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It uses the cascade
structure by including
multiple random forests
and extremely
randomized trees in
each middle layer.

The final result was
determined by
integrating the results
of all intermediate
hidden layers using the
Light Gradient Boosting
Machine.
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Concentration—-response functions (CRFs)

Relative risk:

1, x<x }

RR(x) = {eﬁﬁ\x F

All-cause mortality burden (MB):

MB = Rﬁ: x BMR x POP

Baseline mortality rate : BMR
Population: POP

If we consider BC has larger toxicity:

MB;r = MB(RRpm,.)pm,.—-sc T MB(RRgc)pc



Spatial distribution
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Trend by region

A usa (annual) B Eastern USA (annual) C Western USA (annual) D Western USA (fire season)
14+ : 20 - 10 : 20+ :
24 T1 I : 16 1 : 16 :
- I i k=-010% 89 k—-0.04 i k=012 k=-004 1 k=045
] E 12 ~f o [ 12 | l [
it | 8 1O A
- I I| I l | ] Wittt Hebssibinll
" ! ‘ R o4
\ | i N1 ittty
4 IHEEREEE LN 1 1 4 LT el relimer 11111 1
2000 2004 ' 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020
E F G H
0-6 ' 1.0- 0-6 : 124 :
os11|]] | = 5 09- i
=== 0057 | - {11 k=-0-001 041 k=-0002 i k=0-00 04 k=-0-003 i k= 0028
041 e T s
' [ .3 = ' .
I i i
"I [T inrinilthl i'I “I’Ill ' i
02 L il LI I!I 01 rrrriri 1 rrrrrri LI 0-0 I
2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 ' 2008 ' 2012 ' 2016 2020
| J K L
350 : ——MB; 200+ 90 : 110 :
E —— MB,, i H
290 — —677 | 160 - 70 5 90 ;
230 4 | T 120 : 70 :
H 4 50 H H
170 80 1 50 :
1m0 k=568 ! 40 Py - 307 o Y 30 -
: k=—1.93f 2 s i k=0-67% k=-1.03* 17 k=211t
50 LI i ; 0 rrrrrrrrrrritd 10 II;IIIII 10 ||||||i
2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 2020 2000 2004 2008 2012 2016 ' 2020

Year Year Year Year




PM, ; concentration

Black carbon concentration

Black carbon-to-PM, ratio

Mean (2000 to 2020)

Trend by time period

G J
Trend (2000 to 2020) Trend (2000 to 2010) Trend (2010 to 2020)

ng/m3
peryear




Summary

Both PM2-5 and black carbon in the USA showed significantly decreasing trends
overall during 2000 to 2020 (22% decrease for PM2-5 and 11% decrease for
black carbon), leading to a reduction of around 4200 premature deaths per year
(95% CI 2960-5050).

However, since 2010, the decreasing trends of fine particles and premature
deaths have reversed to increase in the western USA (55% increase in PM2-5,
86% increase in black carbon, and increase of 670 premature deaths [460-810]),
while remaining mostly unchanged in the eastern USA.

The black carbon-to-PM2-5 mass ratio increased annually by 2-4% across the
USA, mainly due to increasing wildfire emissions in the western USA and more
rapid reductions of other components in the eastern USA, suggesting a potential
increase in the relative toxicity of PM2-5.

When the greater toxicity of black carbon is considered, PM2:5 led to an
increase of around 930 deaths per year in the western USA, compared with an
increase of 670 deaths per year when black carbon is not considered. This is
much higher than the number of casualties directly caused by wildfires (around
89 deaths per year in the USA). The health benefits from air quality improvement
measures are significantly offset by wildfires.



With the change of annual standard...
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