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Table S1. An overview of the instrumentation and associated primary investigators for the organic aerosol and
trace gas observations used in this analysis.

Nitrogen oxides were measured using photolysis rates and NO/O3 chemiluminescence techniques (Ryerson et al.,
2000), carbon monoxide levels were measured using a Differential Absorption Carbon monOxide Measurement
(DACOM) instrument (Sachse et al., 1987) or a VUV resonance fluorescence approach (Gerbig et al., 1999),
isoprene concentrations were observed using a Proton Transfer Reaction Mass Spectrometer (de Gouw and
Warneke, 2007), a Trace Organic Gas Analyzer (Apel et al., 2010) or a whole air sampling approach (Colman et
al., 2001) and sulfate aerosol loadings were measured using an AMS.



Regime Description Percentage @ Mean  Median Std. Dev. Mean Mean Mean
g P of Dataset  OA oA 0A Isoprene NO, CO

A Dominant anthropogenic 38.8% 2.0 0.6 32 0.05 097 145
Influence

F Dominant pyrogenic Influence 7.3% 4.5 2.7 53 0.14 0.17 151

B Dominant biogenic Influence 4.0% 32 2.8 238 1.48 0.17 123

AF Anthropogenic and Pyrogenic 6.8% 3.8 16 5.0 0.05 081 160
Influence

AB Anthropogenic and Biogenic 14.1% 42 2.8 41 0.61 036 115
Influence

AFB No dominant influence from any |, o, 3.2 25 29 0.10 038 115
one source category.

R Remote / Clean (czoncentratlons 18.9% 01 01 03 0.05 0.08 71
under 0.2 pg / sm’)

Aggregate 24 0.7 3.7 0.26 056 126

Table S2. An overview of the different regimes. Statistics (mean, median, standard deviation) are listed for the
observational data categorized into the individual regimes. OA data is in units of pg sm™3. Mean observations for
isoprene, nitrogen oxides and carbon monoxide are in units of parts per billion (ppb).
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Figure S1. Superimposed distributions from the simple (blue) and complex (red) schemes with the observations
in black for the different campaigns. Vertical lines represent median values for the different distributions.
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Figure S2. Mean vertical profiles (in km) for the observed and simulated OA and sulfate across the different

regimes. The profiles are binned at 200m intervals. Observations are in black. For the OA, the complex scheme
is in red while the simple scheme is in blue. Model sulfate is in green.
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Figure S3. A comparison of the simulated OA loadings averaged by grid-box over the vertical dimension. Panel
(d) provides an overview of the column-averaged ‘best fit” scheme based on the ability to minimize the mean bias.
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Figure S4. Distribution in the ratio and bias between the observed and modelled organic aerosol concentrations
for each model scheme across the 17 campaigns. The boxes denote the 25" and 75™ percentile of the distribution,
while the whiskers denote the 5™ and 95™ percentile. The ratio plots have been overlaid with violin plots describing
the entire distribution.
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Figure S5. Comparison of complex (red), simple (blue) and observed (grey) organic aerosol to carbon monoxide.
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Figure S6. A comparison of model-observation OA bias and binned observations for a) relative humidity, b)
Temperature, c¢) Sulfate, d) Isoprene, e) CO and f) NOy for the complex (red) and simple (blue) schemes across
the aggregate dataset. The best fit line is shown in black.
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Figure S7. A statistical evaluation of the OA model skill for the complex and simple schemes against a modified
treatment that interchanges the POA and SOA from both schemes.
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