Supplement:

VARIATIONS IN TROPOSPHERIC SUBMICRON PARTICLE SIZE
DISTRIBUTIONS ACROSS THE EUROPEAN CONTINENT
2008-2009

D. C. S. Beddows®, M. Dall'Osto?, Roy M. Harrison®*", M. Kulmala®,
A. Asmi® A. Wiedensohler?, P. Laj®, A.M. Fjaeraa®, K. Sellegri’,
W. Birmili*, N. Bukowiecki®, E. Weingartner®, U. Baltensperger®,
V. Zdimal®, N. Zikova®, J.-P. Putaud®®, A. Marinoni**, P. Tunved*?,
H.-C. Hansson™, M. Fiebig®, N. Kivekas**!, E. Swietlicki®?,

H. Lihavainen™, E. Asmi**, V. Ulevicius®™, P. P. Aalto®, N. Mihalopoulos®®
N. Kalivitis'®, I. Kalapov'’, G. Kiss®®, G. de Leeuw® ***, B. Henzing™®,
C. O'Dowd?®, S. G. Jennings®, H. Flentje*, F. Meinhardt®, L. Ries®

H.A.C. Denier van der Gon*, A.J.H. Visschedijk*®

! National Centre for Atmospheric Science, School of Geography, Earth and Environmental Sciences, University of
Blrmlngham B15 2TT, UK

2 |nstitut de Ciéncies del Mar, CSIC, Pg Maritim de la Barceloneta 37-49 08003 Barcelona, Spain

Department of Physics, University of Helsinki, P.O. Box 64, Helsinki, Finland

Lerbnrz Institute for Tropospheric Research, Permoserstralle 15, 04318 Leipzig, Germany

® Laboratoire de Glaciologie et Geophysique de I'Environnement Universite Joseph Fourier, Grenoble 1/CNRS, 38400 St.
Martln d'Heres, France

NILU Norwegian Institute for Air Research Instituttveien 18, 2027 Kjeller, Norway

" Laboratoire de Météorologie Physique, UMR 6016, CNRS/University of Clermont-Ferrand, Clermont-Ferrand, France
Laboratory of Atmospheric Chemistry, Paul Scherrer Institute, 5232 Villigen PSI, Switzerland

Laboratory of Aerosol Chemistry and Physics, Institute of Chemical Process Fundamentals of the AS CR, v.v.i.,
Rozvorova 135, 16502 Praha 6, Czech Republic

European Commission, Joint Research Centre, Institute for Environment and Sustainability, 21027 (VA), Italy

CNR ISAC, Institute of Atmospheric Sciences and Climate, 40129, Bologna, Italy

Department of Applied Environmental Science (ITM), Stockholm University, 10691 Stockholm, Sweden

Department of Physics, Lund University, SE-22100, Lund, Sweden

Flnnlsh Meteorological Institute, Erik Palmenin aukio 1, P.O. Box 503, FI-00101, Helsinki, Finland

Center for Physical Sciences and Technology, Savanoriu 231, 02300 Vilnius, Lithuania

Envrronmental Chemical Processes Laboratory, Department of Chemistry, University of Crete, Greece

7 Institute of Nuclear Research and Nuclear Energy, Bulgarian Academy of Sciences, Blvd. Tzarigradsko chaussee, 72,
1784 Sofia, Bulgaria

MTA PE Air Chemistry Research Group, P.O. Box 158, 8201 Veszprém, Hungary

Netherlands Organisation for Applied Scientific Research TNO, Princetonlaan 6, 3508 TA Utrecht, The Netherlands

% National University of Ireland Galway, University Road, Galway, Ireland

% German Meteorological Service, Hohenpeissenberg Observatory, Albin-Schwaiger Weg 10, 82383 Hohenpeipenberg,
Germany

German Federal Environment Agency (UBA), Messnetzzentrale, Paul-Ehrlich-str. 29, 63225, Langen, Germany

% German Federal Environment Agency (UBA), Platform Zugspitze of GAW Global Station Zugspitze/
Hohenpelssenberg Zugspitze 5, 28475 Zugspitze, Germany

* To whom correspondence should be addressed.
Tele: +44 121 414 3494; Fax: +44 121 414 3708; Email: r.m.harrison@bham.ac.uk

Also at: Department of Environmental Sciences / Center of Excellence in Environmental Studies, King
Abdulaziz University, PO Box 80203, Jeddah, 21589, Saudi Arabia

1


https://owa.bham.ac.uk/owa/?ae=Item&t=IPM.Note&a=New&to=antoon.visschedijk%40tno.nl&nm=Visschedijk%2c+A.J.H.+%28Antoon%29

“© 14+ — ;Clus‘ter I1’ o 14+ — Clusier IS’
o e Cluster 2 o e Cluster 7
* 12+ s Cluster 3 * 12+ s Cluster 8-
i e Cluster 4 e e (Cluster 9
€10 - Cluster 5 | €10+ =
L °
Z g+ E Z g+ -
g 6+ 1 g 6- 1
> >
S 4 | S 4 :
o ks
z 27 1 z 27 1
he] ke

0.02 0.10 0.50 0.02 0.10 0.50

Dy (um) Dy, (um)

Figure S1. Cluster Centres derived from the k-Means analysis of the hourly averaged spectra.
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Figure S2. Average clustered hourly particle size distributions (cluster 1-9 left hand panels) and the
spatial distribution of each cluster (right hand panels). The solid black line shows the average spectrum
and the dashed lines show the 10", 25", 75" and 90" percentile spectrum. The maximum and minimum
spectra are traced out by the extremities of the shaded areas. When counting the spectrum types within
the whole data set, the sites which collected above the 90", 75" and 50" percentile were marked with a
progressively lighter orange colour. Circles denote boundary layer sites and triangles sites of relatively
high altitude. The right hand panel shows the colour maps plotted using the average day of hourly
spectra for each of the clusters.
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Figure S3. Cluster Centres derived from the k-Means analysis of the weekly averaged spectra.
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Figure S4. Average clustered weekly particle size distributions (cluster 1-5 left hand panels) and the
spatial distribution of each cluster (right hand panels?. The solid black line shows the average
spectrum and the dashed lines show the 10", 25", 75" and 90" percentile spectrum. The maximum
and minimum spectra are traced out by the extremities of the shaded areas. When counting the
spectrum types within the whole data set, the sites which collected above the 90", 75" and 50"
percentile were marked with a progressively lighter orange colour. Circles denote boundary layer
sites and triangles sites of relatively high altitude. The right hand panel shows the colour maps
plotted using the average day of hourly spectra for each of the clusters.
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Figure S5. Frequency percentage of the clusters measured at each of the sites: (left hand panel) sites
ordered by latitude and (right hand panel) sites ordered by longitude. [Bar colours correspond to the

different site types in Table 1: rural — green; mostly remote — grey; weakly influenced — blue and

agglomeration — orange. Sites with blank bars have no type assignment.]
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Figure S7. Using the volume distribution, the fitted modal-diameters of each cluster (1-9) is plotted
against the Weighted Latitude, calculated for each cluster, using WL = YW, - X;/Y**W,;, where X; is
the latitude/longitude of the sites where the cluster is detected and W; corresponding population of
the cluster across for the 24 sites.
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Figure S8. Colour maps derived from the averaging of (a) clusters
1-4 and (b) 5-9, showing the diurnal trends of the spectra collected
inside and outside of central Europe respectively.
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Figure S9. Peak fitted clusters.
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Figure S10. Plot showing how the modal diameters of the peaks (a) peak 1 and (b) peak 2, fitted to
the average cluster spectra (shown in Figure S9) vary with the hour of their maximum occurrence.
The red (1,2,3 and 4) and green (5,6,7,8 and 8) colours depict two aggregated trends observed in the
data based on a South to North and West to East air mass movement. The fitted curves for figure (a)
are MD = 0.67 x HR + 17.8 for clusters 1- 4 and MD = 0.46 X HR + 13. 3 for clusters 5- 9.
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Figure S11. Synoptic chart available at midnight of the sequential days along the trajectory
arriving at FKL on the 24" of December 2008 at midnight (Figure 8).
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Figure S12. Meteorology along the trajectory arriving at FKL on the 24™ of December 2008 at
midnight (Figure 8).
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Figure S13. Synoptic chart available at midnight of the sequential days along the trajectory arriving
at MHD on the 16™ of April 2009 at 18:00 (Figure 9).
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Figure S14. Meteorology along the trajectory arriving at MHD on the 16" of April 2009 at 18:00 (Figure
9).
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Figure S15. Synoptic chart available at midnight of the sequential days along the trajectory arriving

at ZEP on the 7™ of February 2008 at 06:00 (Figure 10).
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Figure S16. Meteorology along the trajectories arriving at ZEP on the 7" of February 2008 at 06:00
(Figure 10).
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Figure S17. SynoPtic chart available at midnight of the sequential days along the trajectory arriving
at CMN on the 17" of October 2009 at 18:00 (Figure 11).
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Figure S18. Meteorology along the trajectory arriving at CMN on the 17" of October 2009 at 18:00
(Figure 11).
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Figure S19. Average clustered particle size distributions (cluster 1-9 shown in left hand panels in
Figure 3 but plotted on log scales). The solid black line shows the average spectrum and the dashed
lines show the 10™, 25™, 75" and 90" percentile spectrum.

16



