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Health Benefit Analyses of the Clean Air Action 'Plan Implementatlon in

Shanghai = =
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Abstract . To und,crstand the public health beneflt of the Clean Air Actlon Pl';n 1mplemented in Shanghai from 2013- 2017
: 'changes of the PM, 5 exposure levels anjl related ¢alth and economic beneflts were quantitatively evaluated by using air quahty

e

q,umer;cdl modeli‘ng, hedlth risk assessment, dnd environmental valuation methods. The results: show that the proportion of the
population! exposed to.& mean annual PM, 5 concen-t“ratien“'l;)'v_v__er"tlhan or equal to 35 pg-m ™’ has increased from 1. 62% in the base year
10 34.06% in the control year. The death risk attributable to ambient PM, ; exposure decreased from 15.2% in the base year to
11.9% in the control year. The total health benefits are approximately 11. 841 billion RMB(95% CI. 5.024-17. 819 billion RMB) ,
accéounting for 0. 55% (95% Cl; 0.23%-0.82% ) of Shanghai’s GDP in 2013. The implementation of the action plan has a positive
effect on the protection of the health of the population. Health benefits in areas with dense populations and high PM, ;declines are more
pronounced within the outer ring line of Shanghai City.

Key words: clean air action plan; PM, ; air quality modeling; exposure; mortality; health benefits
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Table 1  Health endpoints, population baseline incidences, exposure-response coefficients, and unit economic value
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Table 2 Health and economic benefits of the reduction of the PM, 5 levels resulting from the implementation of the Clean Air Action Plan

, SN S PN VN fa BRI 25 B /12T
AR 5, S (95% T fZ X ] (95% Al {FIX.[H])
IHD 427(309, 814) 11.46(8.29, 21.85)
CVD 1457(538, 2380) 39.11(14.44, 63.88)
Lk COPD 761(488, 920) 20.42(13.10, 24.69)
LC 794 (384, 895) 21.31(10.31, 24.02)
iSas 3439(1719, 5009) 92.30(46. 14, 134.44)
P S R 6025(184, 10 656) 21.69(0.66, 38.36)
i1 TG 2 Be 288 508 (276 258, 300 736) 1.319(1.263, 1.374)
I 2R G5 140 850 (70 663, 210 636) 0.644(0.323, 0.963)
I 429 358(346 921, 511 372) 1.962(1.585, 2.337)
i JEPNU 3745(640, 6 839) 0.017(0.003, 0.031)
fEBE HEIR 2 Gepe 5761(3768, 7745) 1.027(0.671, 1.380)
WP 2R 5 9505 7922(6637, 9198) 1.412(1.183, 1.639)
N3 13 683 (10405, 16 944) 2.439(1.854, 3.020)
LI Es At/ 4eot — — 118.41(50.24, 178.19)
GDP HH /% — — 0.55(0.23, 0.82)




28 7

B 40 %

Cl: 50.24 ~ 178.19 12.70) W4 G A, 294 2013
AT [ P AR 7R RE (GDP) 19 0. 55% (95% CI:
0.23% ~0.82% ). Horfr, ik G0 W 00 ekt B 0 45 i
SRS 1Y 78% , TR AT, MWK PM, ; 2 55 (1
FET KU 2 25 00T i o503 il B &5 4 1 3 2 Tk
2.3 VA PM, V5 G A LT AU A B 25 43 AR
F B TR0 R Fie S B I R AT Y B 48
RN T AT B S T A3 i AR R 22 1
AEBRAE AR b I 22 B RRAE, AR SCEFXHIE A PM, 75
Yeity 4 i PR LB I 23 43 A JF S ik — 20
GIMT, T g J 5 ) P A5 AR ol s B A 22 IR
2.3.1  JHH PM, o754 BB RIS T RAE PRAE AL
RS FEII] 4 Fiopelig SE T H8Fi IRALHEAE K A=
RUFFAL, 27 IER ZRG 285 SOV E, Al
Hy BT 2013 ~ 2017 4R, BLKZp 53 iR 5 i3 T A
HYU(WHO) HEFET JE BB F AR (1T- 1 1122, IT-
DGR, T PM, 4k B35 (A o 1Y U5 (R 3
TOABRH AR, WL 3, T, 2013~ 2017 4F
TR A P A VRO B S [ 26 ) 4 4k
AT-1(3S pei iy~ ) W5 51 2022 SEHE y EAAF, DO
AR A TR L 2013 ~ 2017 4N F1 P 2wk 51,
IR0 TR, T34 B R SR [ 44 22 500
[ G SHSE D 3 T RS P Bl K
R, WO i AT A T ) L K. R
RPM, ek B, A T S0 R e T A
BT F R, 2017 4F L3 5K E) WHO HEFA Y IT-1
IT-2, IT-3 15 5 T B PM, o590 FE 100 il A ik
WEAE TR 20. 3% | 25.4% , 40.2% | 67.8% , H,
(LN IRERZ R H I ANy €551 3 1 N LR R N
FHAIE R PM, 15 Y0 T 805 H N R AE T4

30 70
= LC

oS =z [HD
= 5 e==corp |9
CVD T
= 50 B
% 20} ——PMys |0 E,
ﬁ . 40 g
w15 . ¥
£ I 30 &
s %4
‘~=§ 10 } I 20 E
= = B = B B H u
z O A B B K i 4iql0
=l 0 —I —I 3 '::I :-:'] e

2013 2014 2015 2016 2017 I:'j‘;l ;'l'-? lf'.ll‘-j“
B3 2013 ~2017 £ R i%E WHO i3 MTEM B BiRrE
BEET PM,  FHRESHARET LM
4 MERETRERTUBER
Fig. 3 Trends of annual average concentrations of the PM, 5 and

PM, s-attributable mortality based on four endpoints from 2013

to0 2017 and under the three scenarios that achieve WHO interim targets

HEATIRAE R L, ARAFAT sh 1R St 309 R) A 0H
PMz5{;37%}%5[;41‘:5(L 5 (PAR) ZRfbitass, WK 4. M
AAL, BESERAIE], RAE T B B (R A7 e /N Bl
1M PAR SV T REEH, M 2013 4E119 15.2% T F%
%2017 4EMY 11.9% , [ 3. 3% .

o AEMIRERE T o HAPMLSSET: 3+ PAR

FETHK 10U A
IR EIPM s 3 A TREAE T2 KU %

2013 2014 2015 2016 2017
E4 2013 ~2017 4 b ATET (4 LR RAE
_PM, BT (AF) T S
Fig. 4 | 'l‘l;e;nds of totalydeaths (reported in the'ul‘}‘leagkbokﬁ and
PM2.5—at§;ibu{able deaths zthis study) from 20.{3—2_,\.6.'.1’7 in Shanghai

2.3.2 | FI ol A S RN =S A A

W2, 2 B S AT ) L AT 3 T
T3l 4 E TR RPE T 2 S o R s,
eS| SR A B B8 s Tl A e 2
S, PR S PRRRAE B BB TR A K v
Ak b LR X 1 S 0 X ISR s, A ik
R I X AR T AN IR LA B K, 45 7 A
PG IR DX L S B BRIAT X, AR DX 4 I 35,
BB I 117 95 4 L 28 0 ok o 38 W -
o, PRI LA A A A3

S5 AR B4 37 DX A AL ) 45 A B T
R HANA, A BT BRI SEMIG b HEAS £ 7 X
S O 1 LT AR, UL 3. LB 2 11X
R AFIX , RATIX, FIK 5 KRB ITIX
4 e T B IR T kX, (HR T
A CTREOR, PM, (B35 R s , AT e
HI B0 A B T IR IX

4 PRI AE (2017 4F ) HIX T REMEAE A A HI
DAL PM, o B0 W 2 W Wi 5 0 R P 15 34 4
P FHE B R BRI XT I, TSR 6. M
HORT AT, N IASL Y PM, 5 % 8 ViR B 14 e i LA
32.4% ~ 41.2% (&1 38.3%), HEH KX
PM, (7594 3145 N Eny iR YE o 9. 3% ~26. 1%
(2P 17.9% ), MiHENIEHR 1.5 ~4.0 fiF,
R BT A0 Xk P 94k 75 s 55 Bl 2 e i
K. WA, FaE . Tl BAT | T DR
We g A i, M0 BL PR, 86 X b I 3 P



&

&

13 W E S, [T SO s ST BT R G R R 25 BT 29
N N 3 09 HPM 55 e THDFE T2 %L N JEE 5 U5 HPM: 575 e CVDFE T3
32000 A = (-05 B921-25 LA (-7 ©969-85
= 06~1.0 =m26-30 0 1.8-3.4 = 86-102
= 11~1.5 Bm3.1~35 C135-5.1 =2 103-11.8
0 1.6-2.0 336-40 C152-68 03 119~135
31°45" |
(a) IHD (b) CVD
31°30°
31°15" |
31°00°
30°45"
] 20 40 km 0 20 40 km
1 L 1 1 1 1 1 1 1 1
N N JERIA HPM2 55 He i COPDFET- 8 N HERIH HPMo si5 He M LCHE T 3L
32°00" k- A m(-09 =3 35-43 - A m0-1.0 mm 4.0-48
= 10~-1.7 = 44-51 B 1.1~-19 = 49-58
CJ118-2.6 B8 52-6.0 £20-29 B 59-68
£92.7-3.4 O 6.1-6.8 £ 3.0-3.9 & 69-7.7
31°45° |- “® d
(¢) COPD
31°30° | -
31°15" |
]
i
31°00° | -
30°45" | -
0 20 40 km 0 20 40 km
L L L L L : . ; : :
121°00°  121°15"  121°30°  121°45" 122°00' E 121°00°  121°15"  121°30°  121°45" 122°00' E

B 5 TEhitRISSiER R FE PM, iS04 FERRE T ARZEE S 6

Fig. 5 Spatial distribution of the reduction of four cause-specific premature deaths due to the implementation of the Clean Air Action Plan
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