\

_\
NCAR

Can 3D Models Explain Observed
Organic Aerosols?

Alma Hodzic, Sasha Madronich, Julia Lee-Taylor, NCAR /ACD
Jose L. Jimenez, University of Colorado

Jerome Fast, Pacific Northwest National Lab.

International Workshop on Air Quality Forecasting Research

2-3 Dec. 2009, NOAA, Boulder, Colorado



Natural

Uncertainty in aerosol effects of climate

- Radiative forcing RF (IPCC, 2007)
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To trust future climate predictions aerosols need to be better constrained (e.g. organics)



Dominance of organic aerosols

AMS measurements: Sulfate Organics
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Modeling OA : What are the challenges?
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Modeling OA formation during MILAGRO 2006

99°30'W 99°15'W  99°W  98°45'W 98°30'W

Air quality model CHIMERE “
« 2 nested domains (35x35 km? ; 5x5 km?)
« simulation from 1-30 March 2006 ey D
» Meteorological data: MM5/AVN e .
» Anthropogenic Emissions:
NEI-99 + MCMA 2006 e 0w
 MEGAN Biogenic emissions T -
« Wildfire emissions (MODIS) LT
» Gas-phase chemistry: vew ow w orn v wn
MELCHIOR 44 sp,116 reactions N 77
« Aerosol module =7 N N
8 bins / internal mixing
Inorganics (ISORROPIA)
SOA scheme (Pun et al., 2006)

10°N

Dry / wet deposition




OA measurements during MILAGRO March 2006

March 2006: Composition of PM1 particles

- AMS: Aerosol Mass Spectrometer measurements

- PMF: Positive Matrix Factorization of AMS spectra
surface sites (T0, T1, PTP)
aircraft (G-1, C130)

Total PM;=33.7 uyg m> , )
Metals, 1.0, P LOA, 1.4
3%

BC, 4.2, 12%
Soil, 1.7, 5
____Ammonium, '

2.0, 6%
Chloride, 0.4,
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Nitrate, 3.5,
Sulfate, 3.8, 10%
11%

Aiken et al., ACP, 2009

20°N —|

19°40'N —|

19°20'N —|

19°N —

100
ao—f
eoé
40

20

99°30'W 99°15'W  99°W  98°45'W 98°30'W

O
g ¥ |

I~ 19°40'N

— 19°20'N

— 19°N

99°30'W 99°15'W  99°W  98°45'W 98°30'W

NENN- HERR B

05 1 15 2 25 3 35 4 45 5 55 6 65 7

O0A
BBOA
HOA
LOA

Hour of the Day



Model vs. Measurements at the surface

- Mexico City TO, March 2006
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SOA formation : 2-product approach

* Lump gas oxidation products into high and low volatility
* Partition into organic / aqueous phase based on smog chamber data
* Pun et al., 2006 parameterization
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SOA formation : explicit chemistry

* Provides chemical identity of products (e.g. Master Chemical Mechanism)

» Reactions and rates are extrapolated from know chemistry (not measurements).

Predictions of the GECKO model during MIRAGE 2006:

Chemistry up to C10 : 220,000 species & 1.5 M reactions (Computer generated chemistry)

Parent contributions to aerosol (top 50 spp)

- SOA ~ up to 2.5 ug/m?3 (peak) 08

-Most of aerosol carbon is

accounted for by relatively few
species ~10 sp. ( -OH, -NO3,
-NO2 groups dominates)

fraction of total aerosol carbon
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SOA formation :

Biogenic SOA
- modeled with MEGAN

- estimated from tracer measurements

(Stone et al., 2009)

- Biogenic SOA is NOT underestimated
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OOA (ug/m3) at TO

SOA formation : contribution of biogenic precursors
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How large is the unexplained SOA mass?

PBL-column integrated mass
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Shortcomings of the traditional SOA approach
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Hodzic et al., in prep. ACP



SOA formation: contribution of primary organic vapors

- POA assumed as volatile (instead of inert) (Robinson et al., Science, 2007)
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SOA formation: contribution of primary organic vapors

- Predicted Total Organic Aerosol : 15-30 March 2006

pTOA _ref (ug/m*)
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- POA volatile
- Oxygen gain of 7.5%
- Volatility drop x10
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Grieshop et al. 2009

- POA volatile
- Oxygen gain of 40%
- Volatility drop x100



SOA formation: contribution of primary organic vapors
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Continuous SOA production downwind of the city

- Strong increase of OA in urban plumes as a function of
photochemical age due to chemistry
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SOA formation: Summary
Hodzic et al., in prep. ACP
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- Confirm large underprediction of the traditional SOA approach
- With S/IVOC chemistry model predictions are in the range of measured SOA

- Several SOA formation pathways = Need for additional experimental constraints



How can we better constrain model predictions?

* Aerosol optical properties (e.g. lidar, photometer data, spectral absorption)

» Atomic ratios (O/C, N/C) provided by AMS measurements

- Predicted oxidation state during MIRAGE (15-30 March) AMS data
O/C ratio 2006-03-15_00:00:00 to 2006-03-30_23:00:00 Robinson simu.
e [ | | ' ' O/C ratios at TO urban site Grieshop simu.
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Seattle, WA

Los Angeles, CA

Can we further constrain OA predicted by models?

* Aerosol optical properties (e.g. lidar, photometer data, spectral absorption)

» Atomic ratios (O/C, N/C) provided by AMS measurements

* Fraction of fossil / non-fossil organic carbon

Phoenix, AZ Denver, CO Nashville, TN Aveiro, Portugal Schauinsland, Germany Sonnblick, Austria
4.2 (10.8.) pg/m? 5.9(9.2) pgl/m’ 4.0(14.1) pgC/m? 4.1(1.66) pgC/m? 1.56(0.2) pgl/m*

Fossil carbon
Biogenic carbon

w/8 (505) 15T
euly) Bullieg

ueder ‘0Ay0L

afesane vl wySr 15°5

T0O T1

Long Beach, CA Mexico City Houston, TX Tampa, FL  Puy de Dome, France Zurich, CH K-Puszta, Hungary
6.5 (19.0) pg/m’ 10=21.5 pg/m’ 4.9 (0.86) pgC/m’ sononeem’  Hodzic et al., in prep.






Can we further constrain OA predicted by models?

* Aerosol optical properties (e.g. lidar, photometer data, spectral absorption)

» Atomic ratios (O/C, N/C) provided by AMS measurements

* Fraction of fossil / non-fossil organic carbon

Fraction of Non-Fossil Carbon at TO
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SOA formation : 2-product approach
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Good agreement for primary organic species

- Surface stations, March 2006
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(¥} HOA and BBOA well captured by the model in the city



SOA formation : role of biogenic precursors

- CHIMERE
o At T1 - OBS
Biogenic SOA 4
- modeled with MEGAN =0
- estimated from tracer measurements < '°®7
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Model vs. Measurements at the surface

- Mexico City T1, March 2006
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CO (ppm)
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HOA (ug/m

Model vs. Measurements in the urban plume

C130 mean= 0.25; Model: bias=-0.01 r2= 0.86
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SOA formation : explicit chemistry

* Provides chemical identity of products (e.g. Master Chemical Mechanism)
» Reactions and rates are extrapolated from know chemistry (not measurements).

Predictions of the GECKO model during MIRAGE 2006:

Most of aerosol carbon is accounted for by relatively few species ( -OH,

AR0212 -NO3, -NO2 groups dominates)
3-methyl-6-nitro-catechol.

Precursor: toluene j@ P 10 major species (~ 50% mass)
AR0128 T o

3-methyl-6-nitro-catechol. 0\\”//0
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AR0293 . e ~—~_  /Top
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—

Precursor: m-xylene 2y #° 100 SpeCieS

Ho 06
ARO0875 0.5
2-methyl-2,3-epoxy-4-hydroxy-5- QA Ho
nitrooxy-6-keto-octanal. 04 4
Precursor: 3-ethyltoluene o oH
I 03 A
AR0686 0o
) o 7 0.2 A
2-methyl-2,3-epoxy-4-nitrooxy-5- 1 o
hydroxy-6-oxo-heptanal. o o 01
Precursor: 1,2,4-trimethylbenzene Il
0 0% o 00

AR0268 S o 0 3 6 9 12 15 18 21 24 27 30 33 36 39 42 45 48
2,3-epoxy-4-hydroxy-5-nitrooxy-6-oxo- K on

heptanal. . .
Precursor: m-xylene 0y Courtesy of Julia Lee-Taylor and Sasha Madronich





