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Wildfire smoke PM2.5 exposure and mortality burden 
in the US under future climate change
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• What are the climate drivers of the US wildfire smoke PM2.5?
• What are the future wildfire smoke PM2.5 concentration and excess mortality 
     under future climate scenarios?

Paper 
pre-print

Result (3): smoke PM2.5 effects on 
mortality rates

Potential reasons for regional differences:
– Fire intensity (should be large enough to have detectable impacts)
– Agriculture fires more common in Upper Midwest/Ohio
– Vegetation denser in the Northwest (Jaffe, 2020)
– Smoldering is more often seen in Northwest

Result (1): climate-fire model

Figure 2:Performance of climate-fire models and the projected 
wildfire emissions under climate scenarios

Result (2): fire-smoke model

Method:  A data-driven approach that links climate to fire smoke PM2.5, and mortality 

 

 • Project smoke PM2.5 and mortality under future climate 
scenarios: Combine projected climate variables from CMIP6 
with the model above.
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Figure 3: Wildfire emission 
effects on smoke PM2.5 by 

distance and wind directions

all_ages

(0.1,0.25](0.25,0.5](0.5,0.75](0.75,1](1,2](2,3](3,4](4,5](5,6](6,10]

0%
2%
4%
6%
8%

m
or

ta
lit

ie
s 

ra
te

 c
ha

ng
e

pe
r 1

ug
 s

m
ok

e 
PM

2.
5

0%
10%
20%
30%

(0.1,0.25](0.25,0.5](0.5,0.75](0.75,1](1,2] (2,3] (3,4] (4,5] (5,6](6,20]

scenario
Observation
ssp126
ssp245
ssp370

CA

WA

TX

OR

FL
AZ

NV

CO
ID

MI
OH

VA
NC

MT

LA
GA

UT
PA

NY

MSNM

WI

SC
AL

IL−5000

0

5000

10000

100 500 3000
death_smoke

de
at
h_
te
m
p

0

10000

20000

30000

40000

Observationssp126ssp245ssp370

An
nu

al
 m

or
ta

lit
ie

s
du

e 
to

 s
m

ok
e 

PM
2.

5

bins
(5,20]
(2,5]
(1,2]
(0.5,1]
(0.1,0.5]

0.1-0.25

0.25-0.5

0.5-0.75
0.75-1 1-2 2-3 3-4 4-5 5-6 6+

Δ 
de

at
h

ra
te

 re
la

tiv
e

to
 s

m
ok

e 
<0

.1
μg

/m
3

A

C

B

E

2011-2020  SSP1-2.6  SSP2-4.5  SSP3-7.0
(2046 -2055 mean)

County-level
smoke PM2.5

5+
2 -5
1 -2
0.5 -1
0.1 -0.5

County-level smoke PM2.5 (μg/m3)

Δ annual deaths under SSP2-4.5 
(2046-2055 relative to 2011-2020)

1-10
10-50
50-100
100+

Pe
rc

en
ta

ge
 o

f 
co

un
ty

-y
ea

rs

SSP3-7.0
SSP2-4.5
SSP1-2.6
2011-2020

Δ deaths due to smoke PM2.5

Δ
de

at
hs

 d
ue

 to
 te

m
pe

ra
tu

re

Smoke worsens
temperature death 

Smoke offsets
temperature death 

2050 - 2010s (RCP4.5)

Temperature: -16k

Smoke : +10k

An
nu

al
 d

ea
th

s
du

e 
to

 s
m

ok
e 

PM
2.
5

−16000

−12000

−8000

−4000

0

4000

8000

x

de
at
h type

smoke
net

D
Δ

an
nu

al
 d

ea
th

s
in

 S
SP

2-
4.

5 

Utah

California

Colorado

North Dakota

Nevada

Wyoming

Idaho

Washington

Montana

Oregon

0%20%40%60%
Smoke contributions to total pop−weighted PM

scenario
Observation
ssp126
ssp245
ssp370

Estimated effects of smoke PM2.5 on death rates Estimated excess deaths due to smoke PM2.5

Figure 4: 
Mortality effects 
of annual smoke 
PM2.5 on annual 
mortality rates

Result (4): projected smoke PM2.5 
and mortality in the US
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Figure 5: Projected smoke PM2.5 
concentrations and contribution 

to total PM2.5

Figure 6: Projected smoke-PM2.5 related excess mortality

(1)  Build a machine learning model to predict fire emissions with climatic and 
land use variables.
input variables: temperature, precip, VPD, soil moisture, wind, runoff, humidity, land use 
types, 2001-2021. Output: GFED4s emissions, Linear, LASSO, NN models
(2) Build a statistical model to predict smoke PM2.5 of each 10km grid from fire 
emissions. Satellite-derived ML-based smoke PM2.5 (Childs et al. 2022) Regression model 
accounts for wind and distance
(3)  Empirically estimate smoke-mortality response function using county-level 
mortality rate data. 
Mortality data: all-age all-cause county-level mortality rates, 2006-2019
Poisson model with binned smoke concentration

Research 
question: 
Key uncertainty: wildfire effects on PM2.5 + mortality effects of smoke PM2.5 (relative to total PM2.5)

mailto:mhqiu@stanford.edu
mailto:minghao.qiu@stonybrook.edu

