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Reversal of trends in global fine particulate matter air pollution
» PM, 5 exposure: van Donkelaar et al., (2021) v5.GL.03

Sy

. l“‘ ‘o Chi Li (chili@wustl.edu), Aaron van Donkelaar, Melanie S. Hammer, > Population: GPW v4
> AC‘A‘G. Erin E. McDuffie, Richard T. Burnett, Joseph V. Spadaro, > Age-, territory- and disease-specific deaths: GBD study 2019

Deepangsu Chatterjee, Aaron J. Cohen, Joshua S. Apte,

w Veronica A. Southerland, Susan C. Anenberg, Michael Brauer, Randall V. Martin > CHE (io dorive PAR): GEMM)(Bumet ot al, 2018)

» Decomposition method: Geng et al. (2022)
2. Stagnation of global PM, ;—attributable deaths: exposure-

> Global or regional trends in PM, s exposure . _ Zlocation PMXP: » 27.8% of global exposure from China in 1998, 30.2% in 2006, 20.1% in 2019. driven reductions vs. demography-driven increases
were widely discussed, but local (e.g., Zhocation Pt » Contribution from India grows from 22.4% to 31.3%; South Asia 40.9% in 2019. P X XMR;; \CXPAF” (PM ) (territory k, age iand disease /)
China) contributions to global exposure K EyxPy 40F (@) 100 Giobal China
have not yet been discussed. Egiobar = % S e (+33.1) ‘ ‘w P (-110. 9M ol ~sor (1121
won Prc >
> We define the normalized PM, 5 to k"gm; wp T30 /_/\/ < 600F. oo 00 il l R ———
quantify this contribution. Eytobat = z 2k g S M \ T\
region Pglobal § —/ 2 - | 1 L2k + 100 ‘
- 20 JE Z’ -390.4 214.5 ‘
I <] ) -264.8 -165.7| 69
= o < United States Russia 25F  Indonesia & Malaysia
a 10 0 + -5 (+17.1)
PM, s trend ZN 8 20
[l !m3/ 2r) [N ko] 15}
. . <
0.8:0.2 pg/m*yr bs 2003 2007 20}&2 2015 2019 2 10
E F -2.4
0.3 . +10. x L ® 4.0
¥ - 87 territories (4 4 billion) s . Resa of World . y ; 3o Southeast Asia (Other) North Africa & Middle East || 50F South Asia (Other) *
~ (a) 1998-2011 \: 15 territories (0.4 billion) »E United States . et S—r ) | Gad ‘ | G278 {25:3)
= +0.05 5 34f Eastern Europe . 92 (63 (30) oo o) = aor ‘
g TN o o1 3 Western Europe . © e
- SlmétglneeasslgA&Sﬁiigﬂgg) » 69% of the pre-2011 increase £ 30| =
& 31 i America) from China and India. o H‘ #+20.3
o ogl No%mlefégl?aﬁ‘awlf\‘glliaEaSt > China alone dominates (92%) € o] 29 e
South Asia (Other) the post-2011 reduction. v -10.9) [
v (I:rl‘#rlnaa E estern Europe s ] Eastern Europe .
2 ) (-27.2) -5 30 (-23.4)
s pglm“/yr/ y 1998 2011 If pre-2011 trends had continued... 2019 -S i
) N 34 Fig. 2. Time series of absolute (a) and relative o 28 B 0 022 2 i %an g 3 20 s _abi l ‘ ‘ ‘PFR
f (,F‘)<g .05) ¥ ; N— N share (b) of global population-weighted (PW) = 6 0 g ) i T L 4
terrtories million; 2 PM, 5 in 13 regions (colored). (c) Contribution MR fras} M" ‘ ‘
a 2.5
(b) 2011-2019 \.: 58 territories (3.0 billion) - of each region (colored, changes in regional ‘:m. > Slowed increases in South w9 ‘ ‘ ‘
Fig. 1. Trends in population-weighted PM,, ; for 204 WHO PW PM, 5 before normalization in brackets) to 5 Asia, Africa and the Middle n gk
territories (transparency indicative of statistical significance). the changes (black bold) in global PW PM,,. |l East are also critical. ZN Lat:if{"' o ‘ Sk Kes: :.; W;"[d
3. Stronger health benefits among older population and under cleaner air 20t | ,J-Um 200 TTT[M- it Population
15 T .
> We derive the marginal benefits per unit mitigation using a finite- » Before 2011, the increasing PM, . exposure (a) and reduction of ‘ 4] Mortality Rate
¢] p I¢] g g 2.5 10 ‘
difference approach. mortality rate (c) outweighed population growth (d) and aging (b). ] e 2o “1_‘2":1 Exposure
; : : P > f i i iti i 2011. 1995 2004 2009 2014 2010 1999 2004 2000 2014 2019
(territory k, age /and disease /) Reversa-l of PM_2'5 ":‘ most regions overt-urn this co'mpetlt on SInce. . Fig. 3. Annual PM, s-attributable deaths (grey, error bars indicate 95% Cl) and changes (relative
P.X XMR. > Population aging is the strongest driver (growing future benefits). to 2011) due to to four factors (colored). Numbers suggest accumulated changes after 2011.
k ijk > Anticorrelation between PM, ; and sensitivity of mortality (R2>0.93). > Exposure reduction and improved well-being counteracted population growth and
(a) Reduced annual mortality per 1 ug/m> reduction of PM,.s Reduced annual mortality per 1 ug/m® reduction of PM,. » China has the largest (1.1 million) net reduction, aided by the US and Europe (0.6 million).
0 . 05 ||> Excess mortality in South Asia (1.4 million after 2011), with insufficient reductions in
30 Z
" . g g ° % exposure to counteract population growth and
= o 0
5 8n .4 © R 102 is the dominant challenge globally and over China, while population growth is the
8 20| §§ E_g 2 ag ig % ; EZ s 53 o A 5§ biggest concern in Sub-Saharan Africa.
& €2 © 9% 95 ] 9 5 B - :
™ 5 = ® E5az, & ] @ . S
S "ﬁg & 'gg - EE ‘%E 8 z @3 e 45 Supra-linear exposure-response o o || Implications
* 10 55 Zy Ea, "2 2 aof relationship (i.e., XU > Aworldwide reversal of PM, 5 air
5 . H
4 o | decreases with PM, ). pollution unveiled by a >15-year
0 & § | Greater health sustained effort to develop global
120 (b) Reduced annual mortality rate per 1 ug/m° reduction of PM; 5 g% (<) Mortality rate 530 benefits in less high-resolution satellite-derived
. . 5 §_.| polluted regions, PM; 5 data.
»Per capita reduced deaths are higher over < 25 and in the Rest of World = L
2 gol e USand Europe (more aged population), FES 2,0l cleaner future, united cioiec|| > Additional future mitigations are
= and over Russia (substantially higher = H / B seeidntiaisd needed since: 1) recent exposure
: P _ ®. £15| Southeast Asia (Other) it i
% baseline mortality rates). 3 | 823 @ popuistion o T " - E indonesia & Malaysia reductions did r?ot fu_IIy countqract
Jo] 0 g SIS :,o\‘:,ﬁ 9;“ 3: so‘;‘\ 3 pf“”\“a"f \vl?,ou‘ \cwc’}em“ o N \\c‘\w‘ o “e;\é o 10 { North Africa & Middle East demeraphy'dnven Increase in
o 4 Pl v iRl i 4 etk Al otien) mortality; 2) future health benefits
ﬂ ( < & ' dndia will increase under cleaner air and
o5l 10 20 B oty 50 70 among older population.
8 o 2.5 (1
Fig. 4. Marginal benefits of reducing unit PM, ; for each year: 8 g Fig. 5. Decomposition of Fig. 4a into changes due to four factors Fig. 6. Overall PAF vs. PM, 5 (more transparent colors Funding: NASA HAQAST
(a) absolute death reduced; (2) death reduced per capita. (normalized to 2011; dotted black lines are changes in PMy ). indicate more recent year; size represents population). (80NSSC21K0508)




