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Relative roles of impact-generated aerosols on photosynthetic activity 
following the Chicxulub asteroid impact
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asteoroidImpactWRF 

Asteroid impact dynamic model Impact event 

planetWRF-core
(Richardson et al. 2007)

Aerosol microphysics module Aerosol radiation module

Sulfur Dust Soot (Black Carbon)

Wet deposition

Dry deposition

Wet deposition

Two-moment dry deposition

Spectral dust lifting
(Shao et al., 2001, 2004, 2009, 2010, 2011)

(Binkowski & Shankar, 1995)
(Zhang & Shao, 2014)

(Senel et al., 2021)

Sulfur SW

Sulfur LW

Dust SW

Dust LW

Soot (BC) SW

Soot (BC) LW

(Feng et al., 2015)

(Dufresne et al., 2002)

(Kiehl and Briegleb, 1993)

(Hess et al., 1998) 
(Kaiho et al., 2016)

Wet deposition

Two-moment dry deposition
(Binkowski & Shankar, 1995)

(Zhang & Shao, 2014)
(Senel et al., 2021)

+
(Toon et al., 2016)

(Tsarpolis et al., 2018)(Tsarpolis et al., 2018)

Goddard 
Radiation
Scheme

(Feichter et al., 1991)

Land-surface physics, microphysics, cumulus convection
Boundary-layer turbulence (Senel et al., 2019)

(Feichter et al., 1996)
+

(Xu, Charmichael, 1998)

Table 1:

Motivation: simulating the aerosol-driven climatic response to Chicxulub impactor 

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step

Our main focus → K-Pg impact winter conditions and assessing the cessation of photosynthesis in terms of the photosynthetically active radiation (PAR). 
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General Circulation Model (GCM) set-up
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1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step
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Description of GCM experiments: Chicxulub impact scenarios

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step
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● Initial dust particle size
d

p
 = 250 μm is given in Toon et al. 2016.

We assumed poly-dispersed dust particles:
as a log-normal distribution two-moment dust transport scheme

     

     constrained by the laser-diffraction grain-size analysis 
     of clay-rich KPB sediments from a recent field study in North-Dakota,
     by VUB - Analytical, Environmental & Geo-Chemistry group.

2.1. Impact-driven aerosol injection: Dust
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Toon, O. B., Bardeen, C., & Garcia, R. (2016). Designing global climate and atmospheric chemistry simulations for 1 and 10 km diameter asteroid impacts using the properties of ejecta from the K-Pg impact. ACP, 16(20), 13185-13212.

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step

Mass of injected dust → ma = 2,000,000 Tg (Toon et al. 2016)
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2.1. Impact-driven aerosol injection: Dust

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step

Dust-generated impact winter
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Toon, O. B., Bardeen, C., & Garcia, R. (2016). Designing global climate and atmospheric chemistry simulations for 1 and 10 km diameter asteroid impacts using the properties of ejecta from the K-Pg impact. 

Atmospheric Chemistry and Physics, 16(20), 13185-13212.

● Injected sulfur mass:

325,000 Tg → sulfur 
650,000 Tg → SO

2

based on the hydrocode simulations 
by Artemieva et al. (2017)

● No photochemistry of
SO

2
 → H

2
SO

4 
conversion

2.2. Impact-driven aerosol injection: Sulfur

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step
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2.2. Impact-driven aerosol injection: Sulfur

Sulfur-generated impact winter

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step

A
n

n
u

al
-m

e
an

 T
s
 [

°C
]

A
n

n
u

al
-m

e
an

 T
s
 [

°C
]

D
ai

ly
-m

e
an

 T
s
 [

°C
]

S
o

u
th

e
rn

 s
u

m
m

e
r 

se
as

o
n



GSA Connects 2021 - Annual Meeting Sep 16, 20219/12

Toon, O. B., Bardeen, C., & Garcia, R. (2016). Designing global climate and atmospheric chemistry simulations for 1 and 10 km diameter asteroid impacts using the properties of ejecta from the K-Pg impact. 

Atmospheric Chemistry and Physics, 16(20), 13185-13212.

Aerosol log-normal particle size distribution

2.3. Impact-driven aerosol injection: Fine soot

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step
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Soot: coarse vs. fine black carbon injection.

Injected coarse/fine soot: 72,700 Tg (Tabor et al., 2020)* 
“Emission of 72,700 Tg of carbon from the global fires with 28.6% of that total emitted as fine

soot come from measurements of elemental carbon found in KPB clays (Wolbach et al., 1990, 2003)”

2.3. Impact-driven aerosol injection: Fine soot

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step

*Tabor, C. R., Bardeen, C. G., Otto‐Bliesner, B. L., Garcia, R. R., & Toon, O. B. (2020). Causes and climatic consequences of the impact winter at the Cretaceous‐Paleogene boundary. 
Geophysical Research Letters, 47(3), e60121.
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2.3. Impact-driven aerosol injection: Fine soot

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step

Soot-generated impact winter
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3. Conclusion & Next step
Quantifying photosynthetically active radiation (PAR) flux reduction following the K-Pg impact. email: cem.berk@observatory.be

1. Methodology 2.1. Results:Dust 2.2. Results:Sulfur 2.3. Results:Fine soot 3. Conclusion & Next step
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Next Step:
Combined impact scenario
Dust+Sulfur+Fine Soot
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