89
-20.28
-19.89
-19.89
-14.75
-8.42
-8.03
-5.54
0.00
0.00
0.00
6.83
6.83
-100.15
-99.05
-92.64
-82.91
-79.80
-78.81
-75.22
-55.14
-25.87
-16.23
8.91
25.98
29.07
37.34
64.40
91.40
176.39
-49.46
-16.67
-14.40
-14.40
-12.49
-10.81
0.00
0.00
12.03
-60.05
-30.76
-26.93
-24.24
-13.55
-12.36
-12.18
8.82
9.66
19.07
44.60
-6.60
-38.81
-23.00
0.00
0.00
42.32
-187.47
-116.41
-104.24
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Hefei 63 57 -8.56 -15.58 -31.03 -7.82 -62.98
Suzhou 56 51 -8.75 -15.80 -31.91 -4.00 -60.47
Tongling 55 53 -2.94 -7.90 -16.04 -4.00 -30.89
Bengbu 63 61 -2.85 0.00 -15.51 -3.91 -22.27
Chuzhou 61 60 0.00 -7.79 0.00 0.00 -7.79
Bozhou 59 59 0.00 0.00 0.00 0.00 0.00
Huaibei 58 58 0.00 0.00 0.00 0.00 0.00
Huainan 51 53 2.99 8.02 8.16 0.00 19.17
Wuhu 62 65 2.85 7.79 15.60 3.94 30.18
Xuancheng 47 51 6.06 8.08 33.43 8.20 55.77
Anging 48 54 9.03 16.16 41.54 8.14 74.85
Fuyang 50 62 17.91 32.07 73.89 16.27 140.15
Chizhou 33 44 19.25 42.27 151.77 17.12 230.40
Chongqing Chongqing 53 53 0.00 0.00 0.00 0.00 0.00
Guizhou Anshun 28 26 -6.70 -7.01 -43.47 -8.83 -66.01
Tongren 28 26 -6.70 -7.01 -43.47 -8.83 -66.01
Liupanshui 42 39 -6.27 -6.64 -37.53 -8.46 -58.90
Bijie 31 29 -3.32 -6.90 -31.47 -8.76 -50.45
Guiyang 37 35 -3.21 -6.74 -29.43 0.00 -39.38
Qiandongnan 30 31 0.00 6.96 21.28 0.00 28.23
Qianxinan 20 21 3.53 7.30 24.76 0.00 35.59
Zunyi 41 44 6.32 6.64 37.76 8.46 59.19
Qiannan 23 30 17.33 28.72 165.22 36.29 247.56
Tianjin Tianjin 68 71 3.02 0.00 6.02 1.57 10.61
Xinjiang Bortala 36 29 -8.11 -12.77 -74.21 -16.17 -111.27
Korla 22 19 -4.34 -13.49 -45.06 -11.36 -74.26
Altay 12 10 -4.67 -14.56 -26.53 -12.01 -57.77
Karamay 31 29 -2.08 -4.32 -19.71 -5.48 -31.60
Hami 37 36 -2.01 -4.22 -6.14 0.00 -12.38
Urumgqi 41 40 0.00 -4.16 -5.91 0.00 -10.07
Tarbagatay 65 70 5.42 3.92 10.40 9.93 29.67
Hetian 95 105 6.56 3.74 9.81 13.91 34.01
Changji 40 43 1.98 4.19 23.80 5.30 35.28
Turpan 68 78 712 7.79 25.85 14.78 55.55
Kizilsu 47 57 9.67 12.30 50.69 20.85 93.50
Aksu 71 92 15.91 19.48 35.80 29.34 100.53
Ili 112 155 25.06 18.32 19.31 44.73 107.42
Kashgar 55 75 18.75 20.05 64.88 30.52 134.20
Sichuan Neijiang 59 53 -8.53 -12.25 -40.90 -15.53 -77.20
Suining 49 45 -5.90 -12.52 -42.82 -15.91 -77.16
Nanchong 58 54 -5.68 -12.25 -24.68 -7.76 -50.38
Dazhou 59 55 -5.68 -6.13 -24.54 -7.76 -44.11
Liangshan 25 24 -3.28 -6.81 -21.89 0.00 -31.99
Panzhihua 32 31 -3.17 -6.60 -19.95 0.00 -29.72
Meishan 60 59 -2.82 0.00 -8.13 -7.70 -18.66
Yibin 57 56 0.00 0.00 -8.23 -7.76 -15.99
Leshan 55 54 0.00 -6.17 -8.32 0.00 -14.49
Aba 19 19 0.00 0.00 0.00 0.00 0.00
Chengdu 60 60 0.00 0.00 0.00 0.00 0.00
Deyang 52 53 0.00 0.00 0.00 0.00 0.00
Ziyang 72 74 2.72 0.00 7.87 7.52 18.11
Guang’an 43 44 3.02 6.40 8.93 0.00 18.36
Bazhong 34 37 6.29 6.55 38.83 8.37 60.04
Luzhou 59 65 8.53 12.25 32.72 15.53 69.02
Mianyang 45 50 9.00 12.71 52.95 16.18 90.82
Zigong 39 45 9.21 12.90 74.19 16.45 112.76
Ganzi 19 22 6.80 21.28 72.80 17.81 118.69
Ya’an 36 43 12.49 19.65 95.16 24.89 152.18
Guangyuan 21 26 10.11 20.94 129.16 26.47 186.68
Jiangxi Shangrao 42 39 -6.47 -8.61 -36.64 -4.38 -56.11
Jingdezhen 42 40 -3.24 -8.61 -18.32 0.00 -30.17
Pingxiang 52 51 -3.11 -8.36 -8.52 0.00 -20.00
Yingtan 39 39 0.00 0.00 0.00 0.00 0.00
Jiujiang 46 47 0.00 0.00 17.77 0.00 17.77
Fuzhou 40 41 0.00 8.68 9.28 0.00 17.95
Ji'an 43 45 3.24 8.61 18.10 0.00 29.94
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Nanchang 40 42 3.26 8.68 18.55 0.00 30.49
Ganzhou 41 43 3.26 0.00 27.65 4.38 35.30
Xinyu 39 44 9.86 17.36 65.76 8.84 101.81
Yichun 43 51 12.94 25.84 81.43 13.04 133.25
Tibet Lhoka 25 24 -2.41 -5.01 -16.09 0.00 -23.51
Nyingchi 54 54 0.00 0.00 0.00 0.00 0.00
Shigatse 17 17 0.00 0.00 0.00 0.00 0.00
Ngari 10 11 2.69 5.64 10.29 6.92 25.54
Lhasa 18 20 2.52 5.21 36.27 6.54 50.55
Naqu 24 27 4.87 10.09 49.01 6.37 70.33
Qamdo 24 28 7.30 10.09 65.34 12.74 95.47
Shaanxi Yulin 38 34 -5.60 -5.88 -50.67 -14.89 -77.05
Yan’an 45 41 -5.43 -5.75 -39.93 -7.32 -58.42
Shangluo 42 39 -5.47 -5.79 -32.73 -7.38 -51.38
Ankang 47 44 -2.69 -5.71 -31.37 -7.26 -47.03
Hanzhong 53 51 -2.63 -5.62 -7.62 0.00 -15.87
Tongchuan 54 56 2.61 5.62 15.14 0.00 23.38
Baoji 53 57 5.26 5.62 30.46 14.28 55.63
Xi'an 56 71 18.14 22.33 67.37 35.42 143.26
Weinan 56 75 23.32 2791 82.35 42.50 176.08
Xianyang 58 81 25.71 33.26 89.32 49.18 197.48
Shanxi Changzhi 39 37 -2.93 -7.73 -25.11 -3.94 -39.71
Taiyuan 56 56 0.00 0.00 0.00 0.00 0.00
Yangquan 63 65 2.67 7.29 7.26 0.00 17.22
Linfen 47 49 2.84 7.56 15.64 3.84 29.88
Shuozhou 58 64 8.13 7.34 29.70 7.43 52.61
Yuncheng 62 69 8.01 14.58 29.20 7.37 59.17
Lvliang 52 58 8.32 14.90 30.38 7.55 61.16
Datong 55 62 11.01 14.79 37.55 7.49 70.84
Jincheng 55 63 11.01 14.79 45.05 11.24 82.10
Xinzhou 52 62 13.87 22.35 53.17 11.33 100.72
Jinzhong 57 73 21.85 36.98 66.82 18.58 144.24
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