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In this supplementary material we include additional tables and figures not in-
cluded in the paper. Table 1 provides basic information and references to the HTAP2
models included in this study. The models are a subset of the HTAP2 models listed
and described in Stjern et al. (2016). Since then additional model result have also
been provided for the GFDL AM3 model (uploaded to the HTAP2 database in raw
format), raising the number of models to 8. The GFDL AM3 simulations for HTAP2
include interactive stratospheric and tropospheric aerosols and chemistry at approx-
imately 100x100 km2 resolution nudged to NCEP winds using a pressure-dependent
nudging technique (Lin et al., 2012). Analysis of long-term observations indicate
that GFDL-AM3 captures the impacts of rising Asian emissions and intercontinen-
tal transport on free tropospheric and surface ozone trends over North America and
Europe during the past few decades (Lin et al., 2015, Lin et al., 2017).

In addition we include comparisons of model results with surface and sonde
measurements. In the paper the main focus is on Europe, and this is also reflected
in the selection of measurement sites.

Below we also compare model results to measurements at mountain sites. These
results should be interpreted with caution as the height of the measurement sites
will be well above the model surface for all models. Elevation will also differ between
the models depending on vertical and horizontal resolution and model topography.
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CO Mountain sites

a) Summit, Greenland b) Hohenpeisenberg, Germany

c) Jungfraujoch, Switzerland d) Zugspitze, Germany

e) Rigi, Switzerland

CO Atlantic

f) Heimaey, Iceland g) Mace Head, Ireland

Figure S1: Models versus measurements of CO in ppb at mountain and Atlantic
sites. Annual average concentrations and correlations are tabulated in the paper.
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CO Western and central Europe

a) Kollumerwaard, Germany b) Neuglobsow, Germany

c) Ochsenkopf, Germany d) Schauinsland, Germany

e)Payerne, Switzerland
Figure S2: Western and central Europe models versus measurements of CO in ppb.
Annual average concentrations and correlations are tabulated in the paper.

5



CO Southern and eastern Europe

a) Hegyhatsal, Hungary b) Krvavec, Slovenia

c) Lampedusa, Italy d) Izana, Spain

Figure S3: Eastern and southern Europe and Models versus measurements of CO
in ppb. Annual average concentrations and correlations are tabulated in the paper.
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Ozone Western and northern Europe

a) Heimaey, Iceland b) Summit, Greenland

c) Mace Head, Ireland d) Vindeln, Sweden

e) Dobele, Latvia f) Zoseni, Latvia

g) Rucava, Latvia
Figure S4: Western and northern Europe models versus measurements of ozone in
ppb. Annual average concentrations and correlations are tabulated in the paper.
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Ozone Central Europe

a) Kollumerwaard, Germany b) Neuglobsow, Germany

c) Westerland, Germany d) Schauinsland, Germany

e) Zingst, Germany f) Waldhof, Germany

g) Payerne, Switzerland

Figure S5: Central Europe models versus measurements of ozone in ppb. Annual
average concentrations and correlations are tabulated in the paper.
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Ozone Eastern Europe

a) Kosetice, Czech Republic b) K Puszta, Hungary

c) Zavodnje, Slovenia d) Iskrba, Slovenia

Figure S6: Eastern Europe models versus measurements of ozone in ppb. Annual
average concentrations and correlations are tabulated in the paper.
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a) IFS2 b) CAMchem

c) CHASER re1 d) EMEP

e) OsloCTM3 f) GEOS-Chem

Figure S7: O3 annual scatter plots in ppb processed by use of the AEROCOM tool,
see http://aerocom.met.no/cgi-bin/aerocom/surfobs_annualrs.pl?PROJECT=

HTAP&MODELLIST=HTAP-phaseII. Measurement data originally downloaded from
EBAS, http://ebas.nilu.no/Default.aspx. Measured: x-axis, modelled: y-axis.
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a) Haut Provence b) Uccle c) De Bilt

d) Praha e) Legionovo f) Hohenpeissenberg

g) Summit h) Sodankyla i) Ny Ålesund

Figure S8: Model calculated O3 vertical profiles versus ozone sondes averaged for
the winter months December, January and February. The Model calculated vertical
ozone are calculated based on the approximate same dates and times as the sonde
measurements. The number of sonde measurements included for each site is listed
in the panels.

11



a) Haut Provence b) Uccle c) De Bilt

d) Praha e) Legionovo f) Hohenpeissenberg

g) Summit h) Sodankyla i) Ny Ålesund

Figure S9: Model calculated O3 vertical profiles versus ozone sondes averaged for
the spring months March, April and May. The Model calculated vertical ozone are
calculated based on the approximate same dates and times as the sonde measure-
ments. The number of sonde measurements included for each site is listed in the
panels.
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a) Haut Provence b) Uccle c) De Bilt

d) Praha e) Legionovo f) Hohenpeissenberg

g) Summit h) Sodankyla i) Ny Ålesund

Figure S10: Model calculated O3 vertical profiles versus ozone sondes averaged
for the summer months June, July and August. The Model calculated vertical
ozone are calculated based on the approximate same dates and times as the sonde
measurements. The number of sonde measurements included for each site is listed
in the panels.
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a) Haut Provence b) Uccle c) De Bilt

d) Praha e) Legionovo f) Hohenpeissenberg

g) Summit h) Sodankyla i) Ny Ålesund

Figure S11: Model calculated O3 vertical profiles versus ozone sondes averaged for
the autumn months September, October and November. The Model calculated
vertical ozone are calculated based on the approximate same dates and times as the
sonde measurements. The number of sonde measurements included for each site is
listed in the panels.
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a) Annual average OH

b) average - EMEP OH b) average - CAMchem OH

d) average - OsloCTM3 OH e) average - CHASER OH

Figure S12: Top, annually averaged OH in ppt between 30 and 60 degrees north for
the four models: EMEP rv4,8, CAMCHEM, OsloCTM3, CHASER re1. b,c,d,e are
difference between average OH and the same four models.
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