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“Net SOA”: added mass w/ BB aging is small 
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Cubison et al., 
ACP 2011 

Chemical aging always observed! 
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Net BB SOA in Field: 2017 update 
•  Out of the 17 published aircraft studies on aging of BB 

emissions, 10 reported no detectable net addition of OA 
mass with photochemical evolution, while 4 reported an 
increase and 3 reported a decrease [Hobbs et 
al., 2003; Cubison et al., 2011; Akagi et al., 2012; Jolleys et 
al., 2012; Forrister et al., 2015; Jolleys et al., 2015; May et 
al., 2015; X. Liu et al., 2016].  

•  One mountain site saw no change [Zhou et al., 2017] 

•  Global modeling efforts should be consistent w/ field 
evidence! 

Shrivastava et al., Rev. Geo. 2017 
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•  Starting in GEOS-Chem v11-02, we will have an option for "simple" SOA that 
forms irreversibly. This option will allow GEOS-Chem users to get approximate 
the "correct" amount of global SOA without detailed chemistry. 

•  This scheme introduces two SOA-related tracers: SOAP (SOA precursor) and 
SOAS ("simple" SOA in the particle phase). The emission of SOAP is tied 
directly to emissions of […] biomass burning CO  

•  SOAP forms SOAS on a fixed timescale of 1 day.  
•  Biomass burning and biofuel: 0.013 g SOAP/(g CO emitted). As implemented in 

GEOS-Chem by Kim et al., 2015, based on field results from 
Cubison et al., 2011. 

What to do in models? E.g. SIMPLE 
param. in GEOS-Chem v11 

http://wiki.seas.harvard.edu/geos-chem/index.php/Secondary_organic_aerosols  
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•  Gas/Particle OC 
~ 3 in BB smoke vs. ~50 in 
urban pollution 

•  Easy for SOA to compete 
with POA in urban, very 
difficult for fires 

•  Lots of room for POA 
evaporation in BB  

•  Makes sense that net SOA / 
POA is far larger in pollution 
than BB 
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Heald et al., ACP 2008 

Why are fires different from urban? 
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Why can added SOA help models? 
It cancels error of BB POA being too low! 

- Fire inventories 
generally biased 
low 
 - Uncertainties in 
BB POA are far 
larger than those 
on net BB SOA 
production factor! 
- Also large 
uncertainties with 
e.g. injection 
height etc. 
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Recommendations 
•  Models: 

–  It is great to try new BB SOA schemes, but… not ok to 
implement a scheme that makes a lot of net BB SOA and 
treat it as a real global option (given current understanding) 

–  Always test the net SOA formation under typical conditions 
in your model 

–  Compare with the SIMPLE scheme (Cubison et al., 2011, 
or as implemented in GEOS-Chem v11) 

•  Experimentalists:  
–  Understand why SOA formation in the lab is higher (walls + 

tubing?) 
•  Everyone:  

–  Better understand the fundamentals so that we can 
implement more realistic param. in models (incl. aging) 
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Lab Studies: high net SOA 

•  Photochemical oxidation produced substantial new OA, 
increasing concentrations by a factor of 1.5 to 2.8 after 
several hours of exposure to typical summertime hydroxyl 
radical (OH) concentrations 

•  This and multiple subsequent lab studies generally have 
seen more net SOA than field studies 
–  Including our own work (Ortega et al., 2013) 
–  Why?  
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Gas Tubing Delays vs. C* 

PTRMS 

Teflon 
Tubing 

Pagonis et al., AMT 2017 

Dark Teflon 
chamber with 

ketones  

- Some delay from PTRMS, but major delay from 
tubing, increases x10 for each decade in c* 
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Large perturbation of exp. by surfaces 

Palm et al. ACP 2018 (SI) 

•  10 m inlet, 2 lpm (similar to recent study) 
•  Really short inlet: 1 ft, 2 lpm: Still lose ~1/2 of SOA potential! 
•  Heating can help a little but does not solve the problem 
•  The point is that experimental system can majorly perturb results 
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BACKUP SLIDES 
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Net BB-SOA in the Global OA Budget 
•  Global OA budget ~ 180 Tg OA yr-1 

–  Hallquist et al. 2009; Heald et al., 2010; Spracklen et al., 2011 

         =    8 ± 7  (field)       = 7 ± 6 Tg OA yr-1 (field) 
          =  10        (CU PAM lab – Ortega et al., in prep.) 
           =     23        (CMU teflon bag – Hennigan et al., 2011) 

•  Potentially Important global source, 5% of global OA 
–  But substantial error bars 
–  Future:  

•  Stratify for important types of BB 
•  Refine with additional data  
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SOA Formation Potential: BB Smoke  
•  High variability 
•  Avg: aging smoke can produce 

net SOA mass 
–  Laboratory avg. 42% of POA 
–  Aircraft field avg. 20% (Cubison et 

al., 2011) 
– High diversity  in both field and 

lab observations  

•  Using field data: aging of 
smoke contributes ~5% of total 
global OA source (~8 Tg yr-1) 

•  Chemical aerosol aging 
observed in all cases (lab & 
field) 

© Daniel Bon 
2009 
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 Urban Air and Biomass Smoke 

© Daniel Bon 2009 

Pasadena Supersite at Caltech, Calnex-LA 2010 

FLAME-3, Missoula, MT, Oct-2009 


