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Volatility distribution of SVOC
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Residential Wood Burning 
(May et al., 2013c)
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Diesel vehicles
(May et al., 2013b) 

Primary organic aerosols (POA) are often
assumed to be nonvolatile by the regional
models but organic compounds are
semivolatile and part of POA should
volatilize and go the gas-phase.

POA can be split by volatility according to a 
Volatility Basis Set (VBS) approach using
dilution curves

POA from different sources can have 
different volatility profile:
• For diesel vehicles, at 298 K, only a few 

percents of SVOC in the particle at 1 µg/m3 

• For residential wood, around 25% of SVOC in 
the particle under the same conditions

Example of dilution curves reported in the literature

https://www.firescience.gov/projects/09-1-03-1/project/09-1-03-1_May_et_al_JGR_2013.pdf
https://www.firescience.gov/projects/09-1-03-1/project/09-1-03-1_May_et_al_JGR_2013.pdf
https://pubs.acs.org/doi/abs/10.1021/es400782j
https://pubs.acs.org/doi/abs/10.1021/es400782j
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Aging mechanisms

An aging mechanism need to be implemented to represent the oxydation of 
gas-phase SVOC and the formation of SOA

Two commonly used VBS approach:

• AGING A : Stantard VBS. Decrease of volatility by a factor 10, increase 
of mass of 7.5% (correspond to the formation of a ketone) with a kinetic 
of aging of 4 x 10-11 cm3 molecules-1 s-1

• AGING B : Decrease of volatility by a factor 100, increase of mass of 40% 
(Grieshop et al., 2009) kinetic of aging: 2 x 10-11 cm3 molecules-1 s-1

Additionnaly, Kodros et al. (2020) propose to consider the nightime oxidation
of gas-phase SVOC from RWB

Illustration of AGING A

Chamber experiment. Evolution of OA from wood burning in presence of NO2, O3 (and therefore
NO3) 

« Simulations that include this understanding of dark chemical processing show that over 70% of 
organic aerosol from biomass burning is substantially influenced by dark oxidation.”
Use of the kinetic of cresol with NO3: k=1.4 x 10-11 cm3 molecules-1 s-1
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Objectives of the task
Objectives :
• Determine the importance of SVOC treatment on model results with an intercomparison

of 4 models: CHIMERE, DEHM, EMEP and MATCH
• Propose a common methodology to represent SVOC in the CAMS models

• Simulation of year 2019, ideally with CAMS-REG-TEMPO and CAMS-REG REF2v6.1 

Used volatility profile
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EVALUATION

Comparison to the ACSM data over Europe 
(around 30 stations)
CHIMERE delivered PM1
Other models delivered PM2.5

Comparison to PMF results (harmonized
database from RI-URBANS):
• BBOA: Biomass Burning Organic Aerosol

(assumed to correspond to POA from RWB)
• HOA: hydrocarbon-like organic aerosol

(assume to correspond other POA)
• OOA: oxidized organic aerosol (assumed to 

correspond to secondary organic aerosol)
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Comparison of annual average diurnal cycles

CHIMERE

MATCH

EMEP
EMEP without
BOOA

DEHMSIM1 similar between EMEP and CHIMERE 
especially when BOOA (Organic aerosol coming
from boundary conditions) is not taken into
account

High differences between SIM2 and SIM1 
simulated with CHIMERE, MATCH and DEHM but 
not with EMEP
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Comparison to PMF

Similar HOA between EMEP and MATCH but higher with EMEP and DEHM 
POA (HOA+BBOA) would be better with CHIMERE when accounting for the 
semivolatile properties of POA. Not that clear for other models. 

Nonvolalite POA Semivolalite POA
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RMSE

Decrease of RMSE for POA in winter for CHIMERE and MATCH but 
increase for EMEP.
RMSE fairly similar in summer.

Nonvolalite POA Semivolalite POA
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Conclusions of the evaluation

Conclusions of the intercomparison:
• Taking into account the semivolatile properties of POA do not seem to improve the modeling of 

organic aerosols
• However, models could overestimate POA if assumed nonvolatile
• An apparent lack of SOA during winter in all models
⇒ Work will continue to investigate the importance of IVOC emissions during WP8. A lot of IVOC 

emissions (probably higher than the emissions of NMVOC) from RWB would not be added in the 
model to compensate the lack of SOA 

Comparison to PMF results is not that straightforward, HOA tends to be underestimated and BBOA 
overestimated but HOA in the PMF probably include some lowly oxidized OA from RWB. Some BBOA 
could be OOA.
How to perform better comparisons? 
⇒ Use of a semi-explicit SOA mechanism with around 90 SOA species (constructed by automatic 

reduction of explicit mechanisms like MCM) 
⇒ Development of an aging mechanism that can simulate the evolution of main OA categories
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Parameterization for Semi-volatile POAs from fossil fuel burning

• Emission distribution following 
May et al. (2013) Work

• Species with real chemical 
structures for non-ideality and 
solubility calculation

• Chemistry based on SAR from 
GECKO-A and MCM mechanisms

• OH chemistry representing 
functionalization, fragmentation 
or function modification

• RO2 chemistry representing 
effect of NOx regime or 
autoxidation on added functions 
and loss of volatility

• Possibility to represent IVOCs

• HOA and OOA adjustable 
separation
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Structure 
(linear alkane)

LOG(Psat) 
(atm)

Mw

1 C10 -3 142

2 C15 -5 212

3 C20 -7 282

4 C25 -9 352

5 C30 -11 422

nV C35 -13 492

(-5 /ox. Step) (-20 /ox. Step)

Added functions
per ox. Step:

+ 47% nitrate
+ 48% alcohol
+ 71% ketone
+ 3% hydroper.

+OH

+OH

+OH
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+OH +OH

Objective : Better comparisons of PMF products and modeled concentrations
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Parameterization for Semi-volatile POAs from Biomass burning

Species Psat
(atm)

EF

Ph1 3,2 × 10-6 0,15

Ph2 3,2 × 10-8 0,15

Alkoic 10-8 0,075

Levo 2,5 × 10-9 0,33

Res 10-11 0,075

Sugar 10-13 0,23

Psat

Alkoic

Levo

Res

Sugar

Ph1

Ph2

POA

[        ]  ×0,5

• Complex mixture of very different compounds :Molecular 
approach

• Speciation :    Schauer et al. 2001 et Hatch et al. 2018
• Distribution : May et al. 2013c et Hatch et al. 2018
• Oxidation according SAR from GECKO-A, simplified (RO2 

chemistry, etc.)
• BBOA and OOA adjustable separation (BBOA only linked to 

levoglucosan?)
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Evaluation of the new mechanism

RMSE
OM
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ACSM and PMF calculation

ACSMs measure a mass spectra with a signal for different m/z
Example of mass spectra from ACSM (Herndon et al., 2011)

m/z

WORK IN PROGRESS (Gherras M. thesis, 
collaboration with RI-URBANS)

link each measured signals (m/z) and 
modeled CHIMERE species concentrations 
with multilinear correlation:

Each m/z signal is written as a linear 
combination of the concentrations C of the 
species n :

⁄(𝒎𝒎 𝒛𝒛) = ∑(𝑨𝑨𝒏𝒏 × 𝑪𝑪𝒏𝒏)

• HOA, BBOA and OOA can then be recalculated from the m/z signal concentrations calculated from
CHIMERE by a CMB approach in a more consistent way with PMF

• HOA, BBOA and OOA can also be recalculated using the ACSM signals and the multilinear correlations
in a more consistent way with CHIMERE
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Post treatment of modeled data for PMF comparisons

m/z=60 (Levoglucosan, BBOA marker)

m/z=57 (HOA marker)

Spec. from BBOA mech.

HOA spec. From FF mech.

OOA

Results seems to chemically
coherent
m/z=60 is only link to 
levoglucosan and not the 
other wood burning SOA 

m/z=44 (OOA marker)
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Application to Lille annual profiles (preliminary results)

Recalculation of HOA, BBOA and OOA according to two new method:
• Application of CMB on CHIMERE m/z concentrations estimated by IA
• Redistribution of each m/z ACSM concentrations according to the contribution 

estimated from CHIMERE and IA 
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Correction of CHIMERE results (preliminary results)

Application of the IA method (constructed on Lille) on all stations => correct 
the bias for OM and improve the results during Winter and Summer

Average annual cycle RMSE
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Conclusions

Multilinear regression models between ACSM m/z ratio and SOA model 
species can:
• help to understand PMF results and the difference with simulation 

results
• Provide a method to correct simulation results

Inconvenient: the SOA mechanisms need probably to be quite complex
for this method to work. The used CHIMERE mechanism has more than
100 particle species.
What is the necessary level of complexity?
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