Reply to comments of Anonymous Referee # 1:
Original comments are in jtalic, replies in blue and proposed new text is in normal font.

This paper presents a series of sensitivity tests with varying volatility and emission parameters to
assess the performance of the CAMx model with VBS, regarding OA over Europe. The innovative
elements of this paper can be significantly enriched and this work could provide an useful insight into
the VBS approach. The first part of the paper is well-written but several issues emerge in the second
part. The aim of the paper stated in the introduction (OA model performance with the use of VBS) is
not served properly in the discussion section.

Thank you for your comments and suggestions to improve our manuscript. Our answers to questions
follow below:

General comments

1. The main part of the discussion is performed over the base case S3. | recommend changing the
base case to S1 and build S2 and S3 upon that. Emissions scenarios applied in section 3.3.2 could be
named S1a and S1b. The authors could skip the re-naming if the structure of the manuscript changes
to focus on OA performance with and without VBS. In that context the S1 (no VBS) to S3 (VBS)
sequence is proper in that it shows the improvement when utilizing volatility schemes (see Figure 7).

We changed the naming convention of the different scenarios throughout the manuscript as also
suggested by Referee 2. The new nomenclature follows below:

S1: NOVBS (without VBS, two-product organic aerosol scheme based on Strader, 1999)

S2: VBS_ROB (VBS organic scheme with volatility distribution proposed by Robinson et al., 2007)

S3: VBS_BC (Base case, VBS organic scheme with volatility distribution proposed by Tsimpidi et al.,
2010 and Shrivastava et al., 2011)

S4: VBS_BC_2xBVOC (Doubled biogenic emissions based on VBS_BC)

S5: VBS_BC_2xBBOA (Doubled biomass burning emissions based on VBS_BC)

2. The statistical analysis of the model performance could be enhanced by metrics that show the
evolution of a process. Time series and correlation could add to the manuscript.

We included correlation coefficients of all the species in Table 2 for all the investigated periods. In
addition, time series of NO, and SO, were shown as well (Fig. S1) and discussed in the reply to the
next comment (3).



Table 2. Model gas phase and PM, 5 performance for the EDIII field campaigns (based on VBS_BC).

Observed Modelled MB ME
mean mean MFB MFE
. Number of (ppb) (ppb)
Species X (ppb) ( ppb) [-] [-] r
sites 3 -3
(ug m~ for (ug m™~ for
(g m’ for (g m’for
PM ,5) PM ,5) PM ;) PM ;)
June 2006

Cco 36 192.0 158.0 -34.2 80.7 -0.12 0.36 0.20
NO, 320 4.1 2.3 -1.9 2.2 -0.54 0.68 0.55
O3 460 42.3 51.2 8.9 10.8 0.21 0.24 0.57
PM, 5 48 12.0 11.7 0.3 4.5 -0.07 039 055
SO, 263 1.0 1.2 0.2 0.7 0.14 0.67 0.52

Jan-Feb 2007
CcOo 45 248.0 191.0 -57.8 107.0 -0.11 0.37 0.21
NO, 337 6.5 4.4 -2.2 3.2 -0.28 0.57 0.68
(o 455 23.5 35.8 12.3 12.6 0.48 0.49 0.61
PM, 5 56 11.7 12.8 1.0 6.1 -0.04 0.56 0.69
SO, 271 1.3 1.7 0.4 1.1 0.36 0.75 0.46

Sep-Oct 2008
CcO 53 208.0 136.0 -72.0 914 -0.31 0.48 0.27
NO, 370 5.3 3.7 -1.7 2.5 -0.28 0.56 0.62
(o} 465 24.3 32,5 8.2 9.6 0.32 0.37 0.50
PM, 5 90 13.0 14.1 1.0 5.7 <0.01 0.46 0.76
SO, 256 0.9 1.1 0.2 0.8 0.25 0.74 0.37

Feb-Mar 2009
CO 57 262.0 170.0 -91.6 119.0 -0.26 0.48 0.37
NO, 380 6.0 3.9 -2.0 2.8 -0.33 0.56 0.61
O3 488 32.7 33.0 0.2 7.1 0.02 0.23 0.55
PM, 5 110 15.1 13.0 -2.1 6.4 -0.13 0.50 0.71
SO, 257 1.0 1.3 0.3 0.9 0.23 0.76 0.45




3. Figure 1 of supplemental material denotes several areas of poor performance like complex terrain
areas, coastal zones, Eastern Europe (specially of SO,) and heavily industrialized/populated areas.
The emissions are named as the culprit for the poor performance of the model regarding all gaseous
species but Os This leads to thoughts about the quality of the emission dataset and/or model
resolution. Either which, this has to be somehow elaborated on, because the limitations of the
emissions also affect the OA discussion and the overall aim of the paper. Other reasons could be
nitrates overestimation in the case of NO, (if the results shown in figure 5 can be generalized) and
insufficient conversion to sulfates in the case of SO, or even transport, wet and dry deposition of
aged aerosols

Thank you for this remark which was also stressed by Referee 2. We elaborate more on this in
section 3.1. We replaced Figure 1 of the supplemental material with daily average time series of NO,
and SO, for the period in Feb-Mar 2009 (below). Moreover we reported daily average time series of
NO, at stations not exceeding 5 ppb (~92% of the stations used in the top panel in Fig. S1) in order to
remove the influence of polluted areas and local events in the proximity of rural-background stations
which might be difficult to resolve (middle-panel in Fig. S1). The model performance improved
significantly giving more confidence regarding the emissions dataset, with the NO, concentration still
being under-predicted. We also included an emission map of NO for 1 March 2009 at 6 AM as an
example (Figure S2). The spatial distribution of emissions looks reasonable and in line with other
model exercises. High emissions of NO are predicted in the Benelux area, Po Valley, Germany and in
some of the eastern European countries. High NO emissions due to ship traffic are also visible
especially in the Mediterranean Sea. We added daily variations of modelled and measured SO,
concentrations as well (lower-panel) for all available stations. In general also the daily variation of
modeled and measured SO, concentrations agrees relatively well with each other with slight
overestimation during the day. We agree with the referee that insufficient conversion to sulfate or
too low deposition processes might indeed also explain the over-prediction of the SO,. Paragraph
3.1 was extensively revisited to include the discussion above for the investigated species.



NO2 Boxplot for February-March 2009. Number of Sites: 380

“1 @ Observations
O Model
124
104
E3EE
8
Z 64
4
2.
Feb25 = Feb28 | Mar03  Mar06 | Mar09 | Mari2 Mar1s | Mar 18 Mar21 | Mar24 |
0 NO2 Boxplot for February—-March 2009. Number of Sites: 351 (5 ppb threshold)
O Observations
o @ Model
—_— G.
e
8
Z 44
2]
Feb25 = Feb28 | Mar03  Mar06 | Mar09 | Mari2 Mar1s | Mar 18 Mar21 | Mar24 |
5 S02 Boxplot for February-March 2009. Number of Sites: 257
O Observations
. @ Model
3 ¥
=
8
2]
14

Feb 25 Fob 28 Mar03 | Mar06

—— T ——
Mar 09 Mar 12

Figure S1. Comparison of modelled (VBS_BC) (red) and measured (grey) NO, (upper panel) and SO,
(lower panel) concentrations at AirBase rural background sites (as in Table 2). The middle panel
shows the comparison at stations where NO, concentrations do not exceed 5ppb. The extent of the
bars indicates the 25th and 75th percentile. The black and red lines represent measured and
modelled medians, respectively.



4000

3500

3000

2500 =

2000 =

1500 H—H

1000

S00

¥ (DEG)

Figure S2. NO emissions in [mol/(h cell)] for 1 March 2009, at 6:00 AM

4. From the moment that the authors have discovered the reason for the ‘good’ performance of total
PM2.5 (overestimation of inorganic aerosol fraction and underestimation of the organic one) |
believe there is no merit in focusing on it in the discussion section (second paragraph of 3.1). This also
goes for the abstract and conclusions section.

We agree and revised Section 3 as well as the abstract and conclusions as reviewer suggested.
Paragraph 3.1 was extensively revisited by splitting it according to the different investigated species
and shortened by removing figure 4 and the analysis at the stations of Casirate D’Adda and Ayia
Marina.

5. The compensating effect (inorganic versus organic) has been confirmed for the period February -
March 2009. Can the authors provide some arguments on whether this model behavior is effective on
the other periods too and therefore affecting PM, s performance throughout the year?

We included an evaluation of nitrate, sulfate, ammonium and organics for all the 4 periods at the
rural station Payerne (Figure S4 below). There was a general tendency of overestimating the
inorganic aerosol fraction and underestimating the organics in all periods. The bias for OA was
approximately constant (~-60%) while the bias for SIA varied between 20% and 60%, being highest in
spring and in fall (where high ammonia emissions are expected) causing a compensation effect
during all the periods (difference of +20% to from June 2006 to February-March 2009. Figure S5).
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Figure S4. Comparison of observed (OBS) non-refractory PM; and modelled (MOD) PM,s
components at Payerne for all the investigated periods.
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Figure S5. Absolute and relative bias for organic aerosol (OA), secondary organic aerosol (SIA) and
OA+SIA in Payerne for all the investigated periods.

6. Paragraph 3.2 includes a discussion on the PM2.5 performance and sensitivity to ammonia and
NOx emissions, large parts of which can be seen in Aksoyoglu et al, 2011. Please consider omitting
parts or all of the analysis of paragraph 3.2 and redirect focus to the initial scope or include a
satisfactory analysis of the new elements it has to offer.

We revised the section 3.2 as also suggested by Referee 2. We removed the discussion regarding the
sources and annual distribution of NH; emissions as well as measured and modelled NH;
comparisons at the site of Payerne. The discussion part regarding the model sensitivity to NO, and

NH; emission in Europe was also removed.

7. The scope of the paper is to assess what VBS scheme has to offer to OA modelling. The relative
analysis is (very) limited to the small paragraph 3.3 (specifically only 3.3.1 since 3.3.2 is related to
emissions).



We thank the Referee for this remark. We originally kept this section short because more detailed
analysis of OA modeling with VBS is being prepared for a follow-up paper. We agree however with
the referee and add section 3.3.3 to the revised manuscript.

3.3.3 OA components in summer and winter

Comparisons of primary organic fraction and secondary organic fraction at the rural site of Payerne
during summer (June 2006) and winter (February-March 2009) periods are reported in Figure 10.
During the winter period the VBS scheme better reproduced the primary and secondary organic
aerosol components compared to the NOVBS case. In particular, For the VBS_ROB base case, total
OA concentrations were lower compared to the NOVBS case, consistent with the study of Woody et
al. (2016) where the same VBS scheme was applied to the US domain. The total OA concentrations in
the base case (VBS_BC) and in the scenario with increased biomass burning emissions
(VBS_BC_2xBBOA) were higher compared to NOVBS case, even though SOA and POA fractions were
not correctly reproduced. Higher contribution from the primary fraction during winter periods was
also predicted by the study of Koo et al. (2014) which deployed the same VBS scheme. Eventually,
this might indicate that biomass burning precursors might be missing in this study, or that the
oxidation pathways of primary organic material need to be improved in the model (up to 86% of the

reacted primary organic material is still allocated in the primary set as oxidation proceeds, directly
increasing the POA fraction).

Different behavior was observed for the summer period where the larger contribution of SOA to the
total OA retrieved from measurements is also reproduced by the model, even though the total OA
concentration was still underestimated. These results for summer are also in line with the study of
Koo et al. (2014) for summer periods in the US domain carrying the same VBS scheme.
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Figure 10. Relative (left) and absolute (right) contributions of predicted and measured POA and SOA
fractions to the total OA mass at Payerne for February-March 2009 winter period (upper-panel) and
June 2006 (lower-panel) and different model scenarios. NOVBS: (traditional non-volatile POA),
VBS_ROB (Robinson et al., 2007), VBS BC (Tsimpidi et al., 2010, Shrivastava et al., 2011),
VBS_BC_2xBVOC (increased biogenic emissions relative to VBS_BC), VBS_BC_2xBBOA (increased
biomass burning emissions relative to VBS_BC), Obs-Payerne: AMS-PMF.

Specific comments:
1. Definition of the statistical metrics can be put in appendix if needed. 2.
We agree and eliminated the formula in the main text.

2. Paragraph 3.1 needs splitting depending on the species. Also more discussion on the performance
is needed (now based only on MB and ME).

We revised the section 3.1 as also suggested by Referee 2. We split the paragraph according to the
species and added more discussion regarding model performance.

3. Figure 1 could be left out as it gives a schematic display of statistics already arithmetically
mentioned in Table 2 (column 3 and 4 - observed and modelled means).

We agree and removed Figure 1 from the manuscript.
4. Please specify the time period that Figure 5 refers to (in figure caption).
We modified the caption as the following:

Figure 3. Comparison of modelled PM, s (MOD) and observed non-refractory PM, (OBS) at 10 AMS
sites in Europe during February-March 2009. Mace Head is reported only in Table 3 since the
ammonium component is not available.

5. P35659 line 4. Please change ‘Cypro’ to ‘Cyprus’
We removed the sentence containing the word.

6. Please restructure paragraph 3.2 if considered necessary to be included in the manuscript. It is very
large and hard to follow.

We restructured the paragraph 3.2
7. Figure 6 Please increase the font (Axis, numbers)

We enlarged Figure in order to increase the readability.
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Figure 4. Comparison of observed and modelled nitrate, ammonium, sulfate and organic aerosol at

Payerne for March 2009.
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Reply to comments of Anonymous Referee # 2:
Original comments are in jtalic, replies in blue and proposed new text is in normal font.

The paper describes the application and evaluation of the CAMx model with the Volatility Basis Set
scheme used for formation of secondary organic aerosols. The study includes several sensitivity
simulations varying the volatility and emission parameters of the organic species. In-general, the
study goes along the same lines of several existing applications, some quoted by the authors in the
introduction. In that sense, | found little new or innovative pieces in the paper. From the other side,
such evaluation exercises are useful for collecting experience with the VBS approach. Till now, it falls
short of demonstrating a major breakthrough in the models performance as a reward for high
complexity and bulkiness.

The paper is comparatively well written except for the results section 3.

| however noticed a few omissions, some with potentially heavy consequences, which should be
brought up.

Thank you for your comments and suggestions to improve our manuscript. Our answers to questions
follow below:

General comments

1.The most-important omission is the analysis of the emission dataset. A potentially woeful problem,
for instance, is seen from Figure 8, the S1 scenario. The concentration map evidently reproduces the
emission distribution, which almost completely misses half of the countries. This is a major caveat of
the input dataset, which, if confirmed by the explicit emission analysis, would disqualify the whole
exercise: the authors would have to switch to another emission dataset.

Thank you for this remark. We improved the color scale as shown below in order to facilitate the
visualization of countries where low OA concentrations are predicted, e.g. over Germany, Spain and
UK. Emissions used in this study are based on the main European inventories TNO-MACC and EMEP
which are widely used in European modelling studies. Details of the construction of emission
inventory, improvements and uncertainties are discussed in Kuenen et al. (2014). We believe that
the emission inventory used in this study is the best available in Europe, however, one should bear in
mind its limitations. Using the same emission inventory, Bergstrom et al. (2012) showed that wood
burning emissions in Sweden were underestimated during winter as also suggested by our results in
this study.
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Figure 6. Predicted OA concentrations over Europe for the NOVBS, VBS_ROB and VBS_BC scenario in
February-March 2009. Note that the color scale was limited to a maximum of 4.8 ug m™ to facilitate
comparison of the panels.

2. From the other side, the authors fell to a frequent modeller’s trap of blaming emission for poor
model performance, often with thin supporting analysis. Some of these blames may be justified,
some may be not. For instance, | found it hard to believe the long discussion in p. 35657, where the
authors try to explain the strong systematic NO2 under-estimation — and blamed emission. | found an
alternative and much simpler potential explanation: nitrates are strongly over-estimated in most of
cases, which would probably make-up for the deficit and suggest problems in the model chemistry
rather than emission.

Thank you for this remark. We revised Section 3.1 to make it clear that there might be more than
one reason for the discrepancy between modeled and measured NO, concentrations. One of them is
the difficulty in reproducing the PBL height correctly as discussed in detail by Bessagnet et al. (2016).
On the other hand, although NO, emission estimates in Europe are thought to have an uncertainty of
about + 20%, the complete data set used in the inventories has much higher uncertainty (Kuenen et
al., 2014). A recent study identified a significant discrepancy between emission estimates and actual
flux measurements, with the highest underestimation being a factor of two in central London mainly
due to under-representation of real world road traffic emissions (Vaughan et al., 2016). Most of the
models within the EURODELTA Il exercise underestimated NO, concentrations during the modeled
periods (Bessagnet et al., 2016) especially during day time. The referee’s potential explanation as
over-estimated nitrate making up the deficit for NO, might certainly be a sound one. In addition to
uncertainties in NO, emissions, there might also be too much HNO; in the model due to not enough
deposition. Wet deposition of oxidized nitrogen was underestimated supporting the hypothesis of
insufficient deposition leading to overestimation of nitrate.



We added daily average time series of NO, for the period of Feb-Mar 2009 for the stations used in
Table2 (Figure S1, below). Moreover we reported daily average time series of NO, at stations not
exceeding 5 ppb (92% of the stations used in the top panel) in order to remove the influence of
polluted areas in the proximity of rural-background stations that might be difficult to resolve (middle
panel in Fig. S1). The model performance improved significantly giving more confidence regarding
the emissions. One should also bear in mind that measurements might have interferences from
other oxidized nitrogen compounds leading to too high NO, concentrations (Villena et al., 2012). We
also included emission map of NO for 1 March 2009 at 6 AM as an example (Figure S2). Spatial
distribution of emissions looks reasonable and in line with other model exercises. High emission of
NO are predicted in the Benelux area, Po Valley, Germany and in some of the eastern European
countries. High NO emissions due to ship traffic are also visible especially in the Mediterranean Sea.
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Figure S1. Comparison of modelled (red) and measured (grey) NO, and SO, concentrations at AirBase
rural background sites and station not exceeding 5ppb of NO, concentration (central panel). The
extent of the bars indicates the 25th and 75th percentile. The black and red lines are observed and
modelled median, respectively. Based on base case (VBS_BC).



4000

3500

3000

2500 =

2000 =

1500 H—H

1000

S00

¥ (DEG)

Figure S2. NO emissions in [mol/(h cell)] for 1 March 2009, at 6:00 AM

3. Another weakly presented component is the comparison with other studies. The TNO-MACC
emission, EURODELTA, EUCAARI and Airbase archives are usual sources of information for numerous
model exercises, not to mention MACC project itself, which covered the considered period with the
ensemble of seven models and performed a detailed evaluation against the same Airbase. Numerical
results and model scores are available. How does CAMx compare to these? In a couple of places, the
authors mention conclusions of other studies but it has to be in a numerical form and made much
more systematic.

It is true that comparison with other models was not emphasized strongly in the manuscript. This is
because a very detailed evaluation of several models including CAMx for the same periods within
EURODELTA Il exercise is already available (Bessagnet et al., 2016). We agree, however with the
referee’s comment and added some more information in the revised manuscript.

Evaluation of the EURODELTA Ill model inter-comparison exercise showed that all models performed
similarly for NO, in terms of correlation with values in the range 0.6-0.7, and the spatial correlation
was much higher in the range 0.7-0.9 for all models (Bessagnet et al., 2016). There was a general
underestimation in the afternoon. Additional analyses showed that NO, concentrations within the
Paris area were well reproduced by CAMx showing a bias lower than 2 ppb, corresponding to less
than 20% of the observed median concentration (Fig. 19 in Bessagnet et al., 2016). At the Po valley
sites, on the other hand, NO, values were systematically underestimated. These analyses suggest
that local emission sources and meteorological conditions such as reconstruction of the PBL diurnal
cycle strongly influence NO, performance.

4. Among smaller things, | am missing the time correlation coefficient in the list of parameters. It is
not only the absolute level that is to be verified, the expensive and complicated VBS mechanism is
supposed to deliver better representation of the processes, thus improving the patterns and their
evolution. The temporal correlation coefficient is arguably the best parameter to reflect it. Fractional
error is good but less straightforward and intuitive parameter, also affected by bias.



We included correlation of determination for the three scenarios (NOVBS, VBS_ROB, VBS BC) in
Figure 5 caption excluding the elevated sites of Puy de Dome and Montseny. R? values are improved
when the VBS approach is taken into account (VBS_ROB and VBS_BC) with respect to the non-
volatile organic scheme (NOVBS). The values are reported in the caption of Figure 5:

Figure 5. OA daily average scatter plots for S1, S2 and S3 scenarios for February-March 2009 for
stations in Table 3. Solid lines indicate the 1:1 line. Dotted lines are the 1:2 and 2:1 lines. Boxplots
indicate medians, 5th, 25th, 75th and 95th quantiles for observations (black) and sensitivity tests
(red). The crosses represent the arithmetic means. R’ is 0.55 for NOVBS, 0.64 for VBS_ROB and 0.59
for VBS_BC.

5. The naming convention is confusing. The base case is usually number one, from which the
sensitivity cases are made. It may look like a small thing but while reading | had to again and again
remind myself that S3 is, in fact, the base case.

We changed the naming convention of the different scenarios throughout the manuscript as also
suggested by Referee 1. The new nomenclature follows below:

S1: NOVBS (without VBS, two-product organic aerosol scheme based on Strader, 1999)

S2: VBS_ROB (VBS organic scheme with volatility distribution proposed by Robinson et al., 2007)

S3: VBS_BC (Base case, VBS organic scheme with volatility distribution proposed by Tsimpidi et al.,
2010 and Shrivastava et al., 2011)

S4: VBS_BC_2xBVOC (Double biogenic emission based on VBS_BC)

S5: VBS_BC_2xBBOA (Double biomass burning emission based on VBS_BC)

6. Section 3 is the problematic one from the presentation standpoint. The text is not structured,
subsections are routinely comprised of just one huge paragraph without much logic. | would strongly
recommend heavy editing of this section.

We agree and revised Section 3.
Specific comments

1. The title does not reflect the paper content. This is the model evaluation exercise, not the AQ
assessment.

We changed the title of the paper to read:
Evaluation of European air quality by CAMx including the volatility basis set scheme

2. p. 35647, 1.15. | found it strange to praise the model for PM2.5 score, which, as shown already in
the next lines, is a result of error compensation (1.20).

We changed the sentence to the following:

CAMXx reproduced both total concentrations and monthly variations of measured PM2.5 for all the
four periods with average biases ranging from 2.1 to 1.0 ugm™



3. p. 35648, 1.1-3. No, it does not. The only piece shown is that the model appeared sensitive to
scaling of the biogenic emission fluxes in one case and anthropogenic in another. The residential
combustion is a hypothesis of the authors not directly supported by the study. It still sounds plausible
and can be brought up in discussion but not in the abstract and not in the so categorical form.

Thanks for this remark. We will change the text p. 35647, 1.15 of the paper to the following:

Further sensitivity tests with increased biogenic and anthropogenic emissions suggest that OA
concentrations in Payerne were affected by changes in emissions from residential heating during the
period of February—March 2009 whereas they were more sensitive to biogenic emissions in June
2006.

Moreover, the hypothesis of high contribution to OA from residential combustion in winter is
supported by a recent modelling study performed in Europe by Denier van der Gon et al., 2015 for
the same winter period (February-March 2009). In this study, an improved inventory with higher
emissions from residential combustion by a factor of 2-3 compared to previously used inventories
(EUCAARI) was tested in two CTMs with the VBS scheme (PMCAMx and EMEP). Authors concluded
that the model performance for OA was improved when using the revisited wood burning emission
inventory (Denier van der Gon et al., 2015. Figure8).

4. P. 35651, 1.12-13. | did not understand: were the CAMx levels the same as the ones of IFS or not? If
they were different, | would challenge the idea of neglecting the interpolation from the IFS levels. The
issue should be clarified and explanations provided.

CAMXx levels were the same as the ones in IFS. We modified the sentence as follows:

CAMXx simulations used 33 terrain-following o- levels up to about 8000 m a.g.l. as in the original IFS
data

5. P. 35652- 35653. The emission discussion is unstructured and difficult to comprehend. Splitting the
paragraphs to “main” species available from TNO-MACC, biogenics, etc, would help.

We agree and we split the paragraphs as suggested by the referee.

6. P.35652, 1.14-17. How was the split made? As follows from the rest of the paper, amount of
organic matter is one of the primary parameters of the study. This vague sentence is part of the
most-important weakness of the paper mentioned above: the emission dataset is not analyzed and,
as follows from this sentence, is not even presented properly.

Thanks for this remark. We added the following sentence to the manuscript:

PM, s and PM,, emissions were provided by EMEP and they were split to Elemental Carbon and
Organic Matter using the fractions given by IIASA (International Institute for Applied Systems
Analysis) per each source and country.

7. P.35653, [.1-10. | did not understand: did the authors run MEGAN themselves, including
preparation of the land use specifications, emission factors, etc? From the text it seems so (“were
prepared for this study”) but then, what was wrong in the native MEGAN setup? And how the



changes suggested in this study modified/improved its performance? Did the authors make this
analysis?

We regret the misunderstanding concerning biogenic emission calculations. We used the MEGAN
model without any change of the model itself. The data needed to run the model (emission factors
of relevant vegetation for our model domain) were retrieved from the MEGAN website
(http://lar.wsu.edu/megan/), from MODIS satellite data (leaf area index, LAI) and adapted to the
model domain resolution. The same meteorological variables as for CAMx simulations were used to
run MEGAN.

8. P. 35654, 1.4. “Further aging” from what stage? And why was the ageing stopped? Just because
then the model over-estimates the SOA, as stated in the paper? But this cannot be the reason, it is
artificial and model-dependent. Is there any physical/chemical ground or hypothesis?

Further reactions of gas-phase products from the first oxidation of biogenic and biomass burning
precursors were not considered in the original version of the CAMx-VBS model because of some
studies showing over-prediction of SOA especially in rural-areas due to ageing of biogenic SOA (Lane
et al., 2008 and Murphy and Pandis, 2009). In this study our aim is to validate the original CAMx-VBS
model and compare the results with previous studies performed in North America sharing the same
setup (Koo et al., 2014). We will include and investigate the effect of ageing of BSOA in a follow-up
study.

9. P. 35655, Statistical methods. These formulas are from textbook. One can put them to appendix
for the sake of completeness but this sub-section definitely should be eliminated from the main

paper.
We agree and we eliminated the formulas from the main text.

10. P. 35656- 35658. Almost two pages of plain unstructured text, all in one (!) paragraph. | tried
several times and still had problems in pushing myself through it.

Paragraph 3.1 was extensively revisited by splitting it according to the different investigated species
and shortened as also suggested by Referee 1.

11. P. 35656- 35658. It also looks like the authors do not really pay attention to the physical and
statistical meaning of the metrics used. As said in the general comments, mean error is heavily
controlled by bias when the latter is large. An independent quantity would be correlation coefficient.

We added correlation coefficients in Table 2 and revised the paragraph, as also suggested by Referee
1.

12. P. 35659, 1.13. Another praising the model for meeting totals by a mere error compensation. Not
sure if this is a big achievement.

We could not find the above comment in the text. We will change the text p. 35659, 1.16 to .18 of
the paper to the following:

The modelled average total non-refractory PM2.5 (sum of nitrate, sulfate, ammonium and OA)
concentrations match the measurements with a few exceptions (Fig. 5 and Table 3).


http://lar.wsu.edu/megan/

13. P. 35659 — 35661. .. and another 2.5 pages in a single-paragraph of unstructured text.
We modified and shorten the Section 3.2 as also suggested by Referee 1.

14. P. 35665, 1.20. . . .and again “total PM2.5 was modelled very well”, for a change without a
reference to error compensation. | have strong difficulties with such presentation style.

We revised that part in the Conclusions by merging points 1 and 3 together as shown below:

Although total PM, s mass concentrations and its variations were well reproduced by the model in all
four periods, comparisons with AMS measurements for the February—March 2009 period revealed
that the good agreement between model and measurements was most of the time due to
overestimation of the inorganic fraction, especially NO3~, and underestimation of OA. Sensitivity
tests with reduced NH; emissions generally reduced the positive bias in NO; suggesting potential
uncertainties in NH; emissions and their seasonal variability.

15. Figure 6: what panels are for what parameter? The axis font is much too small to figure it out.

We increased the fonts.
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Figure 4. Comparison of observed and modelled nitrate, ammonium, sulfate and organic aerosol at
Payerne for March 2009.
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Abstract

Four periods of EMEP (European Monitoring and Es&bn Programme) intensive
measurement campaigns (June 2006, January 200&n8eg-October 2008 and February-
March 2009) were modelled using the regional aalitpymodel CAMx with VBS (Volatility
Basis Set) approach for the first time in Europthimithe framework of the EURODELTA-

[l model intercomparison exercise. More detailedalgsis and sensitivity tests were
performed for the period of February-March 2009 ahthe 2006 to investigate the
uncertainties in emissions as well as to improwe iodelling of organic aerosols (OA).
Model performance for selected gas phase specidsPahs was evaluated using the
European air quality database Airbase. Sulfur diexiSQ) and ozone (g) were found to be
overestimated for all the four periods with I@aving the largest mean bias during June 2006
and January-February 2007 periods $8®b and 123 ppb mean biases, respectively). In
contrast, nitrogen dioxide (Nand carbon monoxide (CO) were found to be undenatd

for all the four periods. CAMx reproduced bothalatoncentrations and monthly variations
of PM, s very-weltfor all the four periods with average biases ragdiom -2.8 pg m* to
1.04 pg mi°. Comparisons with AMS afrerosol mMass sSpectrometer) measurements at
different sites in Europe during February-March 26fhowed that in general the model over-
predicts the inorganic aerosol fraction and undetigts the organic one, such that the good
agreement for Plkis partly due to compensation of errors. The effgicthe choice of
volatility basis set scheme (VBS) on OA was invgetied as well. Two sensitivity tests with
volatility distributions based on previous chamlaerd ambient measurements data were
performed. For February-March 2009 the chamber-padeced the total OA concentrations
by about 43% on average. On the other hand, abtestd on ambient measurement data
increased OA concentrations by about 47% for theesgeriod bringing model and
observations into better agreement. Comparison thithAMS data at the rural Swiss site
Payerne in June 2006 shows no significant improvente modelled OA concentration.
Further sensitivity tests with increased biogemid anthropogenic emissions suggest that OA
in Payernewas—largelywere affectedeminatedby changes in emissions fronesidential
heating-emissierguring the February-March 20@ghereas it was more sensitive-te—period
ane-bybiogenic precursors in June 2006.
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1 Introduction

Air pollution is known to cause damage to humarithegegetation and ecosystems. It is one
of the main environmental causes of premature deéaty in Europe, more than 400,000
premature deaths were estimated in 2011 with, Pparticles less than 2.m in
aerodynamic diameter) having the highest relatiske for health damage (WHO, 2014a). Air
quality models help understanding the processeagglace between emission sources and
pollutant concentrations at receptor sites. Theyvary useful to define control strategies for
future legislation. In spite of large improvemeintsecent years, Chemical Transport Models
(CTMs) have still some uncertainties (Solazzo et 2012a). Various air quality model
intercomparison exercises were successfully cawigdover the last decades to determine
uncertainties in chemical and physical processegerging particulate matter and its
precursors (Solazzo et al., 2012a; Bessagnet ,eP@14). However, a large variability in
particulate matter concentrations was found betweifierent models indicating process
parameterization as one of the main reasons fdr discrepancies. Moreover, recent studies
based on AMS (Aerosol Mass Spectrometer) measuttsnandifferent sites in Europe,
revealed that the organic fraction dominates the-nefractory PM composition (Crippa et
al., 2014). Organic aerosol (OA) can be found ia #imosphere from direct emission by
various sources, such as fossil fuel combustiomoayg vehicle engines or residential wood
combustion. Direct emissions of OA are typicallfereed to as primary organic aerosol
(POA) whereas gas-to-particle conversion is refetoeas secondary organic aerosol (SOA).
Formation mechanisms of SOAs are not very well kmowt and their representation in
CTMs is still challenging (Hallquist et al. 2009puntoukis et al., 2011; Bergstrom et al.,
2012; Li et al., 2013; Langmann et al., 2014; Tddia et al., 2014). In one of our recent
aerosol modelling studies we compared model , PMprediction with PM AMS
measurements for different sites (Payerne and Eliaad periods (summer and winter) in
Switzerland. We found that particulate matter wasegally well reproduced by the model
with the SOA fraction being under-predicted and POver-predicted (Aksoyoglu et al.,
2011). Traditional CTMs treat POA as non-volatfi®me studies however have revealed the
semi-volatile nature of POA, through its dynamiaiéigrium of organic aerosol with its gas
phase, and the importance of semi-volatile (SVO@G) antermediate volatility (IVOC)
organic compounds as SOA precursors (Donahue,2Q6; Robinson et al., 2007; Cappa
and Jimenez, 2010). To describe the absorptivatipamhg and ongoing oxidation of the

atmospheric material, a volatility basis set (VB®)ere organic species are organized into
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surrogates according to their volatility was depeld (Donahue et al., 2011, 2012a,b). Air
quality models updated with VBS scheme starteddoased (Lane et al., 2008; Murphy and
Pandis, 2009; Hodzic et al., 2010; Fountoukis ¢t24111; Bergstrom et al., 2012; Murphy et
al., 2012; Jo et al., 2013; Zhang et al., 2013;aAdsopoulou et al., 2013; Fountoukis et al.,
2014). Bergstrom et al. (2012) reported an EMEPehstlidy over Europe for the 2002-2007
period using different assumptions regarding parihg and aging processes. They could not
reproduce the measured OA levels in winter sugggdtiat residential wood combustion
inventories might be underestimated in differenttpaf Europe. Fountoukis et al. (2014)
applied the PMCAMx model to simulate EUCAARI (Kultazet al., 2009, 2011) and EMEP
(Tarseth et al., 2012) campaigns in Europe. Theydceproduce most of PMlaily average
OA observations within a factor of two, with thebiFgary-March 2009 period having the
largest discrepancies. Zhang et al. (2013) deplaped CHIMERE model with the VBS
framework during the MEGAPOLI summer campaign ie tBreater Paris region for July
2009. They found a considerable improvement inipted SOA concentrations which might
be even overestimated depending on the emissi@niary used. In our study, we applied
the regional air quality model CAMx with the VBSh&ne for the first time in Europe within
the framework of EURODELTA-III model intercomparis@xercise. In addition to the base
case configuration used in the exercise, more théhsiests with the VBS scheme for winter
and summer episodes were performed together wifhnaral evaluation of the four EMEP

field measurement campaigns.

2 Method

2.1 The EURODELTA-III exercise

The EURODELTA-III (EDIII) framework is a Europeanatiel intercomparison exercise
between several modelling teams sharing both sffand technical knowledge in order to
reduce model uncertainties and to improve undedsigrof the performances. It contributes
to the scientific work of the United Nations EcorionCommission for Europe (UNECE)

Task Force on Measurement and Modelling (TFMM) imitthe Convention on Long-range
Transboundary Air Pollution (CLRTAP). In the fighase of the EDIII exercise, 4 periods of
the EMEP field measurement campaigns were choserter to evaluate the model results:

e 1 June—30 June 2006
e 8 January — 4 February 2007
» 17 September — 15 October 2008



126

127
128
129
130

131

132

133

134
135
136
137
138
139
140
141
142
143
144
145
146
147
148
149
150
151
152
153
154
155
156

e 25 February — 26 March 2009

Multiple models were applied on a common domain driden with the same input data
provided by the National Institute for Industriah\BEronment and Risks (INERIS). However,
for some models, different meteorology, boundarpditions and emissions data such as

biogenic emissions were used (Bessagnet et al4)201

2.2 Modelling method

2.2.1 CAMx

The Comprehensive Air quality Model with extensioi@AMx-VBS (CAMx5.41_VBS,
kindly provided by ENVIRON before its public relegswvas used in this study. The model
domain consisted of one grid with a horizontal hetson of 0.25° x 0.25°. The latitude and
longitude grid extended from 25.125°W to 45.125M8 29.875°N to 70.125°N resulting in
281 x 161 grid cells covering the whole of Eurobeurly four-dimensional meteorological
fields for wind speed and direction, pressure, tmapre, specific humidity, cloud cover and
rain required by CAMx simulations were calculateoni ECMWF IFS (Integrated Forecast
System) data at 0.2° resolution. Vertical diffuivioefficients were estimated following the
Kz approach of O'Brien (1970) using PBL depth pesfias available in IFS data. CAMXx
simulations used 33 terrain-followinglevels up to about 8000 m above ground lggelin

the original IFS data—Ne-vertical-interpolatiohtbe-original l-S-data—was-performethe

lowest layer was about 20 m thick. MACC (Monitoridgmospheric Composition and

Climate) reanalysis data were used to initializéigdhand the boundary condition fields
(Benedetti et al., 2009; Inness et al., 2013). Eleta carbon, organic aerosol, dust and
sulfate were used to model aerosol species atdhadaries of the domain. One half of the
OA was assumed to be secondary organic aerosol Y&@d\the other half primary organic
aerosol (POA), as recommended in the EDIII exeréi$mtolysis rate inputs were calculated
using the TUV radiative transfer and photolysis eloMadronich, 2002). The required
ozone column densities to determine the spatiatt@amgporal variation of the photolysis rates
were extracted from TOMS data (NASA/GSFC, 2005)mBeal processes as dry and wet
deposition were simulated using the Zhang resistanodel (Zhang et al., 2003) and a
scavenging model approach for both gases and dgi@eVIRON, 2011), respectively. For
the gas phase chemistry the Carbon Bond (CBO05) amésn (Yarwood et al., 2005) with 156
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reactions and up to 89 species was used. Partigjoni inorganic aerosols (sulfate, nitrate,
ammonium, sodium and chloride) was performed usimg ISORROPIA thermodynamic
model (Nenes et al., 1998). Aqueous sulfate anchteitformation in cloud water was

simulated as well using the RADM aqueous chemlygrithm (Chang et al., 1987).

2.2.2 Emissions

Anthropogenic emissions

Annual total gridded anthropogenic emissions weepared and provided by INERIS for the
EDIII exercise, which is based on a merging procéstata-bases from different sources, i.e.
TNO-MACC (Kuenen et al., 2011), EMEP (Vestreng let2007), GAINS (The Greenhouse
Gas and Air Pollution Interactions and Synergi€sy. specific countries where TNO-MACC
emissions were missing (Iceland, Liechtenstein tdahd Asian countries), the EMEP 0.5° x
0.5° emissions were used and re-gridded using adequoxies such as “artificial land-use”
and EPER (European Pollutant Emission Registery dhttp://www.eea.europa.eu/) for
industries. Total primary particle emissions weradm available by EMEP in two different
size ranges: below 2.5um (fine) and between 2.5panl@um (coarse). Total emissions were
later split to estimate the amount of elementabaar and organic matter for each of the 10
SNAP codes (Selected Nomenclature for Air Pollgtiamd country. The final emission
inventory thus compiled consisted of 6 gas spea@siely methane, carbon monoxide,
ammonia, sulfur oxides, non-methane volatile orgaoimpounds and nitrogen oxides and 6
categories of particulate matter classes: finenefgal carbon (EC2.5), coarse elemental
carbon (EC10), fine primary organic material (fR®A), coarse primary organic material
(coarse POA), fine other primary particulate mate¢hon-carbonaceous) and coarse other

primary particulate material (non-carbonaceoB$), s and PM, emissions were provided by

EMEP and they were split to elemental carbon agdmic matter using the fractions given by

IIASA (International Institute for Applied Systenfnalysis) for each source and country.

Total non-methane volatile organic compounds wpti for the CB05 mechanism using the
recommendations of Passant (2002). Hourly, weeklg monthly time profiles as in the

EURODELTAII exercise were applied to total annuatheopogenic emissions.
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Biogenic emissions

Biogenic VOC emissions were calculated using thed®oof Emissions of Gases and
Aerosols from Nature MEGANv2.1 (Guenther et al..120 This model is driven by
meteorological variables such as hourly temperasotr radiation, humidity, wind speed,
soil moisture and land cover data including leafaaindex (LAI) and plant function type
(PFT) as available in the Community Land Model 8@ays average satellite data at 0.25° x
0.25° resolution were pre-processed and made alaifeom the TERRA/MODIS satellite
system. Sixteen plant function types including hedelved evergreen, needle-leaved
deciduous, broad-leaved evergreen, broad-leaveiludrcs, grass and crop for different
climatic zones were prepared for this study at 0x28.25° resolution together with the global
emission factors ofi-pinene,p-pinene, 3-carene, isoprene, limonene, 232-methsiml,
myrcene, N@, t-f-ocimene and sabinene. Common BVOC species suGorene, terpene,

sesquiterpene, xylene and toluene were obtaineelfn hour and cell in the domain.

2.2.3 VBS scheme

A new volatility basis set (VBS) scheme is avaialni the CAMx model to describe changes
in oxidation state and volatility. A total of folmasis set simulates the evolution of organic
aerosol in the atmosphere (Koo et al., 2014). P@Assions were split in HOA-like and
BBOA-like emissions and allocated in two differdiatsis sets. HOA-like emissions include
emissions from all SNAP sectors except SNAP2 (molustrial combustion plants) and
SNAP10 (agriculture) which were assigned to BBO#&liemissions. Two other sets were
used in the model to allocate secondary organigsatfrom anthropogenic (i.e. xylene and
toluene) (ASOA) and biogenic (i.e. isoprene, mormeee and sesquiterpene) (BSOA)
gaseous precursors. These two sets also allocadation products of POA vapours, from
each of the two primary sets (HOA-like and BBOA€ljkThe 2D volatility space retrieved by
Donahue et al. (2011; 2012a,b) was used to distrithe organic molecular structures for
each of the volatility bins and different sets (lea§1). Five volatility bins represent the range
of semi-volatile organic compounds (SVOCs) rangiram 10 pg m® to 1¢ pg m* in
saturation concentrations (C*). Oxidation processesmodelled by shifting C* by a factor of
10 in the next lower volatility bin, increasing tlegidation state and reducing the carbon
number to account for fragmentation. OH reactiolesare assumed to be 4 x'i@n?
moleculé' s* for the reaction of semi-volatile primary vaporihwOH and 2 x 108" for

further aging of ASOA and POA vapours from HOA-ligeissions. More details about the
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VBS parameterization in CAMx can be found in Koakt(2014). Further aging of BSOA is
not considered in this study based on previous ftindeesults showing over-prediction of
OA when such process is taken into account (Larad.e2008; Murphy and Pandis, 2009).
This implies that also further aging of POA vapofnieam BBOA-like emissions was not
considered since it is performed in the same Iszdidn this work we focus on the effects of a
VBS framework on the total OA fraction. Aging preses and alternative VBS
implementations will be discussed together with S&& POA components in a following
paper (Ciarelli et al. in prep). Three sensitivitysts were performed with different

assumptions on the volatility distributions (Tah)e

 SINOVBS: Primary organic aerosol was assumed to be nonieoldBiogenic
(isoprene, monoterpenes and sesquiterpenes) ahbpogenic (xylene, toluene and
other aromatics) volatile organic compounds (VO@Ggre used as precursors for
secondary organic aerosol. Partitioning of condelesgases to secondary organic
aerosol was calculated using a semi-volatile doyiilim approach (Strader, 1999).

» S2VBS ROB: Primary organic aerosol was assumed to be volatié undergo
chemical oxidation. The volatility distribution e@stted by Robinson et al. (2007) was
applied to HOA-like and BBOA-like emissions. Emims$ of intermediate volatility
organic compounds (IVOCs) were assumed to be méstithose of primary organic

aerosol (POA) as suggested by Robinson et al. {2007

e S3VBS BC: Primary organic aerosol was assumed to be volaild undergo
chemical oxidation using the approach of Shrivastatval. (2011) and Tsimpidi et al.
(2010). The total primary emissions are roughlyn&s higher than i®2VBS ROB.
Different volatility distributions were applied fadOA and BBOA-like emissions.
IVOCs were assumed to be 1.5 times the amount &. AQis implies that for this
scenario the SVOC + IVOC mass added is equal tdimés the initial amount of
POA. This represents the base case scenario usedatoate gas phase and PM

model performance.

Based on th&3VBS BC -base case scenario, two other sensitivity teste werformed with

respect to emissions:

e S4VBS BC 2xBVOC: Increased BVOCs emissions by a factor of 2.

e S5VBS BC 2xBBOA: Increased BBOA-like emissions by a factor of 2.
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2.3 Statistical methods

Statistical procedures as available in the Atmodgphdodel Evaluation Tool (AMET, Apple
et al., 2010) were used in this study to evaluatdeh performance. Daily ambient
measurements of main gas phase species §,eN@, CO, SQ and fine particulate matter
(PM. 5 were extracted from the Airbase database in Eueom statistics reported in terms of
mean bias (MB), mean error (ME), mean fractionalsb{MFB) and-mean fractional error

(MFE)_and correlation coefficient (¥).:

peints-Due to the coarse grid resolution, only rural-baokigd stations, defined as stations
far from city sources of air pollution with polloti levels determined by the integrated
contribution from all sources upwind of the stati@T C/ACC, 2004/7), with at least 80%
daily average observations available were consitfenethe statistical analysis. For RMhis
resuleds in 48 stations available for June 2006, 56 forudayFebruary 2007, 90 for
September-October 2008 and 110 stations for FeppiMarch 2009. PMscomponents were
further evaluated for the February-March 2009 pkmdere comprehensive high resolution
AMS measurements at 11 European sites were awilald., at Barcelona, Cabauw,
Chilbolton, Helsinki, Hyytidla, Mace Head, Melpitkjontseny, Payerne, Puy de D6me and
Vavihill (Crippa et al., 2014).
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3 Results and discussions

3.1 Model evaluation

Model performance metrics for gas phase speciesNED, O; and SQ as well as for PMs
are reported ifrig-andTable 2 and they refer to the base ¢éBE& BCS3

NO, and Os

2004)-and-also-undergo-plume rise—On-the-othed N, and-CO-werewasound to be

under-predicted for all the four periods with mé@attional bias between -54% and -28%
NO,—anhd—31%and—-11%forCO. ardO, concentrations—wasbeinparticularly under-

predicted during June 200&hereas-CO-had-the-largest-bias-during-the-SepteGitieber
2008—simulation-_Evaluation of the EURODELTA 1l whal inter-comparison exercise
showed that all models performed similarly for Ni® terms of correlation with values in

the range 0.6-0.7 and the spatial correlation washnhigher in the range 0.7-0.9 for all

models (Bessagnet et al., 2016) with a generalrestimation in the afternooifhe urder-
predictioninN O, coneentrations performanceuld be influenced veral factors:

- _Uncertainties in the emission inventories. AltholdB, emission estimates in Europe

are thought to have an uncertainty of about + 20#,complete data set used in the

inventories has much higher uncertainty (Kuenenalet 2014). A recent study

identified a_significant discrepancy between emissestimates and actual flux

measurements, with the highest underestimationgbairfactor of two in central

London mainly due to under-representation of reakldv road traffic emissions
(Vaughan et al., 2016)
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- tThe relatively coarse resolution of the domain whmhy result in too low NO

emissionsor isolated local events that the model cannoblves We report daily

average time series of N@or the period of Feb-Mar 2009 for stations in [eaB as

well as daily average time series of N@r stations not exceeding 5 ppb (which

represents 92% of the stations in Table 2) (Figit® The model performance for

NO;, significantly improved when the 5 ppb thresholdsvesmplied to the dataset. An
emission map of NO for 1 March 2009 at 6 AM is meéed in Figure S2. High

emissions of NO are predicted in the Benelux apeaYalley, Germany and in some

of the eastern European countries. High NO emissiue to ship traffic are also

visible especially in the Mediterranean Sea

- Possible positive artefacts in the chemilumineseanethods for measuring N@ay
also occur when NDis catalytically converted to NO on the molybdenauface
leading to an over-prediction of measured ;NfOncentrations (Steinbacher et al.,

2007 Villena et al., 201

- __Moreover, an evaluation of planetary boundary lay&ght (PBLH) within the EDIII
shows that although the PBLH was quite well repreegkin general in the ECMWF
IFS meteorological fields, CAMx tends to under+estie the night-time minima and

to over-estimate some daytime peatser-predicting the dilution of day time NO

concentrationswhereas the wind speed was relatively well repredu@essagnet et
al., 2016).

O3 concentrations were found to be over-predicted dibrthe four periods with a mean

fractional bias ranging from 2% to 48%. EspeciatlyJune 2006, when the photochemical

activity is higher, the general under-predictionNsd, in the whole domain reduces thg O

titration potential during night time.

Model performance for ©is also strongly influenced by long-range transpespecially
during the winter periods when the local chemicaddpction of Q is limited. MACC
Nalvcic A _ ) _ ° wware ed-indghidy-to-map-Qfour-dimensional-data-at
the-boundary—of-the-doemaifrigure 382 shows the model performance at the Mace Head
station located on the west coast of Ireland fotte four periods. Especially in January-

February 2007 ©concentrations were found to be over-predicted tbyut 10 to 20 ppb
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indicating that boundary conditions for @ere probably not well represented. In June 2006
and September-October 2008 Was relatively well captured at Mace Head sugggdiiiat

the observed positive bias iy @ncentrations might arise from insufficient Némissions to
undergo titration during night time as well as wotrectly represented planetary boundary
layer dynamics. In February-March 2009 the modeids$e to under-predict the 30
concentration at Mace Head and overall then®@del performance shows the lowest bias
(2%). Eventually, the under-prediction o @ the boundary condition may counteract the
already mentioned deficiencies related to inswdfiti NQ, emissions.Evaluation—of-Q

V/a alda Q 1on 'a ad-ne aValli) e Tl 'a ne-gdom N aValViVlkda a\¥/a¥a ugh

SO, and CO

SO, concentrations were found to be slightly over-presti for all the four periods with a

mean fractional bias ranging from 14% to 36% for, I@e daily variations of modelled and

measured SOconcentrations for February-March 2009 are repods well in Figure S1

(lower-panel) for the stations in Table 2. In gexethe daily variations of modelled and

measured S@concentrations agree relatively well with eacheotiiroughout the period.

Most of the S@emissions arise from high stack point sources whale injection heights of

a few hundred meters. It might be that the vertfistribution of SQ might affect the model

performance in particular near the harbors andtabaseas where ship emissions were

allocated in the second layer of the model domextehding from ~20 to 50 m above ground

level) whereas they can reach up to 58 meters ép digaft vessels (SCG, 2004) and also

undergo plume rise. Insufficient conversion to atdfor too low deposition processes might

also positively bias the model performance fop.SO

Finalhy,-CO was slightly under-predicted for all periods émdractional bias between -11%
and -31%), with highest values during the Septentitober 2008 period (-31%). The late
summer-fall period is known to be influenced byiagjtural open field burning activities

which might be missing from standard emission inogas.

In general, for both SQand CO, the model showed lower correlation coieffits with

respect to other gas-phase spediesfues from 0.20 and 0.37 for CO and from 0.30.&2
for SG).
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PM s

Of all investigated variables, CAMx shows the b&tatistical performance for PM For all
four periods the acceptable model performanceri@itecommended by Boylan and Russell
(2006) for aerosols were met (MREF75 % and-60 % < MFB < +60 %)The fractional bias
ranges from less than 1% in September-October 2@0® -13% in February-March 2009.
Also the recommended model performance goals (MFRB0% and -30% < MFB < +30%)
were met for all periods except for January 2008dMled average PM concentrations are
shown in Fig21. A different spatial distribution is seen for susmand winter. In June 2006
the model predicts higher concentrations in thethga part of the domain especially over
the Mediterranean Sea and North Africa (up tou85m°). On the other hand, the highest
concentrations were predicted in the Po valley ébave 4Qig m°) and in the southern part
of Poland during January-February 2007. During tiie colder periods (2007 and 2009)
elevated concentrations of aroundism® are also visible close to urban areas such as Paris
and Moscow. Figuré&-2 shows PMvariations at Airbase rural-background sites imt&of
medians, 28 and 7%' percentiles. In all the four periods CAMXx is alte reproduce the

observed monthly variation very well with some oepeediction occurring mainly from the

3.2 Detailed evaluation of PM ,5components in February-March 2009

The modelled concentrations of non-refractory ,RMomponents were compared against
aerosol mass spectrometer measurements at elevepean sites for the February-March
13
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2009 period (Crippa et al., 2014). Even thoughXNtS measures particles with a diameler _ - { Formatted: Font: Italic

< 1 pm, the difference between the non-refractdvs Rnd total PMs mass is in general
rather small as shown in Aksoyoglu et al. (2011)gast for situations without exceedingly
high air pollution and situations when sea salt esalarge relative contribution to BM The
modelled average total non-refractory PMsum of nitrate, sulfate, ammonium and OA)
concentrations match the measurements quite wedl avfew exceptions (Fig-3 and Table
3). The model is able to reproduce both high comadans observed at the urban site
Barcelona and low ones at remote sites like Hygti&linland. Concentrations of inorganic
aerosols are over-predicted and OA are under-pgestiiat most of the statiorfgith similar

behavior during the other investigated periodsuféds4 and Figure S5Yery similar results

were also presented by other recent studies (Kabtal., 2011). The effect of different

schemes to treat OA is discussed in Sect. 3.3.th&tCabauw site nitrate was the most

dominant species (Mensah et al.,, 2012). Especallyhis site the model strongly over-
predicts in particular the nitrate (NPfraction (by a factor of 3)rhis-site-istecated-in-a-high
NH; . . . : . s . | activiti nd

spring-{TFable-S2)-A sensitivity test with 50% reduction in ammoniaigssions significantly
improved the modelled NOconcentrations at almost all sites (Talki8SJ_suggesting
potential uncertainties in Nftmissions and their seasonal variahjlifhe-lowesteffect-was

Swiss Plateau-it-is-more-limited-by N@missions (Aksoyoglu-et-al. 2011). Indeed theb

potential reasons for the over-prediction of ]Néduld be related to uncertainties in removal
process of HN@as well as dry deposition velocity of NFsubstantial over-predictions were
found at the higher altitude site of Montseny anyy e Déme when compared with first

model layer concentrations (ca. 200 and 800 metexs respectively at these sites). These
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sites located at about 720 and 1465 meters aelsometimes not within the PBLH during
winter periods. At the Montseny site, the relatjvebarse resolution of the model could also
influence model performance since the site is kxtan a complex area about 50 km north-
east of Barcelona (Pandolfi et al., 2014). Sultatecentrations (S£) were over-predicted at
almost all sites and especially at Mace Head suipgethat long-range transport of $O

might be positively biased.

Modelled and observed hourly concentrations o8O, ammonium (NH™) and OA at

Payerne are reported in Figr4 for March 2009together with meteorological parameters in

Fig. S6-Fhe period-wascharacterized-by south-westerly svinatil-the

model was able to reproduce the meteorologicalmeiers very well for most of the time.

The temperature was slightly under-predicted ah lmght and day-times (with a maximum
of -2 °C) whereas both the monthly variation and #bsolute values of wind speed and
specific humidity were reproduced well with a femder-predictions of high wind-speed"(6
and 11" of March and towards the end of the simulation)e Titodel was able to capture the
three NQ and NH* peaks observed around th8 28" and 2% of March with a general
slight over-prediction throughout the whole periothdeed, the under-prediction in
temperature during day and night time could paytiexplain the over-prediction of the NO
fraction with more N@ partitioning to the aerosol phase which also applythe other
stations used in this study. An evaluation of miedetemperature at the European scale for
the February-March 2009 period confirmed that tleeleh systematically under-predicted the
2 meter surface temperature (Bessagnet et al.) 28l4he inorganic components were over-
predicted during the first four days of March 200h a peak around thé®f March-The

elled(PBLH eported-in-Fig—S6-togetherwiiheconvective-bound ye BL)
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., indicating

that the PBLH was probably not correctly reprodudsdthe model during this period.

Although the temporal variation was captured, cotregions of OA were under-predicted
throughout all the simulation (41g m* and 1.8ug m® observed and modelled average

concentrations). Analysis of the OA fraction isadissed in the next section.

3.3 Organic aerosols

3.3.1 Sensitivity of OA to the VBS scheme

In this section, effects of different parameteiimas of the organic aerosol module on the
modelled OA concentrations are discussed. Theesqaltits in FigZ75 show a comparison of
daily average OA concentrations against the samé& Avasurements as in Table 3 during
February-March 2009. Statistics for each scenamoreported in Table 4. When the semi-
volatile dynamics of primary organic aerosol is taken into account (scenaf¥tNOVBS,

the model under-predicts OA concentrations (MFB3%§ with an observed and modelled
average concentrations 063.0ung m°and 118 2ug m® respectively. In th&2 VBS ROB
scenario POA emissions are allowed to evaporatwiolg the volatility distribution
proposed by Robinson et al. (2007) and to undehgmnical oxidation. In this case modelled
OA concentrations decrease by about 43% with rédpegl NOVBS predicting an average
OA concentration of 067 ug m*>. On the other hand, tt&8 VBS BCscenario improves the
OA model performance increasing the OA concentnatiby about 47% with respect to
S1NOVBS Predicted OA concentrations are found to b& 1. mi® on average (MFB: -
47%). Similar behavior during winter periods wasoakhown in recent studies where the
same VBS scheme was applied in the U.S. domain @a., 2014). Figuré&-6 shows the
modelled total OA concentration over Europe usBENOVBS S2-VBS ROBand S3

VBS_BC scenarios. The model predicts high OA values inBastern part of the domain as

well as over Portugal, France and the Po Vallg$MBS BQ. Some hot-spots around large

urban areas are also visible, i.e., Paris and Mestligher OA concentrations in the southern
part of the domain are observed in &VBS_BCcase, likely because of higher temperature
and more OH radicals available in that part ofdoenain leading to an increase in the total

organic mass upon reaction with organic vapoursis Ti& in line with the results of
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Fountoukis et al. (2014) for the February-March2@eriod even though their study predicts
lower concentration over the Po valley. Even thoogidel input data and parameterizations
are not the same, th83-VBS BC case in particularly, uses a very similar volatilit
distribution as in Fountoukis et al. (2014). Ouudst predicts relatively lower OA
concentrations (MFB: -0.47, MFE: 0.79) comparedhose reported by Fountoukis et al.
(2014) (MFB: 0.02, MFE: 0.68) for February-March080 Unlike Fountoukis et al. (2014)
our study does not include fire emissions and neadrganic aerosol which may partially
explain the differences. Figuge7 shows hourly modelled and observed OA concentratton
Payerne for March 2009 and June 2006. In March ZID¥BS ROBresults are lower than
those inS1-NOVBS whereas OA concentrations @3-VBS BC case are higher (see
Supplementary Fig. S8 and Talsd- S3for average concentrations and statistics). In June
2006, the OA mass i82 VBS ROBIs lower than those i1 NOVBSwhile S3-VBS BC
predicts similar concentrations as tBé NOVBSscenario (2.2 pg m* and 256 ug m°>,
respectively, Fig. S9 and Tal#&S4. It has to be noted that td- NOVBSscenario predicts
slightly lower OA concentration for June 2006 iny®ane with respect to our previous
application (Aksoyoglu et al., 2011), mainly beaao$ a different biogenic model being used
which yields lower monoterpene and sesquiterpenéssimns. Since both BVOCs and
BBOA-like emissions are highly uncertain, sensijivtests with increased biogenic and

anthropogenic emissions were performed and redisitsissed in the next section (3.3.2).

3.3.2 Sensitivity of OA to BBOA-like and BVOC emiss  ions

Emissions of BVOCs compounds (i.e. monoterpenaspréne and sesquiterpenes) were
doubled in scenari®&4VBS_BC 2xBVOQC whilst primary organic aerosol emissions from
SNAP2 and SNAP10 (BBOA-like) were doubled in scwm&E5VBS BC_2xBBOA with
other emissions and processes representedS®/BS BC Figure18-8shows modelled and
observed OA daily average concentrations for $8&BS_BC S4VBS_BC_ 2xBVOCand

S5VBS BC 2xBBOAscenarios across the sites. Statistics for eaghasio are reported in

Table 5. Increasing biogenic emissions by a facfotwo during February-March 2009
resulted in almost no change in the predicted ©#&l(1.73 ug m*and 178 ug m* for theS3
VBS BC-andS4VBS BC 2xBVOCscenarios, respectively). On the other hand, diogibl
the BBOA-like emissions§5VBS_BC 2xBBOA during the same period strongly increased

the predicted OA mass (up to 2.8g m°on average). As a result the mean fractional bias
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decreased further, from -47% to -12% averaged acths sites. This could eventually
confirm other studies where substantial under-ptexis in residential wood burning
emissions were underlined (e.g., Bergstrom eRall2). A few points above the 2:1 lines in
S5VBS BC_2xBBOAmainly belong to the sites of Montseny, Puy de Bé&nd Helsinki.

During winter periods, it is likely that elevatethtions such Montseny and Puy de Déme are

most of the time above the PBLH, as suggested &yiquis studies for Puy de Déme (Freney
et al., 2011), whereas model concentrations ama&ed from the first layer of the model. In
Helsinki, BBOA emissions seem to be overestimatethe dispersion underestimated in the

model.

Comparison with a warmer period in June 2006 isntep as well for Payerne where AMS
measurements were also available (Bit9). In February-March 2009 increasing BBOA-like
emissions $5VBS BC 2xBBOA reduced the fractional bias from -85%38VBS_BCto -
37% (Table 84) with an over-prediction occurring during 1-5 ofakth (Fig.219, upper

panel). As already discussed in Section 3.2,likédy that the vertical mixing processes were
not correctly represented by the model since dt& ihorganic components were over-
predicted for the same period. Almost no changgénpredicted OA mass was found when

biogenic emissions were doubled (scenafdVBS BC 2xBVO( (Fig. 19, upper panel)

due to lower BVOCs emission during winter periot&reasing BVOCs emissions in June
2006 increased the predicted OA mass at Payemegitecially during the 12-16 June and
towards the end of the simulation period, wheréndigconcentrations and temperature (Fig.
S7) were also observed (Figt9_-lower panel). In contrast, similar OA concentratiomere
predicted in Payerne fo83VBS_BCand S5VBS BC 2xBBOA-during June 2006 (with

averages of 22ug m* and 2875 ug m? respectively). This is in line with a very recent

source apportionment study based on ACSM (aero$@mizal speciation monitor)
measurements performed in Zirich for 13 months riigely 2011 - February 2012) which
revealed substantial differences between the witffebruary-March) and summer (June-
August) fs4 / f43 space (organic mass fraction measured at masBarge ratio 44 and 43)
indicating that summer OOA (oxygenated organic sa)ds strongly influenced by biogenic
emission and winter OOA by biomass burning emisgfdanonaco et al., 2015). Increased
OA concentrations at Payerne in June 2006 withees®d biogenic emissions were also
found in other modelling studies. Bergstrém et(28D12) used the VBS framework with
different assumptions regarding aging processescantpared the model results for June
2006 with the AMS results at Payerne. In their gttlte total OA was found to be under-
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predicted with lower bias observed when aging eses were taken into account and
biogenic emissions were increased by a factor &ven though their model differs from ours
in various aspects (number of volatility bins, agprocesses parameterization and input data)
in two of their scenario without aging of biogelS©A Bergstrom et al. (2012) predicted an
average OA concentration ranging from ggmi®to 3.4pg mi° which is similar to our base
case S3VBS BC and S4 VBS BC_2xBVOC scenario (24 pug m° and —3.4 pg m°,
respectively, Tabl&5S9.

3.3.3 OA components in summer and winter

Comparisons of the primary and secondary orgaaiifsn at the rural site of Payerne during

summer (June 2006) and winter (February-March 2@@9)ods are reported in Figure 10.

During the winter period the VBS scheme better adpced the primary and secondary

organic aerosol components compared to the NOVBS8.da particular, For the VBS ROB

base case, total OA concentrations were lower cosdp@ the NOVBS case, consistent with

the study of Woody et al. (2016) where the same 8% me was applied to the US domain.

The total OA concentrations in the base case (VES &hd in the scenario with increased

biomass burning emissions (VBS BC 2xBBOA) were bighompared to NOVBS case,

even though SOA and POA fractions were not cowyeaethroduced. Higher contribution from

the primary fraction during winter periods was gisedicted by the study of Koo et al., 2014

which deployed the same VBS scheme. Eventuallg, iiight indicate that biomass burning

precursors might be missing in this study, or thatoxidation pathways of primary organic

material need to be improved in the model (up % &6 the reacted primary organic material

is_still allocated in the primary set as oxidatipmoceeds, directly increasing the POA
fraction).

Different behavior was observed for the summergaewhere the larger contribution of SOA

to the total OA retrieved from measurements is atgwoduced by the model, even though

the total OA concentration was still underestimaifuese results for summer are also in line

with the study of Koo et al. (2014) for summer pds in the US domain using the same VBS

scheme.
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4  Conclusions

A modelling study using the regional air quality ceeb CAMx with VBS (Volatility Basis
Set) scheme was performed for the first time inofarwithin the EURODELTA-III model
intercomparison exercise. An evaluation for theémgas phase species and RNbr four
different periodsvas performed using the European air quality daml#sirbase as well as
AMS (Aerosol Mass Spectrometer) measurements. Eniegin February-March 2009 was
further analyzed in more detail using differentuesptions regarding the volatility of emitted
organic aerosol and emissions of precursor. Tha firailings of this study are summarized

below:

=—Although total PM s mass concentrations and its variations were vegliaduced by

the model in all four periods, comparisons with Akh®asurements for the February—

March 2009 period revealed that the good agreemwmsttveen model and

measurements was most of the time due to overdsiimaf the inorganic fraction,

especially N@, and underestimation of OA. Sensitivity tests witduced NH

emissions generally reduced the positive bias in 3 Neuggesting potential
uncertainties in Nkl emissions and their seasonal variability—Fetal-.BMas

elled very well_The concentration—aradientsweein—the fo nvestioated

* In general, for all the four periods, the model emdredicted N@ and CO
concentrationsespecialb—durne—wnter—senedslilely beeovse Jobutieient
emissions. On the other hand, Owvas found to be over-predicted likely because of
insufficient NQ, to undergo titration during night-time chemistryrmt well captured
vertical mixing processes and concentrations at libandaries. SOQwas over-
predictedespecially-rearcoastal-arepsesumably mainly because of uncertainties in
high stack point sources-ships—stack-heigipresentation in the model too low
deposition processes-and-in-the-eastern-pareaddmain-where-larger-emissions are
Sooiay
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Including evaporation and oxidation processes ohary organic particles with the

volatility distribution proposed by Robinson et €2007) lowered the modelled OA
mass both in winter and summer periods. On therdibad, the adjustment of the
scheme by Robinson et al. (2007) suggested by &tdva et al. (2011) and Tsimpidi
et al. (2010) brings model and observatiomo better agreement by reducing the
negative bias for OA by about 29% (MFB) in winter.

Sensitivity tests with increased BVOCs and BBOZAelikmissions suggested that
emissions from residential heating represent anoitapt contributor to total OA
during winter periods (February-March 2009). Thedelounder-predicted the winter
OA concentrations (MFB -47% for base ca88VBS _BQ more than gas phase
pollutants e.g. N@(Table 2). Eventually, increasing BBOA-like emiss by a factor
of 2 brought model and observation to a reasongbbd agreement even though the
model still under-predicts the OA fraction (-12% B)F-This underlines the necessity
to better constrain emission inventories with aufoon residential heating. Also the
implementation of the VBS scheme for domestic wbadhing, which substantially

influences both the primary and secondary orgagriosol, should be evaluated.

A summer period was simulated as well and resudt®wompared at Payerne. In June
2006, the current VBS implementation could not ekplthe discrepancy between

modelled and observed OA. During this period tHéetince between the model and
measurements is likely to be related to BVOCs dnnisswhich are uncertain and

difficult to constrain with measurements. In thase the model was sensitive to an
increase in biogenic emissions especially duringope with higher temperature and

OA concentrations. The latter could confirm the artpnce of BVOC precursors in

summer in Payerne and the way to correctly repteslesir evolution in the

atmosphere.
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981 5 Figures and Tables

982 Table 1. Volatility distributions used for differescenarios.

983
Emission fraction for volatility bin with C* ¢
Scenarios POA emission source:
0 1 10 100 1000
| SeenarielNOVBS 100
) HOA-like :
(non-volatile BBOA-like 100 - - - -
CAMxv5.40)
| - 2VBS_ROB HOA-like 0.09 0.09 0.14 0.18 0.5
(Robinson et al., BBOA-like
2007) 0.09 0.09 0.14 0.18 0.5
| Seenarie3VBS_BC
(Tsimpidi et al., HOA-like 0.40 0.26 0.40 0.51 1.43
2010 and BBOA-like 0.27 027 042 054 1.50
Shrivastava et al.,
2011)

984 |



985
986

987

988

Observed Modelled MB ME MEB MEE
mean mean
) Numberof ppb) ppb) H H
Species sites ('Bpj) (‘ppj) ¢ ok ¢ 3for
{ug-m-for {ng-m-for
PM-,9) PM-, 9 PM-g PM- 9
June-2006

co 36 1920 158.0 -34:20 80.70 012 0.36
NO, 320 43 23 -1.87 224 -0.54 068
[=X 46¢ 42 512 8.9z 10.8¢ 021 02
PM, 48 120 117 -0.30 446 -0.07 039

Jan-Feb-2007
[ala] 45 248.0 191.0 -57.80 107.00 011 0.37
NO, 337 6.5 4.4 217 316 -0.28 0.57
[=X 455 235 358 1230 1260 048 049

Sep-Oct 2008
NO, 370 53 37 -1.67 250 -0.28 0.56
O, 465 243 325 817 9.58 0:32 037
PM, 5 90 130 144 103 5.69 <001 046

Eeb-Mar 2009
NO, 380 8.0 3.9 -2.03 278 -0:33 0:56
O 488 327 330 0.22 714 0.02 023
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989 | Table 2. Model gas phase and PMberformance for the EDIII field campaigns (basseca
990 | VBS BQ).
Observed Modelled MB ME
mean mean —b _b MFB MFE
Species wf (ppb) (ppb) 1 1 r
sites (ug m3for  (ug mfor
(ug m®for  (ug m*for
PM ,2) PM <) PM; 5 PM;5)
June 2006
co 36 192.0 158.0 -34.2 80.7 -0.12 0.36 0.20
NO, 320 4.1 2.3 -1.9 2.2 -0.54 0.68 0.55
Os 460 42.3 51.2 8.9 10.8 0.21 0.24 0.57
PM, ¢ 48 120 117 0.3 4.5 -0.07 0.39 0.55
SO 263 1.0 12 0.2 0.7 0.14 0.67 0.52
Jan-Feb 2007
co 45 248.0 191.0 57.8 107.0 -0.11 0.37 0.21
NO, 337 6.5 4.4 2.2 3.2 -0.28 0.57 0.68
O; 455 235 35.8 123 126 0.48 0.49 0.61
PM,s 56 117 12.8 1.0 6.1 -0.04 0.56 0.69
SO 271 13 17 04 11 0.36 0.75 0.46
Sep-Oct 2008
co 53 208.0 136.0 -72.0 91.4 -0.31 0.48 0.27
NO, 370 5.3 3.7 1.7 2.5 -0.28 0.56 0.62
O3 465 243 325 8.2 9.6 0.32 0.37 0.50
PM, s 90 13.0 141 1.0 5.7 <0.01 0.46 0.76
SO, 256 0.9 11 0.2 0.8 0.25 0.74 0.37
Feb-Mar 2009
co 57 262.0 170.0 -91.6 119.0 -0.26 0.48 0.37
NO, 380 6.0 3.9 2.0 2.8 -0.33 0.56 0.61
Os 488 32.7 33.0 0.2 71 0.02 0.23 0.55
PM; 5 110 151 13.0 2.1 6.4 -0.13 0.50 0.71
SO 257 1.0 13 0.3 0.9 0.23 0.76 0.45
991
992
993

36



994 Table 3. Statistical analysis of nitrate, ammoniwsmifate and organic aerosol in base case

995 | (S3VBS_BQ for February-March 2009 at different AMS sites.
996
. Mean observed Mean modelled MB ME MFB MFE
> (ug/) (ugi?) wm ugm® [ [
NOy
Barcelona 3.6 5.8 2.19 3.98 0.35 0.98
Cabauw 2.2 6.7 4.49 458 0.85 1.01
Chilbolton 2.7 4.0 1.33 221 0.02 0.76
Helsinki 1.0 1.9 0.93 1.30 0.29 0.92
Hyytiala 0.2 1.0 0.75 0.83 0.21 1.09
Mace Head 0.6 1.7 1.11 1.12 0.14 0.70
Melpitz 3.1 4.3 1.25 2.41 0.35 0.71
Montseny 31 5.9 2.83 431 0.38 1.00
Payerne 3.9 5.7 1.81 2.83 0.34 0.61
Puy de Déme 0.9 2.7 1.81 217 1.13 1.30
Vavihill 2.8 3.7 0.89 217 0.14 0.78
NH,*
Barcelona 1.6 25 0.92 1.41 0.42 0.71
Cabauw 1.0 2.7 1.73 1.75 0.95 0.97
Chilbolton 1.3 2.0 0.68 1.02 0.39 0.61
Helsinki 0.8 1.3 0.52 0.59 0.51 0.60
Hyytiala 0.4 0.8 0.43 0.48 0.55 0.70
Melpitz 1.4 21 0.72 1.11 0.45 0.69
Montsen 1.7 2.€ 0.9z 1.5¢ 0.3¢ 0.74
Payerne 1.7 2.5 0.80 1.15 0.36 0.56
Puy de Dome 0.7 1.2 0.51 0.87 0.83 1.07
Vavihill 1.6 1.9 0.38 0.90 0.17 0.56
SO
Barcelon: 2.7 2.3 044 128 -01¢  0.4¢
Cabauv 1. 2.1 1.1¢ 1.3¢ 0.7¢ 0.8¢
Chilbolton 1.3 2.2 0.91 1.33 0.45 0.70
Helsinki 2.4 2.2 024 092  -004 043
Hyytiala 1.4 1.7 0.26 0.73 0.09 0.58
Mace Head 0.4 1.2 0.83 0.89 1.04 1.12
Melpitz 11 2.2 1.15 1.40 0.54 0.76
Montseny 1.4 2.3 0.97 1.19 0.55 0.64
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Payerne 1.1 2.1 1.06 1.16 0.62 0.70

Puy de Déme 0.4 11 0.77 0.82 1.14 1.19
Vavihill 1.6 2.3 0.73 1.05 0.18 0.54
OA
Barcelona 8.2 3.1 -5.11 5.15 -0.80 0.82
Cabauw 1.2 11 -0.14 0.53 -0.13 0.50
Chilbolton 2.4 0.7 -1.70 1.70 -1.09 1.10
Helsinki 2.7 2.9 0.26 1.64 0.08 0.62
Hyytiala 1.3 1.0 -0.28 0.52 -0.48 0.60
Mace Head 0.8 0.4 -0.38 0.43 -0.29 0.70
Melpitz 1.5 0.5 -0.95 0.98 -0.94 0.97
Montseny 3.1 3.9 0.88 1.88 0.31 0.57
Payerne 41 1.8 -2.33 2.43 -0.85 0.90
Puy de D6m 0.€ 14 0.7¢ 0.9¢ 0.6€ 0.91
Vavihill 3.9 1.4 -2.53 2.53 -1.04 1.04

997

998 | Table 4. Statistical analysis of OA f8ANOVBS S2VBS ROBand-S3VBS_BCscenarios
999 for the 11 AMS sites for February-March 2009.

Scenario obsgr?/aelg OA mot'jweﬁ:g OA MB ME MFB MFE
(ug m?) (ug ) (mgm®  (ug md [] []
SiNOVBS 3.02:96 1.21.18 -1.8=178 2.02:64 -0.66 0.88
S2VBS ROB  3.02.96 0.70.67 -2.3=2.29 2.42.35 -1.08 1.19
S3VBS BC
3.02:96 1.74.73 -1.2=1.23 1.84.83 -0.47 0.79

(base case)

1000

1001 | Table —5. —Statistical analysis of OA for-S3VBS BC —S4VBS BC 2xBVOCand
1002 | S5VBS BC 2xBBO/Ascenarios for the 11 AMS sites for February-M&009.

Mean Mean
Scenario observed OA modelled OA MB ME MFB MFE
R nm m - -
(H’g,m 3) (H-g m3) (“-g 3) (“-g 3) [] [ ]
S3VBS BC
3.02.96 1.7473 -1.2=1.23 1.8483 -0.47 0.79
(base cas
VBS BC 2xBVOGS4  3.02:96 1.8478 -1.2=147 1.8482 -0.46 0.78
VBS BC 2xBBOAS5  3.02.96 2.82:84 -0.1-0-41 19391 -0.12 0.69
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1027 The black and red lines are observed and modelttian, respectively. The numbers of sites
are 48, 58, 90, and 110 from top to down. Basebase caseS@VBS BQ.
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1072 | Figure79. Predicted and observed total OA for scena8b5lOVBS S2 VBS ROBandS3
1073 | VBS BCin March 2009 (upper panel) and June 2006 (lowaepat Payerne.
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1079 | Figure —-820 OA daily average scatter plots f&VBS BCG VBS BC_2xBVOGCGS4and
1080 | S5VBS_BC_2xBBOAscenarios for February-March 2009 for station$able 3. Solid lines
1081 indicate the 1:1 line. Dotted lines are the 1:2 art lines. Boxplots indicate mediang’, 5
1082 25" 75" and 94" quantiles for observations (black) and sensitititgts (red). The crosses
1083 represent the arithmetic means.
1084

51



1085

1086

1087

1088

OA in Payerne for 2009 period

Jui

—— Observations
15 — S8
S4
— S5
%
< 10+ | A
=
<
(¢]
5
S e T 1 1 1 T T T T T T T T T T T T T 1T 1
Mar01 Mar03 Mar05 Mar07 Mar09 Mari11 Mar13 Mar15 Mar17 Mar19 Mar21 Mar23 Mar25
OA in Payerne for 2009 period
—— Observations
15 —VBS_BC
VBS_BC_2xBVOC
— VBS_BC_2xBBOA
a
£ 404
o
=2
<
(o)
5
O =171 71 r— 1.1 o1 1. T1 1 T T T T T T T T T T 1 1
Mar01 Mar03 Mar05 Mar07 Mar09 Mar11 Mar13 Mar15 Mar17 Mar19 Mar21 Mar23 Mar25
OA in Payerne for 2006 period
20 o —— Observations
— 83
— S4
— S5
— 15
< |
g) 4 I I
> 10
<
o
5 - Q | J!é! !%gv%!s ]/ :ggjl',ﬁ% !Lﬂé
O-—7 T T T T 1T 1T T T T T T T T T T T T T T T T T T T T 11
Jun 01 Jun 04 Jun 07 Jun 10 Jun 13 Jun 16 Jun 19 Jun 22 Jun 25 Jun 28
OA in Payerne for 2006 period
20 - —— Observations
—VBS_BC
—— VBS_BC_2xBVOC
— VBS_BC_2xBBOA
— 15
£
)
S 10 4
<
o
5
0 T T T T T T T T T T

n 01 Jun 04 Jun 07 Jun 10 Jun 13 Jun 16 Jun 19 Jun 22 Jun 25 Jun 28

52



1089 | Figure 119 Predicted and observed total OA for scenarigd3VBS BQG
1090 | VBS BC 2xBVOCS4and VBS BC 2xBBOASS5in March 2009 (upper panel) and June
1091 | 2006 (lower panel) at Payerne.
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1096 | Figure 10. Relative (left) and absolute (right) tridmution of predicted and measured POA
1097 | and SOA fractions to the total OA mass at PayeonéF€bruary-March 2009 winter period

1098 | (upper-panel) and June 2006 (lower-panel) and reiffe model scenarios. NOVBS:
1099 | (traditional non-volatile POA), VBS ROB (Robinsonat., 2007), VBS BC (Tsimpidi et al.,
1100 | 2010, Shrivastava et al., 2011), VBS BC_ 2xBVOCr@ased biogenic emissions relative to
1101 | VBS BC), VBS BC 2xBBOA (increased biomass burningssions relative to VBS BC),
1102 | Obs-Payerne: AMS-PMF.
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