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Research brief 
Summary of research paper published in Nature 
Communications titled: Biomass burning aerosols in 
most climate models are too absorbing

In a recent paper published in the high-impact factor journal Nature 
Communications, data collected at the Welgegund atmospheric 
monitoring station was one of 12 observational datasets utilised 
in a study to quantify the uncertainty in the representation of 
biomass burning (BB) aerosol composition and optical properties 
in climate models. Biomass burning aerosol make up a majority 
of primary combustion aerosol emissions (Andreae, 2019), with 
the main sources of global BB mass being Africa (~52%), South 
America (~15%), Equatorial Asia (~10%), Boreal forests (~9%), and 
Australia (~7%) (Van der Werf et al., 2010). The composition, size, 
and mixing state of BB aerosols determine the optical properties 
of smoke plumes in the atmosphere, which in turn is a major factor 
in dictating how they perturb the energy balance in the earth 
system. Depending on the model, the top-of-the-atmosphere BB 
aerosol effect can range from cooling to warming. 

By relating aerosol absorption relative to extinction and 
carbonaceous aerosol composition from 12 observational 
datasets to nine state-of-the-art Earth system models and 
chemical transport models, varying degrees of overestimation 
in BB aerosol absorptivity by these models were identified. 
Modifications to BB aerosol refractive index, size, and mixing state 
was made in the Community Atmosphere Model version 5 (CAM5), 
which improved the model in agreement with observational 
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measurements. These improvements led to a global change in BB 
direct radiative effect of −0.07 W.m−2, while regional changes of −2 
W.m−2 in Africa, and −0.5 W.m−2 in South America and Temperate 
regions were observed. These findings suggest that current 
modeled BB contributes less to warming than previously thought, 
largely due to treatments of aerosol mixing state.

References
Andreae, M. O. Emission of trace gases and aerosols from biomass 
burning – an updated assessment. Atmos. Chem. Phys. 19, 8523–
8546 (2019). 

Brown H., Liu X., Pokhrel R., Murphy S., Lu Z., Saleh R., Mielonen 
T., Kokkola H., Bergman T., Myhre G., Skeie R.B., Watson-Paris D., 
Stier P., Johnson B., Bellouin N., Schulz M., Vakkari V., Beukes J.P., 
van Zyl P.G., Liu S. and Chand D. Biomass burning aerosols in most 
climate models are too absorbing. Nat Commun 12:277 (2021). 
https://doi.org/10.1038/s41467-020-20482-9.

Van der Werf, G. R. et al. Global fire emissions and the contribution 
of deforestation, savanna, forest, agricultural, and peat fires 
(1997–2009). Atmos. Chem. Phys. 10, 11707–11735 (2010).

1Department of Atmospheric Science, University of Wyoming, Laramie, WY, USA
2Department of Atmospheric Sciences, Texas A&M University, College Station, TX, USA

3Department of Physics, North Carolina A&T State University, Greensboro, NC, USA
4Air Quality and Climate Research Laboratory, University of Georgia, Athens, GA, USA

5Finnish Meteorological Institute, FI-70211 Kuopio, Finland
6Climate System Research, Finnish Meteorological Institute, FI-00101 Helsinki, Finland

7Center for International Climate and Environmental Research – Oslo (CICERO), Oslo, Norway
8Atmospheric, Oceanic and Planetary Physics, Department of Physics, University of Oxford, Oxford, UK

9Met Office, Exeter, UK
10Department of Meteorology, University of Reading, Reading, UK

11Norwegian Meteorological Institute, Oslo, Norway
12Finnish Meteorological Institute, FI-00101 Helsinki, Finland

13Atmospheric Chemistry Research Group, Chemical Resource Beneficiation, North-West University, Potchefstroom, South Africa
14School of Earth and Space Sciences, University of Science and Technology of China, Hefei, China

15Atmospheric Sciences and Global Change Division, Pacific Northwest National Laboratory, Richland, WA, USA

https://doi.org/10.17159/caj/2021/31/1.11221


