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Figure S1: 99th, 95th and 75th percentile of ozone (in nmol mol−1) for the period JJA 2008–2010 based on 3-hourly
model output. Results of the REF simulation.
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Figure S2: 99th, 95th and 75th percentile of ozone (in nmol mol−1) for the period JJA 2008–2010 based on 3-hourly
model output. Results of the EVEU simulation.
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Figure S3: Relative contribution (area average for CM50 domain) of different emission sources to the ozone column
up to 850 hPa.
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land transport 

Figure S4: Monthly total emissions of NO (in Tg) for the CM50 domain for different emission sources. For the
anthropogenic emissions the MAC inventory is used. Shown is the seasonal cycle for the year 2008. In different years
or with the VEU emission inventory the seasonal cycle looks similar. Figure reproduced from Mertens (2017).
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Figure S5: Box-whisker plot showing the contribution of the shipping and all other categories to ground-level ozone
(in %) at the 99th, 95th and 75th percentile of ozone. (a) and (b) show the relative contributions of Oshp

3 ; (c) and
(d) the relative contribution of all other sources (lightning, CH4, stratosphere, biomass burning, and N2O) to ozone.
The lower and upper end of the box indicates the 25th and 75th percentile, the bar the median, and the whiskers the
5th and 95th percentile of the contributions of all gridboxes within the indicated region. All values are calculated for
JJA of the period 2008 to 2010 and are based on 3-hourly model output. The data were transformed on a regular grid
with a resolution of 0.5◦ x 0.5◦ to allow for the regional analysis.
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Figure S6: Vertical distribution of the area averaged (box defined as 10◦ W-38◦ E and 30◦ N-70◦ E) relative contri-
butions of all tagged categories as simulated by (a) REF and (b) EVEU. All data are averaged for JJA 2008–2010.

MAC VEU

Figure S7: Comparison of NOx emission fluxes from the land transport sector (in kg (NO) m−2 s−1) between the
MAC (left), and VEU inventories. Values are averaged for May to August 2008.
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Figure S8: Annually averaged emission fluxes from the land transport sector (in kg m−2 s−1) (a) MAC and (b) VEU
emission inventories. Shown are the emissions of NOx (in kg NO), CO (in kg CO); and VOC (in kg C).
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Figure S9: Relative contribution (in %) of land transport emissions to all anthropogenic emissions for July 2008. (a)
shows the results for the MACCity emission inventory and (b) for the VEU emission inventory.
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Figure S10: Seasonal cycle of the absolute contribution of land transport emissions to the ozone column up to 850 hPa
(in DU).The black line indicates the mean contribution as simulated by CM50, averaged over the years 2008–2010 and
the two simulations (REF, EVEU ). The blue shading indicates the standard deviation with respect to time for the
years 2008 to 2010 for the EVEU simulation. The orange shading indicates the standard deviation with respect to
time between the 2008–2010 averaged seasonal cycles of the REF and the EVEU simulations.
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S1 Contributions in different regions

Tables S1 - Table S2 list the absolute an relative contributions to ground-level of the different tagging categories for
different geographical regions (see also Fig. 8) of the manuscript.

Table S1: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of the land transport emissions
to ground-level ozone for JJA and DJF 2008–2010 in different geographical regions. Results of the REF simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 8.8 4.2 8.7 3.9
British Isles 10.2 4.4 8.8 3.4
Iberian Peninsula 11.0 6.0 8.9 3.9
France 11.2 5.2 8.9 3.2
Mid Europe 13.1 5.8 8.8 2.6
Scandinavia 11.1 4.8 8.7 3.1
Northern Alps 13.7 7.0 9.0 6.7
Mediterranean 12.8 7.4 9.9 4.5
Eastern Europe 12.1 5.6 9.2 3.3
Po Valley 14.0 7.5 9.5 3.5

Table S2: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of the land transport emissions
to ground-level ozone for JJA and DJF 2008–2010 in different geographical regions. Results of the EVEU simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 9.1 4.2 8.7 4
British Isles 10.0 4.1 8.8 3.4
Iberian Peninsula 12.1 6.4 9.2 3.9
France 12.1 5.4 9.2 3.2
Mid Europe 14.3 5.9 9.1 2.7
Scandinavia 10.9 4.6 8.8 3.2
Northern Alps 15.8 7.7 9.3 3.7
Mediterranean 14.4 8.1 10.2 4.6
Eastern Europe 13.5 6.0 9.6 3.3
Po Valley 16.2 8.0 9.9 3.2
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Table S3: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of anthropogenic emissions
(anthropogenic non-traffic, shipping and aviation) to ground-level ozone for JJA and DJF 2008–2010 in different
geographical regions. Results of the REF simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 33.9 15.7 33.3 15.4
British Isles 32.5 13.9 32.9 12.8
Iberian Peninsula 32.3 17.8 33.6 14.8
France 32.6 15 33.4 11.9
Mid Europe 31.7 14 32.8 9.9
Scandinavia 30.5 13.3 32.1 11.4
Northern Alps 30.7 15.5 33 13.6
Mediterranean 32.6 18.9 35.7 16.4
Eastern Europe 29.9 13.8 33.4 11.8
Po Valley 31.0 16.6 34.3 12.6

Table S4: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of anthropogenic emissions
(anthropogenic non-traffic, shipping and aviation) to ground-level ozone for JJA and DJF 2008–2010 in different
geographical regions. Results of the EVEU simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 33.2 15.1 33.2 15.3
British Isles 31.6 12.9 32.8 12.8
Iberian Peninsula 30.3 16.0 33.1 14.2
France 30.5 13.5 33.0 11.7
Mid Europe 28.9 11.8 32.3 9.5
Scandinavia 29.6 12.5 31.8 11.6
Northern Alps 27.6 13.3 32.4 12.8
Mediterranean 29.6 16.7 34.7 15.6
Eastern Europe 27.0 11.9 32.6 11.3
Po Valley 28.1 13.8 33.5 11.0

Table S5: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of all other categories (categories
CH4, N2O, lightning, stratosphere, and biomass burning) to ground-level ozone for JJA and DJF 2008–2010 in different
geographical regions. Results of the REF simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 42.9 19.3 46.8 21.51
British Isles 42.0 17.4 47.12 18.27
Iberian Peninsula 37.9 20.7 46.2 20.14
France 38.4 17.7 46.6 16.5
Mid Europe 36.3 15.9 47.4 14.4
Scandinavia 42.7 18.1 48.1 17.2
Northern Alps 36.9 19.5 47.1 19.2
Mediterranean 35.3 20.5 43.5 19.8
Eastern Europe 38.6 17.8 46.5 16.5
Po Valley 36.1 19.2 45.3 16.6
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Table S6: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of all other categories (categories
CH4, N2O, lightning, stratosphere, and biomass burning) to ground-level ozone for JJA and DJF 2008–2010 in different
geographical regions. Results of the EVEU simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 43.3 19.2 46.9 21.6
British Isles 42.7 17.2 47.2 18.4
Iberian Peninsula 38.5 20.2 46.5 19.9
France 39.1 17.5 46.8 16.6
Mid Europe 37.4 15.1 47.6 14.1
Scandinavia 43.5 17.9 48.2 17.7
Northern Alps 37.4 18 47.4 18.6
Mediterranean 36.1 20.3 44.1 19.7
Eastern Europe 39.6 17.5 46.9 16.4
Po Valley 36.5 17.9 45.6 15.0

Table S7: Absolute (abs, in nmol mol−1) and relative contributions (relative, in %) of the biogenic category to
ground-level ozone for JJA and DJF 2008–2010 in different geographical regions. Results of the REF simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 14.4 6.6 11.2 5.0
British Isles 15.2 6.3 11.2 4.2
Iberian Peninsula 18.8 10.5 11.2 4.9
France 17.8 8.4 11 3.8
Mid Europe 18.8 8.3 11 3.3
Scandinavia 15.7 6.6 11.1 3.9
Northern Alps 18.8 9.6 10.9 4.4
Mediterranean 19.3 11.3 10.9 5
Eastern Europe 19.3 9 10.9 3.8
Po Valley 19.0 10.2 10.9 4.0

Table S8: Absolute (abs, in nmol/mol−1) and relative contributions (relative, in %) of the biogenic category to
ground-level ozone for JJA and DJF 2008–2010 in different geographical regions. Results of the EVEU simulation.

JJA DJF
relative (%) abs. (nmol/mol) relative (%) abs. (nmol/mol)

Inflow 14.5 6.5 11.2 5
British Isles 15.6 6.3 11.2 4.3
Iberian Peninsula 19.1 10.2 11.3 4.8
France 18.3 8.3 11 3.8
Mid Europe 19.5 8 11 3.2
Scandinavia 16 6.5 11.1 4
Northern Alps 19.2 9.4 10.9 4.2
Mediterranean 19.9 11.3 11 4.9
Eastern Europe 19.9 8.9 10.9 3.8
Po Valley 19.3 9.6 10.9 3.6
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S2 Model evaluation
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Figure S11: Probability density functions (PDFs) of observed and simulated ozone concentrations (in µgm−3) at all
considered Airbase stations. The observations were subsampled on the model output frequency (every 3 hours). (a)
shows the PDF considering all values (based on model output every 3 hours. (b) shows the PDF considering only
observations/model results at 12 and 15 UTC. (c) shows the PDF considering only observations/model results at 0, 3
and 6 UTC. Results of the REF simulation.
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S3 Definition of the regional subdomains

The definition of the ten geographical regions is given in Fig. S12. The names of the different regions is listed in
Table S9. The definition is largely based on the definition of the PRUDENCE regions (Christensen et al., 2007), but
we decompose their region ’Alps’ into ’Po Valley’ and ’Northern Alps’. In addition a region ’Inflow’ is defined.
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Figure S12: Geographical definition of the ten subdomains (black, 1–10) used for analyses. The three small regions
around the Alps which are greyed out are not analysed. The corresponding names are listed in Table S9.

Table S9: Name of the different geographical regions. The first row (Nr.) indicates the number of the domain as in
Fig. S12.

Nr. Name

1 Inflow
2 British Isles
3 France
4 Iberian Peninsula
5 Scandinavia
6 Mid Europe
7 Northern Alps
8 Po Valley
9 Mediterranean
10 Eastern Europe
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S4 Emission totals

The following Tables summaries the emissions of NOx, CO and VOCs from all anthropogenic and natural sources
applied in the different simulations. Please note, that for every specie only these emission sectors are given where
emissions occur. These sectors are:

• road t.: land transport emissions

• anth. nt: Anthropogenic non-traffic emissions

• shipping: Shipping emissions

• aviation: Aviation emissions

• Soil-NOx: NOx emissions from soils calculated by the model

• LNOX: Lightning NOx emissions

• AWB: Agricultural waste burning emissions

• BB : Biomass burning emissions

• biog.: Further biogenic emissions, not calculated by the model but prescribed as annual climatology

• biog. C5H8: Biogenic isoprene emissions, calculated by the model

Tables S10–S12 list the total emissions of EMAC for NOx, CO and VOC, respectively. Please note, that the
given total emissions for C5H8 from biogenic origin are scaled with 0.6 for EMAC (Jöckel et al., 2006) and 0.45 for
COSMO/MESSy (Mertens et al., 2016).

Table S10: Total emissions of NOx (in Tg a−1 in amount of NO) for EMAC. Given are the annual totals averaged the
years 2008 to 2010.

Simulation road t.
anth.
nt

shipping aviation
Soil
NOx

LNOX AWB BB Sum

REF 20.4 37.0 12.8 2.2 12.7 12.4 0.418 10.7 109
EVEU 20.4 37.0 12.8 2.2 12.7 12.4 0.418 10.7 109

Table S11: Total emissions of CO (in (in Tg a−1) for EMAC. Given are the annual totals averaged the years 2008 to
2010.

Simulation road t.
anth.
nt

shipping AWB biog. BB Sum

REF 149 415 1.34 20.3 113 406 1100
EVEU 149 415 1.34 20.3 113 406 1100
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Table S12: Total emissions of VOC (in Tg a−1 in amount of C) for EMAC. Given are the annual totals averaged the
years 2008 to 2010.

Simulation road t.
anth.
nt

shipping biog. C5H8 AWB biog. BB Sum

REF 17.4 73.4 2.30 282 0.943 108 14.5 498
EVEU 17.4 73.4 2.30 282 0.943 108 14.5 498

Table S13: Total emissions of NOx (in Tg in amount of NO) for CM12. Given are the annual totals for the May to
August 2008.

Simulation road t.
anth.
nt

shipping aviation
Soil
NOx

LNOX AWB BB Sum

REF 0.342 0.335 0.0333 0.0642 0.167 0.0456 0.000761 0.00361 0.988
EVEU 0.441 0.277 0.0263 0.0555 0.167 0.0456 0.000761 0.00361 1.01

Table S14: Total emissions of CO (in Tg) for CM12. Given are the annual totals for the May to August 2008.

Simulation road t.
anth.
nt

shipping AWB biog. BB Sum

REF 1.27 1.41 0.00348 0.0333 4.81 0.12 7.65
EVEU 1.18 0.842 0.000719 0.0333 4.81 0.12 6.98

Table S15: Total emissions of VOC (in Tg in amount of C) for CM12. Given are the annual totals for the May to
August 2008.

Simulation road t.
anth.
nt

shipping biog. C5H8 AWB biog. BB Sum

REF 0.141 0.538 0.00413 0.423 0.0111 0.372 0.00516 1.49
EVEU 0.143 0.383 0.00175 0.423 0.0111 0.372 0.00516 1.34
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S5 Ozone production and loss terms

The diagnosed production (ProdO3) and loss rates (LossO3) of ozone as analysed in the manuscript follow the definition
of production and loss of the odd oxygen family as used in the TAGGING submodel (see Grewe et al., 2017). Compared
to other definitions of production and loss rates of tropospheric ozone our definition takes also the production of ozone
by photolysis of oxygen into account. For diagnosing the production and loss rates the TAGGING submodel uses
diagnostic tracers in MECCA (Sander et al., 2011). Table S16 lists the names of the four diagnostic ozone production
and the five diagnostic ozone loss tracers. The summed tendencies from all ’o3prod*’ tracers are defined as ProdO3
and the sum of the tendencies from all ’o3loss’ tracers are defined as LossO3. Please note, that the tendency from the
tracer o3prodo2 is multiplied with a factor of two, as the reaction leads to two O1D molecules. All reactions which
are considered as source/loss of odd oxygen are marked with the name of the respective diagnostic tracer on the right
hand side in Tables showing the chemical mechanism (which is also part of the Supplement).

Table S16: Names of the diagnostic ozone production/and loss tracers.

Prodo3 LossO3

o3prodro2 o3lossho2
o3prodho2 o3lossoh
o3prodo2 o3lossro
ProdMeO2 o3lossno

o3lossxo
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