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Firstly, we would like to convey our gratitude to the referee for their helpful and en-
couraging comments on the manuscript. The following will detail our response to the
referee’s comments.

1. The paper says that it presents evidence to support the framework suggested by
Jimenez et al., 2009. This is fair to a certain extent, but really the paper supports
the general idea that VOC is oxidised more the further downwind one looks. The
paper misses the opportunity to evaluate the time-scales of the conversion from HOA
to SVOOA to LV-OOA that would really underpin the Jimenez framework. I think that
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such an evaluation is possible from the data, and would make the paper much more
useful to the community.

We agree with the referee that the paper supports the general idea of increasing oxi-
dation with distance from source and we will make this more explicit in the paper. The
statements regarding our data supporting the framework suggested by Jimenez et al.
(2009) refer to the fact that we can link the increasing oxidation to the conversion of
OM from predominately SV-OOA to LV-OOA.

In terms of evaluating the time-scales for conversion of Organic Matter (OM) composi-
tion, we found that it was unfeasible to include such an analysis due to the highly dense
source footprint in Northern Europe which meant that we were sampling a mixture of
air mass ages in terms of both their time since emission and atmospheric processing.
Furthermore, the nature of the aircraft operations meant that we were unable to sam-
ple in very close proximity to a major source and then probe the evolution at a range
of distances downwind in the same air mass. As such we would be “missing” the initial
stages of oxidation in closest proximity to a major source.

We did highlight the spatial and photochemical evolution of the OM by presenting the
longitudinal gradients and relating this evolution to gas phase markers.

We do agree with the referee that the data set could be used to investigate ageing
timescales but only if they are used to test a model framework that includes a robust
consideration of organic aerosol that incorporates transformation and repartitioning.
Such a model activity is underway and will form the basis of a separate publication.
This paper provides a detailed overview of the data that frames such a model exercise.

2. The paper makes no attempt to put the AMS results in the context of what is already
known in Europe. In particular, the authors find good correlation of OOA with nitrates
and sulphates, which at first sight suggests an anthropogenic source. However, these
results needs to be compared and contrasted to conclusions from other studies, notably
the 14C studies of Gelencser et al. (JGR, 2007), or Szidat al. (e.g. JGR, 2006, ACP,
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2009), Yttri et al.(ACP, 2009), or the PMF studies (e.g. Saarikoski, ACP 2008). These
all suggest BSOA as the source of most OM.

Our data does show good correlation between OOA and inorganics, however given the
nature of the aircraft operations and the instrumental fit aboard the aircraft, drawing
concrete conclusions regarding sources would prove difficult. During most of the air-
craft operations we were sampling at distances further downwind of sources and the
accumulation mode aerosol sampled by the AMS was predominantly internally mixed.
As such, we often observed the chemical components to be well correlated with each
other. Furthermore, the instrumental fit of the aircraft was biased towards aerosol-
climate studies, thus we did not have the required information on gas-phase organic
precursors in order to further investigate the sources of OM.

We will add a discussion of previous literature in polluted environments, namely Eu-
rope and the United States, in order to set our measurements in the context of such
studies. As the referee notes, previous studies have suggested that OM in Europe con-
tains an elevated biogenic fraction and this is consistent with rural measurements in the
United States (e.g. Bench et al., 2007). However, several studies located in more ur-
ban locations (particularly in urban plumes) have suggested that anthropogenic VOCs
dominate SOA formation (e.g. de Gouw et al., 2005, 2008; Bahreini et al., 2009). A
further complication to this picture is that both biogenic VOCs and anthropogenic pol-
lutants/oxidants may play a role in SOA formation (e.g. Weber et al., 2007; Goldstein
et al., 2009). However, given the deficiencies in our measurement capability previously
discussed, we do not feel able to unequivocally conclude whether the OM is predomi-
nantly biogenic or anthropogenic in origin or a mix of both for that matter.

3. The reason for the correlation with sulphates is also interesting to discuss. The
spatial distribution of S in the UK for example is very different to that of NOx and
VOC (or BVOC). Don’t the high time-resolution data allow any conclusions to be drawn
concerning whether S is indeed involved in SOA formation or not? )(The recent review
of Hallquist et al., ACP 2009 suggests many possible pathways to OM formation. Do
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the current data not give any hints as to sources?)

Similarly for the points raised in (2), we do not feel that our data can be used to
draw concrete conclusions regarding SOA formation. We were principally operating
in high pressure systems, where aerosol removal was diminished and single well de-
fined plumes were not observed. As such we were unable to compare organic aerosol
in one plume with that in another. Consequently, we did not speculate upon SOA for-
mation pathways in the manuscript and instead focussed upon its evolution subsequent
to formation, an area that the data was far more suited to given the nature of the aircraft
operations.

4. There is no discussion or presentation of vertical profiles of OM or OM:PM ratios.
Did these change much with height? Over 2-3 km there is a substantial temperature
change, which could be expected to affect condensation of SOA - is there any sign of
such effects?

As mentioned on page 27244, we are preparing a manuscript regarding the vertical
distribution of aerosol chemical composition in North-Western Europe for the EUCAARI
special issue. This will include presentation of vertical information of OM.

However, as both referees have enquired about such information, we will include an
additional figure to present this information and discuss how the vertical distribution
changes across Northern Europe based upon our measurements.

5. The paper is rather long and heavy to read. This is partly as the authors have erred
on the side of providing more information than less (that’s okay I think), but some things
could be improved to help the reader. Ideas follow.

The length of the paper is mainly a reflection of the significant detail required in the
discussion of the PMF analysis in section 4. In the revised manuscript we will condense
this section to provide a more general overview of the methods employed and move
some of the heavier technical details into the supplementary material so that it is still
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accessible to interested readers.

6. Figs. 2-4 could be usefully condensed into one map, with pies to show the OM, SO4
and NO3 splits. This would give a much faster visual impression of the data. I would
also like to see a Table with these numbers (in the Supplementary would do), since
figuring out the masses and ratios by eye, and in comparison to the flight paths of Fig.
1 is difficult.

In order to improve the visual impression of the data, we have segregated the data
into different zones which encompass regions in Northern Europe and summarised
this in Fig. 1. This communicates some of the salient points in terms of the spatial
distribution in order to set the latter discussions in context. In the revised manuscript
we will remove Figs. 3 and 4 but retain Fig. 2 as this is the most relevant figure to the
following discussion.

We will also include summary tables in the supplementary material.

7. Tables would also help the discussion in section 3 (p27223–27224). Here I can read
that OM is significant in both background and polluted conditions, but I can’t see where
this statement comes from.

The statement comes from Fig. 2, which shows that OM almost always composes
more than 20

This will be more explicitly stated in the revised manuscript.

8. p27229. Lines 25 on. Here the authors use OOA-2, OOA-2 etc. This notation
reminds of that used previously by many authors (e.g. Ulbrich et al. 2009). Make it
clear the extent to which the notation is consistent across papers, or simply a result of
PMF?

As stated on page 27229, we used the OOA-1, OOA-2 nomenclature to signify the level
of oxidation (signified by the m/z 44 contribution) for each identified factor which is how
the terms were originally introduced by Lanz et al. (2007). We used this terminology to
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discuss the factors prior to assigning each factor to either LV-OOA, SV-OOA or HOA,
which was done after the factors were compared with reference mass spectra and
external tracers.

We will make this clear in the revised manuscript.

9. p27230, 4.2.1 etc. Data are discussed without any supporting figs or tables for the
reader to refer to. Addition of Tables would be best.

We will add this information to the supplementary materials in the form of tables.

10. p27231, similar point here. On lines 7-8 the "slope" is compared against literature,
without either this study’s slope or the literature values being given. Give both.

These will be added to the main text and figures.

11. p27231, emission ratios cont. 2 papers is a very limited resource when citing
emission rates. What about official emission rates of OM, NOx, CO, etc.?

We will add some further emission estimates to the comparison in the revised
manuscript.

12. Fig. 1. I found the mix of periods and labels confusing. Each period consists of
many days. How do the individual flights shown relate to the full period - did the aircraft
follow exactly the same flight path for every day of each period?

The aircraft often flew similar flight paths in each period as the nature of the operations
requires that fixed waypoints are used. However, this was not always the case, partic-
ularly when operating in the Baltic Sea region and the eastern Atlantic as these were
sampled less frequently.

We will make this clearer in the revised manuscript by masking the higher altitude sec-
tions so that the focus is upon the lower levels sections of interest to the paper. Fur-
thermore, we will make the distinction between overlapping flight tracks more distinct
by offsetting the tracks slightly.

C11710



13. Fig. 4 The caption presumably means Nitrate total mass, not AMS total mass.

The figure caption is correct.

14. Fig. 5a. One usually refers to vertical and horizontal bars or lines, not "sticks and
bars". Sticks could be in either direction anyway, so this new notation is only confusing.

This will be revised in order to be consistent with generally accepted nomenclature.

15. Fig. 5b. Why does this figure again use just 2 literature values, and why different
from that used above (now Allan, not Lanz). Would you expect these emission values
to apply to NW Europe anyway?

This was an error in the text as the figure was changed to use the Allan (2004) ref-
erence but the text was not. The Allan (2004) reference is for a study in Manchester
and given that the flight in question is thought to sample the outflow from Manchester
and the North-West of the UK then yes the emission value would be assumed to be
representative. This value has since been updated in Allan et al. (2010) and will be
included in the revised manuscript alongside a discussion regarding the applicability of
the chosen emission profiles.

16. Fig. 6a. The flight names are so long as labels that it isn’t clear which correlation
coefficient applies, and the plot is sometimes so messy that the labels can’t be read
anyway. Use e.g. a cross to indicate where the r2 values are.

The flight names were used to draw attention to those that lie outside of the usual be-
haviour. We will change the markers to crosses and include a textual label to highlight
particular flights of interest.
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