Supplementary Material

for Mourgela et al. “The radiative effect and climate responses of present-day wildfire
emissions”

Wildfire emissions analysis

Table S1: Regional contribution to the total global wildfire emissions (%) per species for 2015 (CMIP6 wildfire
dataset, scenario SSP3-7.0 (Feng et al., 2020))

BC OC NH3; CO SO, NOy NMVOCs
Boreal North America 3.7 8.2 8.6 5.3 6.6 1.1 5.7
Boreal & Central Asia 99 14.7 18.7 111 126 4.1 11.8

Africa 1503 309 362 451 489 I 432

South America 16.5 15.3 15.7 152 13.2 14.8 14.9
Equatorial Asia 4.5 7.5 7.5 94 45 3.8 10.5
Other 151 143 13.3 139 143 145 14

Global (Tg) 1.7 152 39 328 2.2 137 63.2

Global emissions effect on pressure and winds | Atmosphere-only simulations and fully coupled
ocean-atmosphere simulations
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Figure S1: Spatial distribution of the surface pressure (Pa) along with wind direction and speed at 850hPa of the
control simulation, the perturbation simulation, and their difference (30-year mean of the atmosphere-only
simulations and 50-year mean of the fully coupled ocean-atmosphere simulations).



Global wildfire emissions effect on Africa and Southeast Atlantic Ocean
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Figure S2: Vertical profiles of cloud cover (%) change and BC (black carbon) mass mixing ratio (kg/kg) increase due
to the present-day wildfire emissions for the region of Africa and southeast Atlantic (red square). The profiles were
calculated as the difference between the perturbation run and the control run (30 years of atmosphere-only
simulations) depicting the synergistic effect of global wildfire emissions.

Global wildfire emissions effect on North Atlantic Ocean

Global emissions effect | Change in Percentage Cloud Cover for 40°N-60°N (averaged)
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Figure S3: Vertical profiles of cloud cover (%) change and BC (black carbon) mass mixing ratio (kg/kg) increase due
to the present-day wildfire emissions for the region of North Atlantic (red square). The profiles were calculated as
the difference between the perturbation run and the control run (30 years of atmosphere-only simulations)
depicting the synergistic effect of global wildfire emissions.
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Global wildfire emissions effect on Indian Ocean

. Global emissions effect | Change in mass mixing ratio of OA for 5°5-11°N (averaged) 1e-10 . Global emissions effect | Change in mass mixing ratio af BC for 5°5-11°N (averaged) 1e-11
i s i 3
100] 100]
150 4 150
200 2 200 2
250 250
300 300
1 1
= 400 = 40
£ - £ -
£ s o 2 £ sm o 2
& o £
-1 -1
00
-2 -2
850
azs
-3 -3
1000
- EY 5 & o E) s & 50 B3 B [ 7 7
Longitude Longitude
. Giobal emissions effect | Change in aerasol iquid water content for 5°5-11°N (averaged 1e-p X Global emissions effect | Change in Air Temperature for 5°5-11°N (averaged)
3
100
150
200 2
30
300
1
g H
£ so0 o E ¢
H E 7
£ oo £

-3

005
004
0.03
0.02
001
000
~a.01
—a.02
—0.03
~0.04
-a0.05

45 ) 55 s 65 0 7
Lengltude Lor\uuuue
Global emissions effect | Change in Relative Humidity for 5°5-11°N (averaged) Global emissions effect | Change in Omega (=dp/dt) for 5°5-11°N (averaged)
1 1
15 0005
100
150 o002
10 200 w
o 0003
00 0.002
05
& 5 400 o.001
£ £
H 00 # & s00 oou &
] g £
H £ oo -0001
-0
100 -a.00z
—0.003
-10
a0 ~0.004
25 925
-15 -a.005
1000
a5 50 55 50 5 0 5 45 0 55 3 5 ) ™
Longitude Longitude

Figure S4: Vertical profiles of the changes in the mixing ratio (kg/kg) of BC (black carbon), OA (organic aerosols),
aerosol liquid water content, and the changes in air temperature (K), relative humidity (%) and omega due to the
present-day wildfire emissions for the region of Indian Ocean (red square). The profiles were calculated as the
difference between the perturbation run and the control run (30 years of atmosphere-only simulations) depicting
the synergistic effect of global wildfire emissions.



Regional wildfire emissions effects on global scale | Atmosphere-only simulations: Radiative Effect
(RE), its decomposition and drivers

- Boreal North America (BNA) emissions effects
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Figure S5: Spatial distribution of the Radiative Effect (RE) (W/m?) of the present-day wildfire emissions from Boreal North America (BNA), and
its decomposition into the RE due to the Aerosol-Radiation Interactions (REari), the Aerosol-Cloud Interactions (REac), and the residual term
(REres). Moreover, the spatial distribution of the changes in Aerosol Optical Depth (AOD) at 500nm, the tropospheric Oz (DU), the water vapor
path (kg/m?) and the surface albedo, are presented. The maps represent the difference between the 30-year mean of the atmosphere-only
perturbation simulations and the 30-year mean of the simulations conducted without the BNA emissions. Black stippling denotes that the
change is significant at the 0.05 level. It is noted that in the present work, surface albedo is determined as (Surface Upwelling Shortwave
Radiation)/(Surface Downwelling Shortwave Radiation)



- Boreal & Central Asia (BCA) emissions effects
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Figure S6: Spatial distribution of the Radiative Effect (RE) (W/m?) of the present-day wildfire emissions from Boreal
& Central Asia (BCA), and its decomposition into the RE due to the Aerosol-Radiation Interactions (REar), the
Aerosol-Cloud Interactions (REac), and the residual term (REres). Moreover, the spatial distribution of the changes
in Aerosol Optical Depth (AOD) at 500nm, the tropospheric Oz (DU), the water vapor path (kg/m?) and the surface
albedo, are presented. The maps represent the difference between the 30-year mean of the atmosphere-only
perturbation simulations and the 30-year mean of the simulations conducted without the BCA emissions. Black
stippling denotes that the change is significant at the 0.05 level. It is noted that in the present work, surface albedo
is determined as (Surface Upwelling Shortwave Radiation)/(Surface Downwelling Shortwave Radiation)



- South America (SA) emissions effects
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Figure S7: Spatial distribution of the Radiative Effect (RE) (W/m?) of the present-day wildfire emissions from South
America (SA), and its decomposition into the RE due to the Aerosol-Radiation Interactions (REag)), the Aerosol-Cloud
Interactions (REac), and the residual term (RE.s). Moreover, the spatial distribution of the changes in Aerosol
Optical Depth (AOD) at 500nm, the tropospheric Oz (DU), the water vapor path (kg/m?) and the surface albedo, are
presented. The maps represent the difference between the 30-year mean of the atmosphere-only perturbation
simulations and the 30-year mean of the simulations conducted without the SA emissions. Black stippling denotes
that the change is significant at the 0.05 level. It is noted that in the present work, surface albedo is determined as
(Surface Upwelling Shortwave Radiation)/(Surface Downwelling Shortwave Radiation)



- Africa (AF) emissions effects
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Figure S8: Spatial distribution of the Radiative Effect (RE) (W/m?) of the present-day wildfire emissions from Africa
(AF), and its decomposition into the RE due to the Aerosol-Radiation Interactions (REari), the Aerosol-Cloud
Interactions (REac), and the residual term (RE.s). Moreover, the spatial distribution of the changes in Aerosol
Optical Depth (AOD) at 500nm, the tropospheric Oz (DU), the water vapor path (kg/m?) and the surface albedo, are
presented. The maps represent the difference between the 30-year mean of the atmosphere-only perturbation
simulations and the 30-year mean of the simulations conducted without the AF emissions. Black stippling denotes
that the change is significant at the 0.05 level. It is noted that in the present work, surface albedo is determined as
(Surface Upwelling Shortwave Radiation)/(Surface Downwelling Shortwave Radiation)



- Equatorial Asia (EQ) emissions effects
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Figure S9: Spatial distribution of the Radiative Effect (RE) (W/m?) of the present-day wildfire emissions from
Equatorial Asia (EQ), and its decomposition into the RE due to the Aerosol-Radiation Interactions (REar), the
Aerosol-Cloud Interactions (REac), and the residual term (REres). Moreover, the spatial distribution of the changes
in Aerosol Optical Depth (AOD) at 500nm, the tropospheric Os (DU), the water vapor path (kg/m?) and the surface
albedo, are presented. The maps represent the difference between the 30-year mean of the atmosphere-only
perturbation simulations and the 30-year mean of the simulations conducted without the EQ emissions. Black
stippling denotes that the change is significant at the 0.05 level. It is noted that in the present work, surface albedo
is determined as (Surface Upwelling Shortwave Radiation)/(Surface Downwelling Shortwave Radiation)



Regional wildfire emissions effects on global scale | Atmosphere-only simulations: Fast Precipitation responses

Global issi effect | Total Preci Global issi effect | C Precipitati Global issi effect | Larg I

Global Mean: -0.012 mm/day, NH: -0.006 mmy/day, SH: -0.018 mm/day

Global Mean: -0.005 mm/day, NH: -0.003 mm/day, SH: -0.006 mm/day

-045 -030 -015 000 015 030 045 -045 -030 -015 000 015 030 045 -045 -030 -015 000 015 030 045
mm/day mmjday mmjday
Boreal North America effect | Total Precipitation Boreal North America effect | Convective Precipitation Boreal North America effect | Large-Scale Precipitation

.010 mm/day

Global mean: -0.002 mm/day, NH: -0.000 mm/day, SH: -0.003 mm/day

-05 -04 -03 -02 -01 00 01 02 03 04 05 -05 -04 -03 -02 -01 00 01 02 03 04 05 -05 -04 -03 -02 -01 00 01 02 03 04 05
mm/day mmiday mmiday
Boreal & Central Asia effect | Total Precipitation Boreal & Central Asia effect | Convective Precipitation Boreal & Central Asia effect | Large-Scale Precipitation

Global mean: 0.000 mm/day, NH: -0.000 mm/day, SH: 0.001 mm/day Global mean: 0.001 mm/day, NH: 0.000 mm/day, SH: 0.001 mm/day Global mean: -0.001 mm/day, NH: -0.001 mm/day, SH: -0.001 mm/day

-05 -04 -03 -02 -01 00 01 02 03 04 05 -05 -04 -03 -02 -01 00 01 02 03 04 05 -05 -04 -03 -02 -01 00 01 02 03 04 05
mm/day mm/day mm/day

Figure S10: Spatial distribution of the changes in Total Precipitation (mm/day), Convective Precipitation and Large-scale Precipitation caused by the present-day wildfire emissions. Here, the effect of global
wildfire emissions is presented, along with the effect the wildfire emissions from Boreal North America, Boreal & Central Asia, South America, Africa, and Equatorial Asia. The maps of the synergistic effect
of the global wildfire emissions represent the difference between the 30-year mean of the atmosphere-only perturbation simulations and the 30-year mean of the control simulations, while the rest of
the maps represent the difference between the 30-year mean of the perturbation simulations and the 30-year mean of the simulations conducted without the region of interest. Black stippling denotes
that the change is significant at the 0.05 level.
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Figure S10: (continue) Spatial distribution of the changes in Total Precipitation (mm/day), Convective Precipitation and Large-scale Precipitation caused by the present-day wildfire emissions. Here, the
effect of global wildfire emissions is presented, along with the effect the wildfire emissions from Boreal North America, Boreal & Central Asia, South America, Africa, and Equatorial Asia. The maps of the
synergistic effect of the global wildfire emissions represent the difference between the 30-year mean of the atmosphere-only perturbation simulations and the 30-year mean of the control simulations,

while the rest of the maps represent the difference between the 30-year mean of the perturbation simulations and the 30-year mean of the simulations conducted without the region of interest. Black
stippling denotes that the change is significant at the 0.05 level.



Regional wildfire emissions effects on global scale | Atmosphere-only simulations: Fast Surface
Temperature responses
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Figure S11: Spatial distribution of the changes in Near-Surface Temperature (K) caused by the present-day wildfire
emissions. Here, the effect of global wildfire emissions is presented, along with the effect the wildfire emissions
from Boreal North America, Boreal & Central Asia, South America, Africa, and Equatorial Asia. The maps of the
synergistic effect of the global wildfire emissions represent the difference between the 30-year mean of the
atmosphere-only perturbation simulations and the 30-year mean of the control simulations, while the rest of the
maps represent the difference between the 30-year mean of the perturbation simulations and the 30-year mean
of the simulations conducted without the region of interest. Black stippling denotes that the change is significant
at the 0.05 level.



Regional wildfire emissions effects on global scale and global wildfire emissions synergistic effects |
Atmosphere-only simulations: Surface upward latent heat flux
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Figure S12: Spatial distribution of the changes in Surface Upward Latent Heat Flux (W/m?) caused by the present-
day wildfire emissions. Here, the effect of global wildfire emissions is presented, along with the effect the wildfire
emissions from Boreal North America, Boreal & Central Asia, South America, Africa, and Equatorial Asia. The maps
of the synergistic effect of the global wildfire emissions represent the difference between the 30-year mean of the
atmosphere-only perturbation simulations and the 30-year mean of the control simulations, while the rest of the
maps represent the difference between the 30-year mean of the perturbation simulations and the 30-year mean
of the simulations conducted without the region of interest. Black stippling denotes that the change is significant
at the 0.05 level.



Regional wildfire emissions effects on global scale and global wildfire emissions synergistic effects |
Atmosphere-only simulations: Surface upward sensible heat flux
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Figure S13: Spatial distribution of the changes in Surface Upward Sensible Heat Flux (W/m?) caused by the present-
day wildfire emissions. Here, the effect of global wildfire emissions is presented, along with the effect the wildfire
emissions from Boreal North America, Boreal & Central Asia, South America, Africa, and Equatorial Asia. The maps
of the synergistic effect of the global wildfire emissions represent the difference between the 30-year mean of the
atmosphere-only perturbation simulations and the 30-year mean of the control simulations, while the rest of the
maps represent the difference between the 30-year mean of the perturbation simulations and the 30-year mean
of the simulations conducted without the region of interest. Black stippling denotes that the change is significant
at the 0.05 level.
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Figure S14: Spatial distribution of the Sea surface Temperatures (SSTs) changes due to the present-day wildfire
emissions. The maps represent the difference between the 50-year mean of the fully coupled ocean-atmosphere
perturbation simulations and the 35-year mean of the corresponding control simulations.
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Figure S15: ENSO oceanic index Nifio 3.4 (5-month rolling mean) calculated as the difference between the
perturbation run and control run (50 years of fully coupled ocean-atmosphere simulations), and as presented in

Trenberth (2025a)
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Figure S16: ENSO atmospheric index SOI (Southern Oscillation Index) calculated as the difference between the
perturbation run and control run (50 years of fully coupled ocean-atmosphere simulations), adopting the
methodology presented in Trenberth (2025b)
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