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Fig. 1. Average dual ion mass spectra for the ATOFMS EC classes.
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Fig. 2. Box plots of diurnal trends (local time) of scaled mass concentration for the 4 ATOFMS EC classes (n = 27). Median, 75th percentile
and 90th percentile are denoted by the solid line, box and whisker respectively.

Lewis et al., 2008) and used by Sandradewi et al. (2008) and
Favez et al. (2010). This calculation was performed for both
aethalometer datasets. Further details of the aethalometer
model, and associated assumptions, can be found in Sciare
et al. (2011).

2.4 Lagrangian Particle Dispersion Model retroplumes

The FLEXPART (version 8.2) backward-running Lagrangian
Particle Dispersion Model (LPDM) (Stohl et al., 2005) was
run using meteorological data from the ECMWF model
(1⇥ 1 degree global resolution, 0.18⇥ 0.18 degree nested
resolution for Europe). FLEXPART allowed an accurate
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What IS the aerosol mixing state?

Bridging the chasm between particle-based measurements and models



What IS the aerosol mixing state?
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Zheng, West, Zhao, Ma, Liu, Riemer, ACP, 2021
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The large “error bar” on aerosol climate impacts in 
the IPCC figure is a manifestation of structural 
uncertainty in aerosol modelsClimate impacts summarized

Myhre, G., D. Shindell, F.-M. Bréon, W. Collins, J. Fuglestvedt, J. Huang, D. Koch, J.-F. Lamarque, D. Lee, B. Mendoza, T. Nakajima, A. Robock, G. Stephens, T. 
Takemura and H. Zhang, 2013: Anthropogenic and Natural Radiative Forcing. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 659–740, doi:10.1017/ 
CBO9781107415324.018. 

Nicole Riemer Aerosol Mixing State: MMM 2018-11-02 13 / 51



From aerosol state to model state

30

Modal models
Sectional models
Binned model

Particle-resolved modelsBulk models
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The large “error bar” on aerosol climate impacts in 
the IPCC figure is a manifestation of structural 
uncertainty in aerosol models

• How can this structural uncertainty be 
decreased?

• Our claim is that quantitative particle-level 
data is going to make a big difference to 
this. 

• Creating a synthesized view of what the 
aerosol actually is, will provide strong 
constraints for models. (Currently we 
don’t have/don’t make use of these strong 
constraints.)

Climate impacts summarized
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Takemura and H. Zhang, 2013: Anthropogenic and Natural Radiative Forcing. In: Climate Change 2013: The Physical Science Basis. Contribution of Working Group I 
to the Fifth Assessment Report of the Intergovernmental Panel on Climate Change [Stocker, T.F., D. Qin, G.-K. Plattner, M. Tignor, S.K. Allen, J. Boschung, A. 
Nauels, Y. Xia, V. Bex and P.M. Midgley (eds.)]. Cambridge University Press, Cambridge, United Kingdom and New York, NY, USA, pp. 659–740, doi:10.1017/ 
CBO9781107415324.018. 
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Single-particle aerosol measurements have been 
available for several decades, yet they are rarely 
used to compare to, let alone improve, models

Huge amounts 
of existing data

Quantitative particle-scale 
data to directly constrain 
model stateLarge

Why?



Type of quantity Example

Column-integrated diagnostic quantities AOD
Spatially-resolved diagnostic quantities CCN concentrations, scattering/absorption 

coefficients

In-situ measurements of prognostic bulk 
quantities

Total number concentration, total mass 
concentrations

Size-resolved prognostic quantities Number distribution, mass distribution

Mixing-state-resolving prognostic quantities Per-particle composition in
cr

ea
sin

g 
de

gr
ee

 o
f c
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st

ra
in

t

Diagnostic quantities: 
• Not directly predicted by models but can be 

calculated (diagnosed) based on model output.
• Additional assumptions needed for calculations. 
• Examples: AOD, CCN concentration, extinction 

coefficient

Prognostic quantities: 
• Directly predicted by models.
• Which variables these are depends on the structure 

of the model. 
• Examples: total number concentration per mode/bin, 

species mass concentrations per mode/bin.

What are we missing out on? Measuring prognostic 
quantities provides stronger constraints on model 
accuracy than measuring diagnostic quantities.
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It’s a fan!It’s a snake!

It’s a spear!

It’s a tree!

It’
s a

 ro
pe

!

It’s a wall!

Encyclopædia Britannica, African savanna elephant
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It’s external mixtures of sulfate and 
organics (between 200 and 800 nm)!

It’s black carbon non-
absorbing coating 
(between 70 and 500 nm)!

It’s liquid-liquid phase separated (between 50 and 300 nm)!

It’
s a

 fr
ac

ta
l!

It’s dust (for supermicron)!

Wanted: Best estimate of the aerosol state 

Challenges: 
• Different instruments see 

different aspects of mixing 
state. 

• Models and measurements 
track different quantities

• Not enough data coverage 

Path forward: 
• Multi-instrument effort to synthesize what the aerosol state is.
• Develop mapping between different measurement techniques and 

between measurements and modeling
• Develop measurement techniques that scale. 



How is this going to improve global models

Creating a synthesized view of what the aerosol actually is … 

• … will provide us with strong constraints on model predictions.

• … will enable us to fix structural uncertainty in aerosol models. 
• This could be as simple as choosing a different mode structure, but may require other 

infrastructure, e.g., a more flexible framework for modal models and constructing 
appropriate test suites 

• … will move us closer to getting the right results for the right reasons.


