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• Aerosols affect the climate system by intercepting incoming shortwave radiation. Although all 
aerosols act as scatterers of radiation, reducing surface irradiance, some species also 
absorb, effectively adding a positive energy term to the atmospheric radiative balance.  
 

• The main absorbing aerosol species are black carbon (BC), mineral dust, and the absorbing 
component of organic aerosols, usually termed brown carbon (BrC).  
 

• Conceptually, the net shortwave aerosol absorption, usually quantified through the absorbing 
aerosol optical depth (AAOD), can therefore be thought of as the sum of the contributions of 
these three separate species, integrated over the atmospheric column.  
 

• Observationally, however, such clear distinction into separate aerosol categories is usually 
not possible, because of mixing of aerosol species. This makes validation of model 
predictions challenging. 
 

• Constraint: Reasonable agreement between observations and theoretical or model-based 
estimates, combined with a quantification of the agreement and some understanding of why 
the two agree. 
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Crash course in aerosol absorption 



• Motivation 

• Species-based advances 
–  BC 

–  BrC 

–  Dust 

–  Multi-species model-based constraints 

• Observational advances 
–  Remote sensing by ground stations 

–  Remote sensing by satellites 

–  In situ surface stations 

–  In situ aircraft measurements 

• A roadmap towards improved constraints on aerosol absorption 
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Outline 
(of the paper…) 
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ERF (CAM4) 

AAOD 

Base: 0.003 

Signal: 0.004 

MACC 
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Modelled absorption strongly affects 
modelled precipitation… 

Samset 2018, npj Clim. Atm. Sci. 

Myhre 2017, BAMS 
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Phase III 
CTRL2016 

Year 2010 

Phase II 

MACC, 

Bellouin 2013 
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2010 

2008 

2006 

AeroCom Phase III 

CTRL2016 



BC Consistency of definition, absorption enhancement during ageing, emission 

inventories, residence time, vertical concentration profiles 

BrC Consistency of definition, composition (e.g. tarballs), wavelength dependence, 

lensing, absorption decay over time, vertical concentration profiles 

Dust Modeled source terms, size distributions, composition and assumptions on shape. 

Model-based 

constraints 

Optical properties, model process differences, assimilation 
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Issues and current topics: 
Physical properties and modelling 
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BC absorption enhancement 
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Consistent set of optical properties for 
absorbing aerosol species 



Remote sensing, 

ground stations 

AERONET AAOD at AOD<0.4, representativeness of sites, retrieval assumptions, 

separation of species 

Remote sensing, 

satellites 

Separation of species, retrieval assumptions, aerosol above clouds 

In-situ, surface 

stations 

Limited spatial coverage, correspondence of measurements to model assumptions 

In-situ, aircraft 

measurements 

Limited spatial and temporal coverage 
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Issues and current topics: 
Remote sensing and in-situ measurements 
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AERONET SSA values at high/low AOD 
conditions 
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Ground station representativeness 

Wang et al. GRL 2018 
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BrC at high altitudes? 

OMI 

Zhang et al., NGeo 2017 
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A roadmap towards improved constraints  
on aerosol absorption 

Thanks for your attention! 
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Backups 
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