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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 km? resolution nudged to NCEP winds using a pressure-dependent
nudging technique (Lin et al., 2012). Analysis of long-term observations indicate
that GFDL-AMS3 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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Figure S1: Models versus measurements
sites. Annual average concentrations and correlations are tabulated in the paper.
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Figure S2: Western and central Europe models versus measurements of CO in ppb.
Annual average concentrations and correlations are tabulated in the paper.
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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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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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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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Figure S6: Eastern Europe models versus measurements of ozone in ppb. Annual
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HTAP&MODELLIST=HTAP-phaseIl. Measurement data originally downloaded from
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Figure S8: Model calculated Oj 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.
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Figure S9: Model calculated Oj 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

anels.
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Figure S10: Model calculated Oz 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.
13



a) Haut Provence b) Uccle c) De Bilt
T T T T | L T
b \ bl ~Z
AT /--- -Obs: NDACE: Ozong-Sonde 2010.. 100} -t NDACG Ozone-Sonde.2010.. 0 - 1. Qs NDAGG Ozone Sonde 2010-
T / CAMchem BASE2010 | g ™| GAMchem BASE2010 7 | ! CAMchem BASE 2010 |
L | / BUEP U BIEAND | C HIEP EBISEAND L | EMEP U BIE 210 |
I GEOSCHEMADJONT BASE1 o | GEOSCHEMADJOINT BASE | ¢ GEOSCHEMADJOINT BASE | %
; i He XN | 3 A ] e 050N L.
% 600 Fof profles:10- § 80 ot profles: 37 % 600 f #ofpmmes:ﬂ'g
P / I B // I
i / i 0 / ¢
L / L | L 1
) lo 8 :
L /// soosonel /& L soasandl - § L / seasondl é
10001 [ ! L1 _z 1000 ! L iz 000 [ ! L1 )
00 500 1000 1500 200 00 500 1000 1500 00 00 500 1000 1500 200
fen 0160727 VMRAD 03 [ppb] e PEROCON e 20160727 VMR3D_03 [ppb] o8RG Row 01502 VIIRAD 03 [ppb] e FEROCON
d) Praha e) Legionovo f) Hohenpeissenberg
UL B L L ™ L L
0 0 0
T—— 0 Y - / ..0bs:NDACG Ozone Sonde 2010 - sl e Qb NDAGE. Oz0ne-Sonde-2010..
40 ] 0 &
T ChlVchem BASE2D0 | 5 ™| / CAcha BASE2010 . 7 CAchem BASE 2010 |
L EVEP U BRE20M0 | ¢ i EEP pUBISE 0D L | EEP g BE 2010
¢ L GEOSCHEMADJONT BASE| ¢ | / GEOSCHEMADJOINT BASE . ¢ { GEOSCHEMADJOINT BASE | %
: / s 00MAY | ‘ e 008N 3 | / date: 2010 50N | ¢
i 60 / I ot profles: 22 g 80 i Fofprofles:12- g 60 / #ofpofies:30°
L. 1Tt ] | I 1%
‘ f ‘ / - / I
) t 1] i 1) 7 ¢
L L L -L
/ / ¢
L seasonel | L seasondl L seasonel |
/ i / ‘8 i
1000 L L _z 1000 1 iz 1000 _z
00 500 1000 1500 200 00 500 1000 1500 2000 00 500 1000 1500 200
e 20160727 VMRAD 03 [ppb] s PEROCON e 2016077 VMR3D_03 [ppb] o EROCC Row 015027 VIIRAD 03 [ppb] e FEROCON
g) Summit h) Sodankyla i) Ny Alesund
T T T | T T
0 M O NDACC Oz0m- S0l 2010- = 7. Obs: NDACC Ozone Sonde-2010- 0 Qb NDAGC. Ozone-Sonde-2010--
T ! CAMcem BASE2I0 | 7 | / Chlchem BASE2010 . _ CAMcnem BASE 2010 |
L ] EEP A BIERI0] € / EIEP MEBASEQD) T L / EEP A BASE 20 ]
¢ L | GEOSCHEMADJONTBASE 1§ ¢ | GEOSCHEMADJOINT BASE | & L GEOSCHEMADJOINT BASE |
E | HEADSN[E 3 QSN 3 | G A00N | £
i 600 I #otprofles 13- £ g 800 #ofprofles: 10- { 600 ‘y / #otpofies 13- §
P J L e[ i / §
{1 L |
L i L L 4
) ER- U 80 i ¢
L 1¥ L L J g
I | | 13
L seasonel [ L seasond 13 A seasondl 13
. . . .2 1000 | L1 1000 [ BN BN [
00 500 1000 1500 200 00 500 1000 1300 €00 00 500 1000 1500 200
e 00727 VNIR3D_03 [ppb] souce JEROCON e, 20150727 VNIR3D_03 [ppb] s AEROCC R 005727 VIIR3D_03 [ppb] snute: JEROCON

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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Figure S12: Top, annually averaged OH in ppt between 30 and 60 degrees north for
the four models: EMEP _rv4,8, CAMCHEM, OsloCTM3, CHASER rel. b,c,d,e are
difference between average OH and the same four models.
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