Supplementary Tables

Table S 1: Selection of effective Henry law coefficients (H") used in TM5-MP for the MOGUNTIA chemical scheme.

Trace gas H* (M atm™) AH R (K) Reference
CH300H, n-CsH700H, i-CsH700H, CH;COCH20H, C4HyOOH, MEKOOH,

ISOPOOH, MVKOOH, MACROOH 29x10° 5200 !
CH30NO:, 2.0 4700 1
CH300NO2 2.0 4700 1
HCHO 3.2x10° 6800 1
CH;OH 2.0x 10? 5600 1
HCOOH 8.8 x 10° 6100 1
CH3;CH.00H 33 6000 1
CH3CH20NOz 1.6 5400 1
HOCH2CH.O0H 1.7x 10° 9700 1
HOCH2CH20NO2 3.9x 10* 1
CH3;CHO 13 5900 1
CH3COOH 8.3 x 10? 5300 1
HOCH2CHO 4.1x10* 4600 1
CHOCHO 4.19x10° 7500 1
CH3;CH.OH 190 6400 1
CH3COOH 4.0x 103 6200 1
n-CsH70NO2 1.1 5500 1
i-C3H70NO2 0.78 5400 1
HOC;Hs«OOH 1.7x 10° 9700 1
CH3COCH3 27 5500 1
CH3;CH2CHO 9.9 4300 1
CH3COCHO 3.2x10° 7500 1
CH3C(0)COOH 3.1x10° 5100 1
C4HyONO2 1 5800 1
MEK 18 5700 1
MEKONO:> 0.7 5200 1
CH3COCOCH; 73 5700 1
ISOPONO,, MACRONO;, MVKONO: 1.7 x 10* 9200 2
IEPOX 9.1 x 10* 6600 3
HPALD 23 1
MVK 26 4800 1
MACR 4.8 4300 1

! Sander (2015) and references therein
2 Tto et al. (2007) for all biogenic hydroxy nitrates
3 Browne et al. (2014), as for H20,



Table S 2: Soil, water, snow/ice and mesophyl resistances (s m™) used in TMS5-MP for the CB05 and MOGUNTIA chemical schemes.

Trace gas I'soil Iwat T'snowlice T'mes Teut
03 400 2000 2000 1 10°
Cco 5000 10° 10° 5000 10°
NO 10° 10° 10° 500 10°
NO2/NO3 600 3000 3000 1 10°
HNO3/N2Os 1 1 1 1 1
H>0,, IEPOX 80 72 80 1 10°
SO 100 1 1 1 10°
CH3;0NO;, CH300NO2, CH3C(O)OONOg, n-C3H70NOo,
i-C3H70NO2, C4HyONO2, MEKONO2, ISOPONO> 3994 29 3394 ! o
CH;CHO, C.HsCHO, CH3C(O)CHs, CH;C(O)C(O)CHs,

10° 300 10° 200 10°

HOCH2C(O)CHs, MEK, MVK, MACR, HPALD

HCHO, CH3;COCHO, CHOCHO, HOCH2CHO, 1666 254 1666 1 10°
CH300H, CH;0H, HCOOH, CH3;CH.O0H, CH3;CH.OH, CH3;COOH, n-

C;H,00H, i-C;H700H, CH3C(O)CH200H,

3650 293 3650 1 105
n-CsH;00H, i-C;H,00H, HOC;HsOOH, CH;C(0)COOH, C4HsO0H,
MEKOOH, MVKOOH, MACROOH, CH;C(O)OOH, ISOPOOH
NH; 100 1 105 1 105




Table S 3: TMS-MP performance calculations of the mCBO0S(EBI), mCB05(KPP) and MOGUNTIA configurations for the different components, i.e
transport (advection in the x-, y- and z-directions along with the vertical transport), the chemistry as well as all other procedures contribution
simulated years per day (SYPD), and the core-hours per simulated years (CHPSY) using a) 360 cores, and b) 450 cores. Timings are in seconds
changes are in %. In parentheses, the runtime and the SYPD without the meteorology reading are also presented. All simulations have been perfor
in the ECMWF CRAY XC40 high-performance computer facility.

a)
360 cores Transport
Chemistry Other Runtime SYPD C
Configuration Advy Advy Adv, Vertical Total
CBO05(EBI) 1322 948 165 364 2799 3338 3925 10062 (6723) 0.73 (1.10) 1
CBO05(KPP) 1312 934 165 362 2773 5301 4222 12296 (9105) 0.60 (0.81) 1
MOGUNTIA 1892 1303 233 527 3955 8230 4680 16865 (13556) 0.44 (0.54) 2
% solver changes -1% -1% 0% -1% -1% -1% 59% 8% (35%) -18% (-26%)
% chemistry scheme changes 44% 40% 41% 46% 43% 43% 55% 11% (49%) -27% (-33%)
b)
450 cores Transport
Chemistry Other Runtime SYPD C
Configuration Advy Advy Adv, Vertical Total
CBO05(EBI) 1268 860 138 292 2558 2639 3687 8884 (5696) 0.83 (1.30) 1
CBO05(KPP) 1292 853 133 300 2578 4320 4079 10977 (7733) 0.67 (0.95) 1
MOGUNTIA 1806 1126 193 423 3548 6526 4376 14450 (11211) 0.51 (0.65) 2
% solver changes 2% -1% -4% 3% 1% 64% 11% 24% (36%) -19% (-27%)
% chemistry scheme changes 40% 32% 45% 41% 38% 51% 7% 32% (45%) -24% (-32%)
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Supplementary Equations

Statistics Formulas: Correlation coefficient (R; Eq. S1), mean normalized bias (MNB; Eq. S2), root mean square error (RMSE;
Eq. S3), mean normalized error (MNE; Eq. S4) and standard error (STD; Eq. S5) values have been calculated to compare the
model calculations, where O; and P; stand for observations and predictions respectively and N is the number of pairs (observations,

predictions) that are compared.
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Supplementary Figures
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Figure S1: Comparison of simulated a) tropospheric NO; columns with OMI retrievals from the QA4ECV dataset and b)
simulated total CO columns with MOPITT retrievals (vers. MOP02J_V008) for the year 2006. Green, orange, and blue bars show
the comparison of OMI with the MOGUNTIA, mCB05(KPP), and mCBO05(EBI) chemistry mechanisms, respectively: Pearson
correlation coefficient (top left), root mean square error (top right), mean bias (measurement minus model, bottom left), and
normalized mean bias (measurement minus model, bottom right) are given for both daily (D) and yearly (Y) averages per model
grid cell.
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MOGUNTIA: R=0.75, BIAS=11.9 ppb, NME=42.4 % MOGUNTIA: R=0.90, BIAS=5.7 ppb, NME=18.8 % MOGUNTIA: R=0.76, BIAS=0.8 ppb, NME=12.6 %
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mCBOS(EBI): R=0.91, BIAS=-1.1 ppb, NME=10.7 % mCBOS(EBI): R=0.56, BIAS=8.0 ppb, NME=24.4 % mCBO5(EBI): R=0.82, BIAS=7.7 ppb, NME=20.8 %
100 [mcBOS5(KPP): R=0.90, BIA 6 ppb, NME=14.0 % 1 100 [mcBos(kpP): R=0.54, BIAS=6.5 ppb, NME=22.3 % 100 [mcBos(kPP): R=0.81, BIAS=6.1 ppb, NME=16.5 %
MOGUNTIA: R=0.89, BIAS=-2.9 ppb, NME=11.2 % MOGUNTIA: R=0.53, BIAS=7.5 ppb, NME=23.2 % MOGUNTIA: R=0.79, BIAS=6.8 ppb, NME=18.7 %
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aq) Cabo De Creus, Spain ar) Barcarrola, Spain as) Zarra, Spain
(42°N, 3°E) (39°N, 7° W) (39N, 1° W)
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mCBOS(EBI) 79, BIAS=5.2 ppb, NME=14.6 % mCBOS(EBI): R=0.94, BIAS=13.5 ppb, NME=41.5 % mCBOS5(EBI): R=0.66, BIAS=5.6 ppb, NME=17.0 %
100 [mcBos(KPP): R=0.79, BIAS=3.6 ppb, NME=11.1 % - 100 [mcBos(KPP): R=0.93, BIAS=11.7 ppb, NME=36.0 % 100 [mcBos(KPP): R=0.65, BIAS=3.8 ppb, NME=16.3 %
MOGUNTIA: R=0.75, BIAS=4.2 ppb, NME=13.7 % MOGUNTIA: R=0.89, BIAS=12.2 ppb, NME=37.6 % MOGUNTIA: R=0.63, BIAS=4.3 ppb, NME=17.8 %
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at) Penausende, Spain au) Els Torms, Spain av) Risco Llamo, Spain
(41°N, 5° W) (41°N, 0°E) (39°N, 4°W)
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ImCBOS(EBI): R=0.80, BIAS=12.1 ppb, NME=34.0 % MCBOS(EBI): R=0.91, BIAS=9.1 ppb, NME=23.7 % mCBOS(EBI): R=0.83, BIAS=7.4 ppb, NME=20.5 %
100 [mcBOS(KPP): R=0.78, BIAS=10.4 ppb, NME=29.3 % 100 |mceos(kPP): R=0.90, BIAS=7.5 ppb, NME=19.9 % — 100 [mcBos(KPP): R=0.81, BIAS=5.6 ppb, NME=18.3 % *
MOGUNTIA: R=0.80, BIAS=11.1 ppb, NME=31.3 % MOGUNTIA: R=0.88, BIAS=8.1 ppb, NME=22.7 % MOGUNTIA: R=0.83, BIAS=6.1 ppb, NME=20.9 %
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aw) O Savinao, Spain ax) Uto, Finland ay) Virolahti li, Finland
(44°N, 8°W) (60° N, 22° E) (61°N, 27°E)
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mCBOS(EBI): R=0.48, BIAS=11.1 ppb, NME=38.3 % MCBOS(EBI): R=0.90, BIAS=-2.0 ppb, NME=7.7 % mCBOS(EBI): R=0.81, BIAS=5.2 ppb, NME=17.9 %
100 [mCcBOS(KPP): R=0.46, BIAS=9.7 ppb, NME=34.8 % 100 [rmcBos(kPP): R=0.89, BIAS=-2.7 ppb, NME=9.0 % 1 100 |mcBo5(KPP): R=0.80, BIAS=4.6 ppb, NME=16.5 % *
MOGUNTIA: R=0.42, BIAS=10.8 ppb, NME=37.1 % MOGUNTIA: R=0.79, BIAS=-1.4 ppb, NME=9.1 % MOGUNTIA: R=0.84, BIAS=5.9 ppb, NME=20.4 %
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az) Oulanka, Finland ba) Sammaltunturi, Finland bb) Donon, France
(66° N, 29° E) (687N, 24° E) (48°N, 7° E)
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mCBOS(EBI): 44, BIAS=2.0 ppb, NME=21.7 % 31, BIAS=-1.8 ppb, NME=15.8 % 0.77, BIAS=2.2 ppb, NME=14.3 %
100 [mcBOS(KPP): R=0.44, BIAS=1.6 ppb, NME=21.2 % 100 [rmceos(kep): .32, BIAS=-2.2 ppb, NME=15.5 % 1 100 [mcBo5(KPP): R=0.77, BIAS=1.5 ppb, NME=14.0 %
MOGUNTIA: R=0.58, BIAS=2.8 ppb, NME=17.8 % MOGUNTIA: R=0.50, BIAS=-1.0 ppb, NME=12.6 % MOGUNTIA: R=0.70, BIAS=3.2 ppb, NME=18.3 %
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bc) Revin, France bd) Morvan, France be) Iraty, France
(49°N, 4° E) (47°N, 4°E) (43°N, 1°W)
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mCBOS(EBI): R=0.70, BIAS=12.4 ppb, NME=44.7 % mCBOS(EBI): R=0.64, BIAS=8.9 ppb, NME=26.9 % mCBOS5(EBI): R=0.69, BIAS=-3.7 ppb, NME=13.1 %
100 [mcBOS5(KPP): R=0.70, BIAS=11.7 ppb, NME=42.4 % 100 [mcBos(kPP): R=0.63, BIAS=8.1 ppb, NME=24.8 % * 100 [mcBos(kPP): R=0.69, BIAS=-5.2 ppb, NME=15.5 % 1
MOGUNTIA: R=0.68, BIAS=13.5 ppb, NME=49.3 % MOGUNTIA: R=0.60, BIAS=9.7 ppb, NME=29.9 % MOGUNTIA: R=0.61, BIAS=-4.2 ppb, NME=14.1 %
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mCBOS(EBI) 83, BIAS=11.9 ppb, NME=39.7 % mCBOS(EBI): R=0.65, BIAS=14.1 ppb, NME=50.2 % mCBO5(EBI): R=0.77, BIAS=16.1 ppb, NME=58.6 %
100 [mcBo5(KPP): R=0.84, BIAS=10.4 ppb, NME=34.7 % 100 [mcBos(KPP): R=0.64, BIAS=13.3 ppb, NME=47.2 % — 100 [-mcBos(KPP): R=0.76, BIAS=15.2 ppb, NME=55.5 % —
MOGUNTIA: R=0.83, BIAS=11.4 ppb, NME=38.1 % MOGUNTIA: R=0.60, BIAS=14.9 ppb, NME=53.2 % MOGUNTIA: R=0.67, BIAS=16.7 ppb, NME=60.6 %
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Le Casset, France

bi)

bj)

Montfranc, France

bk)

Eskdalemuir, United Kingdom
5

(45°N, 6° E) (45°N, 2°E) 6°N, 3° W)
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mCBOS(EB): R=0.62, BIAS=-4.9 ppb, NME=15.6 % MCBOS(EBI): R=0.53, BIAS=5.6 ppb, NME=17.5 % mCBOS(EBI): R=0.51, BIAS=9.3 ppb, NME=32.8 %
100 [mcBOS(KPP): R=0.62, BIAS=-5.9 ppb, NME=16.8 % 1 100 [mcBos(kPP): R=0.53, BIAS=4.6 ppb, NME=16.5 % * 100 [mcBos(kPP): R=0.49, BIAS=8.5 ppb, NME=30.1 % 1
MOGUNTIA: R=0.67, BIAS=-4.7 ppb, NME=13.7 % MOGUNTIA: R=0.51, BIAS=5.8 ppb, NME=16.1% MOGUNTIA: R=0.56, BIAS=10.1 ppb, NME=34.7 %
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bl) Lough Navar, United Kingdom bm) Yarner Wood, United Kingdom bn) High Muffles, United Kingdom
(55N, 82 W) (517N, 4° W) (54° N, 1° W)
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mCBOS(EB): R=0.50, BIAS=15.3 ppb, NME=64.5 % MCBOS(EBI): R=0.43, BIAS=9.1 ppb, NME=31.2 % mCBOS(EBI): R=0.33, BIAS=12.8 ppb, NME=48.1 %
100 [mcBOS(KPP): R=0.48, BIAS=14.4 ppb, NME=60.7 % 1 100 [mcBos(kPP): R=0.43, BIAS=8.4 ppb, NME=29.4 % * 100 [mcBos(kPP): R=0.35, BIAS=12.0 ppb, NME=45.1 % 1
MOGUNTIA: R=0.62, BIAS=16.1 ppb, NME=67.9 % MOGUNTIA: R=0.54, BIAS=10.4 ppb, NME=34.7 % MOGUNTIA: R=0.45, BIAS=13.8 ppb, NME=52.1 %
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bo) Aston Hill, United Kingdom

Bush, United Kingdom

bq) Great Dun Fell, United Kingdom

(52° N, 4° W) (56° N, 32 W) (54° N, 2° W)
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mMCBOS(EBI): R=0.32, BIAS=5.8 ppb, NME=23.4 % MCBOS(EBI): R=0.50, BIAS=9.4 ppb, NME=32.9 % mMCBOS(EBI): R=0.43, BIAS=7.8 ppb, NME=25.9 %
100 [mcBo5(KPP): R=0.30, BIAS=5.0 ppb, NME=22.3 % * 100 [rmceos(kep): .48, BIAS=8.6 ppb, NME=30.3 % — 100 [mcBo5(KPP): R=0.41, BIAS=6.9 ppb, NME=23.6 % *
MOGUNTIA: R=0.16, BIAS=7.0 ppb, NME=23.2 % MOGUNTIA: R=0.58, BIAS=10.1 ppb, NME=35.0 % MOGUNTIA: R=0.37, BIAS=8.7 ppb, NME=27.9 %
80 |- = 80 | — 80 |- =
g g
2 2
5 5
60 |- - § 60| -1 ¢ 60 *
s S
] ]
S S
a0 4w} 4 s} + E
tis3 §is
20 |- * 20 | 20 |- *
0 o L L o L L

J FMAM] )

Harwell, United Kingdom
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(51°N, 1° W) (54°N, 1° W) (51°N, 0° E)
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mCBOS(EBI): R=0.55, BIAS=13.7 ppb, NME=51.9 % mCBOS(EBI): R=0.58, BIAS=15.5 ppb, NME=64.6 % mCBO5(EBI): R=0.37, BIAS=12.1 ppb, NME=43.0 %
100 [mcBOS5(KPP): R=0.54, BIAS=13.0 ppb, NME=49.1 % 1 100 [mcBos(kpP): R=0.56, BIAS=14.7 ppb, NME=61.0 % * 100 [incBo5(KPP): R=0.37, BIAS=11.3 ppb, NME=40.4 % 1
MOGUNTIA: R=0.51, BIAS=15.0 ppb, NME=56.9 % MOGUNTIA: R=0.64, BIAS=16.4 ppb, NME=68.4 % MOGUNTIA: R=0.17, BIAS=13.4 ppb, NME=47.8 %
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Sibton, United Kingdom
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mCBOS(EBI) 67, BIAS=13.7 ppb, NME=52.0 % mCBOS(EBI): R=0.28, BIAS=7.8 ppb, NME=29.1 % mCBOS5(EBI): R=0.70, BIAS=12.9 ppb, NME=47.2 %
100 [mcBOS5(KPP): R=0.67, BIAS=12.9 ppb, NME=49.0 % — 100 [mcBos(kpP): R=0.27, BIAS=7.1 ppb, NME=27.0 % — 100 [-mcBos(KPP): R=0.67, BIAS=12.1 ppb, NME=44.3 % —
MOGUNTIA: R=0.71, BIAS=14.9 ppb, NME=56.5 % MOGUNTIA: R=0.39, BIAS=9.2 ppb, NME=28.4 % MOGUNTIA: R=0.64, BIAS=14.1 ppb, NME=51.6 %
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IMCBOS(EBI): R=0.73, BIAS=13.0 ppb, NME=48.0 % mCBOS(EBI): R=0.52, BIAS=12.3 ppb, NME=44.2 % InCBOS(EBI): R=0.60, BIAS=2.8 ppb, NME=14.8 %
[MCBOS(KPP): R=0.73, BIAS=12.2 ppb, NME=45.1 % 1 100 [mcBos(kpP): R=0.51, BIAS=11.5 ppb, NME=41.4 % — 100 [mcBos(kPP): R=0.57, BIAS=2.1 ppb, NME=14.5 % 1
MOGUNTIA: R=0.74, BIAS=14.2 ppb, NME=52.4 % MOGUNTIA: R=0.38, BIAS=13.5 ppb, NME=48.5 % MOGUNTIA: R=0.55, BIAS=3.4 ppb, NME=16.3 %
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Valentia Observatory, Ireland cb) Mace Head, Ireland cc) Montelibretti, Italy
(527N, 10° W) (53N, 97 W) (42°N, 12°E)
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ImCBOS(EBI): R=0.01, BIAS=4.5 ppb, NME=23.2 % MCBOS(EBI): R=0.24, BIAS=2.2 ppb, NME=19.0 % mCBOS(EBI): R=0.92, BIAS=19.5 ppb, NME=76.5 %
['CBOS(KPP): R=-0.02, BIAS=3.7 ppb, NME=22.3 % 1 100 [mcBos(kpP): R=0.21, BIAS=1.4 ppb, NME=18.1 % * 100 [mcBos(kpP): R=0.92, BIAS=17.9 ppb, NME=70.2 % 1
MOGUNTIA: R=0.06, BIAS=5.7 ppb, NME=19.7 % MOGUNTIA: R=0.32, BIAS=3.3 ppb, NME=15.3 % MOGUNTIA: R=0.89, BIAS=18.6 ppb, NME=72.9 %
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Ispra, Italy ce) Preila, Lithuania cf) Rucava, Latvia
(45°N, 8°E) (55°N, 21° E) (56°N, 21° E)
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mCBOS(EBI): 79, BIAS=24.4 ppb, NME=122.3 % mCBOS(EBI): 75, BIAS=5.8 ppb, NME=19.7 % mCBOS5(EBI): R=0.36, BIAS=16.2 ppb, NME=72.8 %
[CBOS(KPP): R=0.79, BIAS=23.4 ppb, NME=117.4 % 100 [mcBos(KPP): R=0.75, BIAS=4.9 ppb, NME=17.5 % * 100 [mcBos(kPP): R=0.33, BIAS=15.3 ppb, NME=69.0 % 1
MOGUNTIA: R=0.80, BIAS=24.6 ppb, NME=123.6 % MOGUNTIA: R=0.83, BIAS=6.6 ppb, NME=19.9 % MOGUNTIA: R=0.15, BIAS=16.9 ppb, NME=76.1 %
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Lazaropole, North Macedonia ch) Giordan Lighthouse, Malta ci) Kollumerwaard, The Netherlands
(41°N, 20°E) (36°N, 14°E) (53”N, 6° E)
T T T T T T T T T T T 20T T T T T T T T T T 0T T T T T T T T T T
mCBOS(EBI): R=0.40, BIAS=-12.8 ppb, NME=21.8 % mCBOS(EBI): R=0.68, BIAS=6.3 ppb, NME=23.4 % mCBOS5(EBI): R=0.81, BIAS=13.8 ppb, NME=54.0 %
['CBOS(KPP): R=0.38, BIAS=-14.4 ppb, NME=24.4 % 100 [mcBos(kpP): R=0.65, BIAS=3.6 ppb, NME=23.8 % * 100 [mcBos(kPP): R=0.80, BIAS=13.0 ppb, NME=50.7 % 1
MOGUNTIA: R=0.41, BIAS=-13.8 ppb, NME=22.9 % MOGUNTIA: R=0.68, BIAS=4.5 ppb, NME=21.7 % MOGUNTIA: R=0.81, BIAS=14.9 ppb, NME=58.1 %
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Vredepeel, The Netherlands
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Tustervatn, Norway

(52°N, 6°E) (58”N, 8”E) (65°N, 13°E)
T T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
mCBOS(EBI) 69, BIAS=20.3 ppb, NME=102.7 % mMCBOS(EBI): R=0.76, BIAS=5.0 ppb, NME=16.2 % mCBO5(EBI): R=0.25, BIAS=-0.7 ppb, NME=23.0 %
[MCBOS(KPP): R=0.68, BIAS=19.5 ppb, NME=98.7 % - 100 [mcBos(KPP): R=0.75, BIAS=4.3 ppb, NME=14.8 % - 100 [mcBo5(KPP): R=0.26, BIAS=-1.1 ppb, NME=22.8 % -
MOGUNTIA: R=0.71, BIAS=21.5 ppb, NME=108.7 % MOGUNTIA: R=0.74, BIAS=5.6 ppb, NME=19.4 % MOGUNTIA: R=0.44, BIAS=0.2 ppb, NME=19.0 %
- 4 s} 4 s} 4
s )
- - ¢ 60 - T 60
3 S
] ]
3 S
Y/ 40 |- 1 40 |- I I B
z it ¥t
—I II IIII:{— 20 4 20} E
Il Il Il Il 0 Il Il Il Il Il 0 Il Il

+— mCBO5(KPP)

- - MOGUNTIA|

11



cm) Ka(rgzaatr’:l, l\fl}?rén)/ay ch) Spit(s;:;)rgleri,ll;lgr)way co) Pres(tf,e;)aﬁk?,l!)\lgway
20T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
ImCBOS(EBI): R=0.54, BIAS=6.7 ppb, NME=27.6 % MCBOS(EBI): R=0.36, BIAS=-2.2 ppb, NME=14.5 % mCBOS(EBI): R=0.77, BIAS=5.3 ppb, NME=17.4 %
100 [mCBOS(KPP): R=0.55, BIAS=6.1 ppb, NME=26.2 % * 100 |mcBos(kPP): R=0.36, BIAS=-2.5 ppb, NME=14.6 % — 100 |mcBos(KPP): R=0.77, BIAS=4.6 ppb, NME=15.0 % *
MOGUNTIA: R=0.71, BIAS=7.4 ppb, NME=27.7 % MOGUNTIA: R=0.56, BIAS=-1.6 ppb, NME=12.0 % MOGUNTIA: R=0.79, BIAS=5.9 ppb, NME=19.3 %
80 |- * 80 |- — 80 |- *
5 3
5 5
60 |- - T 60 - T 60 B
s s
N ) S
a0 4~ a0} s T 4of 4
20 i I i I 4 20} 20 (X} 4
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM]J J] ASOND J FMAM] ] ASOND J FMAM]J J] ASOND
cp) Sandve, Norway cq) Karasjok, Norway cr) Hurdal, Norway
(59°N, 5° E) (69° N, 25° E) (60°N, 11°E)
120 = T T T T T 120 = T T T T T 20T T T T T T T T
mCBOS(EBI): R=0.87, BIAS=1.9 ppb, NME=10.3 % MCBOS(EBI): R=0.15, BIAS=0.4 ppb, NME=21.9 % mCBOS(EBI): R=0.78, BIAS=5.9 ppb, NME=20.8 %
100 [mcBos(KPP): R=0.85, BIAS=1.2 ppb, NME=10.2 % 1 100 |mcBos(kPP): R=0.16, BIAS=-0.0 ppb, NME=21.7 % 1 100 [mcBos(KPP): R=0.78, BIAS=5.2 ppb, NME=19.1 % *
MOGUNTIA: R=0.78, BIAS=2.5 ppb, NME=13.1 % MOGUNTIA: R=0.38, BIAS=1.1 ppb, NME=18.5 % MOGUNTIA: R=0.84, BIAS=6.4 ppb, NME=23.0 %
- 41 s} H s} 4
B T
T 60 - T 60} - T 60} -
g g 3 g
S S S
a0 _ g a0 K3 4° s}l ]
201 4 20f Ll s ¥ -4  20f I ) I E
0 1 1 1 1 1 1 1 1 1 L1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM]J J] ASOND J FMAM] ] ASOND J FMAM]J)] J] ASOND
cs) Jarczew, Poland ct) Sniezka, Poland cu) Leba, Poland
(51°N, 21°E) (50° N, 15° E) (54°N, 17° E)
20T T T T T T T T T 20— T T T T T T T T 20T T T T T T T T 17
mCBOS(EBI): 68, BIAS=11.8 ppb, NME=41.9 % mCBOS(EBI): 51, BIAS=-3.9 ppb, NME=17.4 % mCBOS5(EBI): R=0.77, BIAS=6.8 ppb, NME=21.3 %
100 [mcBO5(KPP): R=0.67, BIAS=11.1 ppb, NME=39.3 % 1 100 [rmceos(kep): .50, BIAS=-4.6 ppb, NME=18.3 % 1 100 |mcBo5(KPP): R=0.76, BIAS=5.9 ppb, NME=19.2 % *
MOGUNTIA: R=0.75, BIAS=13.2 ppb, NME=46.6 % MOGUNTIA: R=0.42, BIAS=-2.6 ppb, NME=15.0 % MOGUNTIA: R=0.81, BIAS=7.7 ppb, NME=24.7 %
1 s} 4 s} 4
S 3
= 2
5 5
-1 £ 60 - ¢ 60 -
S N
3 3
4= a0} L ¥ I3 I H 7 s} - i
20 | — 20 |- I I *
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM] J] ASOND J FMAM])] )] ASOND
cv) Dia(bSI‘alUGNor;,zftél)and cw) Mon'ie3g{’erl\‘hoé(’P®r)tugal cx) Bre(%léﬁlﬁn,lg\:vg)den
20T T T T T T T T T 20T T T T T T T T T T 0T T T T T T T T T T
mCBOS(EBI): R=0.43, BIAS=9.3 ppb, NME=34.1 % mCBOS(EBI): R=0.53, BIAS=14.5 ppb, NME=50.0 % mCBO5(EBI): R=0.75, BIAS=5.4 ppb, NME=20.1 %
100 [mCBOS(KPP): R=0.46, BIAS=8.4 ppb, NME=31.8 % 1 100 [mcBos(kpP): R=0.51, BIAS=12.3 ppb, NME=44.0 % * 100 [mcBos(kPP): R=0.75, BIAS=4.8 ppb, NME=18.6 % 1
MOGUNTIA: R=0.62, BIAS=10.2 ppb, NME=33.7 % MOGUNTIA: R=0.49, BIAS=13.0 ppb, NME=45.2 % MOGUNTIA: R=0.82, BIAS=6.1 ppb, NME=21.6 %
- 41 s} H s} 4
S 3
K E
- g 60 - ¢ 60 -
S N
© 0 © 0
* =] AT LN T |
20| l k) I 20| I I 4 20} I E
0 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM])] J] ASOND J FMAM])] J] ASOND J FMAM])] )] ASOND
) e @) emmeeme da) S s
20T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
mCBOS(EBI) 84, BIAS=6.0 ppb, NME=19.0 % mCBOS(EBI): R=0.70, BIAS=3.4 ppb, NME=15.2 % mCBO5(EBI): R=0.33, BIAS=1.8 ppb, NME=22.

100 [mcBos(KPP): R=0.84, BIAS=5.2 ppb, NME=16.7 % - 100 [mcBos(KPP): R=0.69, BIAS=2.6 ppb, NME=14.4 % — 100 [mcBos(KPP): R=0.34, BIAS=1.4 ppb, NME=22.1 % —
MOGUNTIA: R=0.76, BIAS=6.8 ppb, NME=22.2 % MOGUNTIA: R=0.65, BIAS=4.0 ppb, NME=18.2 % MOGUNTIA: R=0.52, BIAS=2.6 ppb, NME=18.8 %
8o 41 s} 4 s} 4

5 B
T 60 4 < el H T 6o} 4
N S ]
© 40 © 40 °© 40
20 [ 4 2} I 4 2} I E
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM]J)] J] ASOND J FMAM])] J] ASOND J) FMAM])] )] ASOND

— mCBO5(EBI)

+— mCBO5(KPP)

- - MOGUNTIA|
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db)

Rao, Sweden
(58°N, 12° E)

Norrakvill, Sweden

dc)
(57°N, 15° E)

Vindeln, Sweden

dd)
(64°N, 19° E)

20T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
mCBOS(EBI): R=0.70, BIAS=4.8 ppb, NME=24.1 % MCBOS(EBI): R=0.75, BIAS=3.8 ppb, NME=15.8 % mCBOS(EBI): R=0.80, BIAS=8.2 ppb, NME=30.4 %
100 [mCBOS(KPP): R=0.69, BIAS=4.0 ppb, NME=23.3 % * 100 [mceos(kPP): R=0.76, BIAS=3.0 ppb, NME=14.5 % — 100 [mcBos(KPP): R=0.81, BIAS=7.7 ppb, NME=28.5 % *
MOGUNTIA: R=0.56, BIAS=5.4 ppb, NME=27.9 % MOGUNTIA: R=0.72, BIAS=4.5 ppb, NME=18.0 % MOGUNTIA: R=0.88, BIAS=9.0 ppb, NME=33.4 %
8o |- 4 _sof 4 _ s} 4
3 g
= E
60 |- 1< 60 - 45 60| 4
8 ]
(o) Q
a0} 4w} E Rty s E
20} i1 *r - ) 4 20} k) I 4
ol v v ol v v ol v 1
J FMAM]) J] ASOND J FMAM]) J] ASOND J FMAM]) J] ASOND

Grimso, Sweden

Iskrba, Slovenia

df)

Zarodnje, Slovenia

dg)

(60°N, 15 E) (45° N, 14° E) (47°N, 15° E)
20— T T T T T T T T 20— T T T T T T T T 20T T T T T T T T 17
mCBOS(EBI): R=0.74, BIAS=6.2 ppb, NME=21.4 % MCBOS(EBI): R=0.34, BIAS=14.3 ppb, NME=47.6 % mCBOS(EBI): R=0.72, BIAS=4.1 ppb, NME=15.8 %
100 [mcBOS(KPP): R=0.74, BIAS=5.5 ppb, NME=19.1 % * 100 [mcBos(kpp): R=0.33, BIAS=13.3 ppb, NME=45.0 % — 100 [mcBos(KPP): R=0.72, BIAS=3.2 ppb, NME=15.3 % 1
MOGUNTIA: R=0.75, BIAS=6.7 ppb, NME=23.4 % MOGUNTIA: R=0.39, BIAS=14.5 ppb, NME=48.5 % MOGUNTIA: R=0.74, BIAS=4.8 ppb, NME=17.6 %
80| 4 _sof 4 _ s} 4
z z
& & 5
g 60 -1 £ 60 - £ 60 -
; ; !
S
a0 | 47 w0l = I I 47 4o} 1} 4
20| i 3 4 2} [N} I 4 2} 4
oL L o L L o L L

dh)

Krvavec, Slovenia

Kovk, Slovenia

Stara Lesna, Slovakia

(47°N, 14° E) (46° N, 15° E) (49° N, 20° E)
20T T T T T T T T T 20— T T T T T T T T 20T T T T T T T T 17
mCBOS(EBI): 9 ppb, NME=20.0 % MCBOS(EBI): R=0.68, BIAS=7.6 ppb, NME=21.7 % mMCBOS(EBI): R=0.52, BIAS=5.9 ppb, NME=28.0 %
100 [mcBo5(KPP): R=0.69, BIAS=-8.8 ppb, NME=21.5 % 1 100 [rmceos(kep): .68, BIAS=6.8 ppb, NME=19.8 % 1 100 [mcBo5(KPP): R=0.53, BIAS=5.2 ppb, NME=27.2 % *
MOGUNTIA: R=0.68, BIAS=-7.2 ppb, NME=17.6 % MOGUNTIA: R=0.67, BIAS=8.2 ppb, NME=22.7 % MOGUNTIA: R=0.62, BIAS=7.0 ppb, NME=24.1 %
80| 4 s} R 4
S 3
= 2
5 5
60 4 <60 4 < 60} 4
s S
] ]
S S
40 4w} I 4 s} ¥ E
20 1 20 | }: -1 20 1
0 ol v v ol v v vy I I
J FMAM] J] ASOND J FMAM])] )] ASOND

dk)

Liesek, Slovakia

Topolniky, Slovakia

dm) Ahtari, Finland

(49°N, 19° E) (48°N, 18°E) (62° N, 24° E)
20T T T T T T T T T 20T T T T T T T T T T 0T T T T T T T T T T
mCBOS(EBI): R=0.60, BIAS=7.9 ppb, NME=29.1 % mCBOS(EBI): R=0.71, BIAS=10.8 ppb, NME=35.9 % mCBO5(EBI): R=0.87, BIAS=4.0 ppb, NME=14.5 %
100 [mCcBOS(KPP): R=0.60, BIAS=7.2 ppb, NME=27.3 % 1 100 [mcBos(KPP): R=0.72, BIAS=10.1 ppb, NME=33.4 % * 100 [mcBos(KPP): R=0.86, BIAS=3.4 ppb, NME=13.5 % 1
MOGUNTIA: R=0.68, BIAS=9.0 ppb, NME=29.2 % MOGUNTIA: R=0.74, BIAS=11.8 ppb, NME=39.0 % MOGUNTIA: R=0.86, BIAS=4.5 ppb, NME=15.0 %
80 |- 41 s} H s} 4
3 3
5 E
60 - 4 %60} H T 6o} 4
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J FMAM])] J] ASOND J FMAM])] J] ASOND J FMAM])] )] ASOND

dn)

Arrival Heights, New Zealand

Assekrem, Algeria

do)

Baring Head, New Zealand

dp)

(77°S, 166° E) (23”N, 5”E) (41°S, 174°E)
20T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
mCBOS(EBI) 88, BIAS=-6.9 ppb, NME=26.8 % mCBOS(EBI): R=0.07, BIAS=1.6 ppb, NME=17.0 % mCBO5(EBI): R=0.89, BIAS=11.1 ppb, NME=57.7 %

100 [mcBo5(KPP): R=0.88, BIAS=-6.9 ppb, NME=26.7 % - 100 [mcBos(KPP): R=0.06, BIAS=1.0 ppb, NME=16.6 % - 100 [-mcBos(KPP): R=0.89, BIAS=11.1 ppb, NME=57.8 % —
MOGUNTIA: R=0.88, BIAS=-7.8 ppb, NME=30.1 % MOGUNTIA: R=0.15, BIAS=0.9 ppb, NME=13.7 % MOGUNTIA: R=0.89, BIAS=9.6 ppb, NME=50.3 %
8o 41 s} 4 s} 4
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J FMAM])] J] ASOND J) FMAM])] )] ASOND

— mCBO5(EBI)

+— mCBO5(KPP)

- - MOGUNTIA|
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dq) Bukit Koto Tabang, Indonesia dr) Tudor Hill, UK ds) Barrow, USA
(0°S, 100° E) (32° N, 64° W) (71°N, 156° W)
20T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
mCBOS(EB): R=-0.39, BIAS=29.9 ppb, NME=235.7 % MCBOS(EBI): R=-0.48, BIAS=18.3 ppb, NME=47.5 % mCBOS(EBI): R=-0.43, BIAS=7.5 ppb, NME=40.1 %
100 [mcBOS(KPP): R=-0.39, BIAS=29.2 ppb, NME=229.5% 100 |mceos(kPP): R=-0.51, BIAS=16.1 ppb, NME=42.1% 100 [mcBos(kPP): R=-0.45, BIAS=7.2 ppb, NME=39.5 % 1
MOGUNTIA: R=-0.39, BIAS=26.3 ppb, NME=207.0 % MOGUNTIA: R=-0.44, BIAS=17.6 ppb, NME=45.6 % MOGUNTIA: R=-0.41, BIAS=8.2 ppb, NME=40.2 %
80| 41 s} H s} 4
3 3
= E
60 [ 1:60 1 eor ]
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40 © 40 °© 40
= L]
20 3 T7eE§ or L) 4 2} IIII 4
ol 11 ry L L1 ol v v vy ol v
J FMAM]J J] ASOND J FMAM] ] ASOND J FMAM]J J] ASOND

dt)

Cape Point, South Africa

(34°S, 18°E)

Cape Point, South Africa

du)
(34°S, 18°E)

dv)

Giordan Lighthouse, Malta
(36°N, 14°E)

120 = T T T T T 120 = T T T T T 20T T T T T T T T 17
mCBOS(EBI): R=0.95, BIAS=8.0 ppb, NME=34.5 % MCBOS(EBI): R=0.95, BIAS=8.0 ppb, NME=34.5 % mCBOS(EBI): R=0.69, BIAS=6.9 ppb, NME=24.5 %
100 [mcBo5(KPP): R=0.96, BIAS=8.0 ppb, NME=34.6 % 1 100 [mcBos(kPP): R=0.96, BIAS=8.0 ppb, NME=34.6 % 1 100 [mcBos(KPP): R=0.65, BIAS=4.2 ppb, NME=24.6 % *
MOGUNTIA: R=0.96, BIAS=6.3 ppb, NME=27.0 % MOGUNTIA: R=0.96, BIAS=6.3 ppb, NME=27.0 % MOGUNTIA: R=0.69, BIAS=5.1 ppb, NME=22.4 %
80| 41 s} H s} 4
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0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 I
J FMAM]J J] ASOND J FMAM]J)] ] ASOND J FMAM]J J ASOND
dw) Hohenpeissenberg, Germany dx) Heimaey, Iceland dy) Iskrba, Slovenia
(47°N, 11°E) (63° N, 20° W) (45°N, 14° E)
20T T T T T T T T T 20— T T T T T T T T 20T T T T T T T T 17
mCBOS(EBI): 8 ppb, NME=14.7 % mCBOS(EBI): 30, BIAS=-4.8 ppb, NME=17.2 % mCBOS5(EBI): R=0.45, BIAS=13.2 ppb, NME=42.6 %
100 [mcBo5(KPP): R=0.59, BIAS=-1.7 ppb, NME=15.5 % 1 100 [rmceos(kep): .31, BIAS=-5.4 ppb, NME=17.5 % 1 100 [mcBo5(KPP): R=0.44, BIAS=12.3 ppb, NME=39.9 % 1
MOGUNTIA: R=0.62, BIAS=-0.1 ppb, NME=13.5 % MOGUNTIA: R=0.48, BIAS=-4.1 ppb, NME=14.1 % MOGUNTIA: R=0.49, BIAS=13.5 ppb, NME=43.5 %
- 1 s} 4 s} 4
S 3
= 2
5 5
- -1 £ 60 - ¢ 60 —
S N
3 3
= (3 4° 0= sEE ol = II 4
K1 I :{
20| 4 2} 4 2} 4
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM])] J] ASOND J FMAM] J] ASOND J FMAM])] )] ASOND
dZ) Issykkul, Kyrgyzstan ea) Tenerife, Spain eb) Jungfraujoch, Switzerland
(42°N, 76° E) (28° N, 16° W) (46°N, 7° E)
20T T T T T T T T T 20T T T T T T T T T T 0T T T T T T T T T T
mCBOS(EBI): R=0.78, BIAS=6.0 ppb, NME=16.9 % mCBOS(EBI): R=0.77, BIAS=0.5 ppb, NME=9.4 % mCBOS5(EBI): R=0.72, BIAS=-9.1 ppb, NME=20.1 %
100 [mCBOS(KPP): R=0.77, BIAS=4.4 ppb, NME=15.1 % 1 100 [mcBos(kpP): R=0.73, BIAS=-1.5 ppb, NME=11.4 % * 100 [mcBos(kPP): R=0.72, BIAS=-10.0 ppb, NME=21.6 % 1
MOGUNTIA: R=0.74, BIAS=5.1 ppb, NME=13.5 % MOGUNTIA: R=0.77, BIAS=-1.0 ppb, NME=9.0 % MOGUNTIA: R=0.72, BIAS=-8.6 ppb, NME=18.2 %
80 |- 41 s} H s} 4
S 3
K E
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S N
a0 41° s} 4° s} 4
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20 |- * 20 | 20 |- *
0 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 0
J FMAM])] J] ASOND J FMAM])] J] ASOND
ec) Kollumerwaard, The Netherlands ed) Kosetice, Czech Republic ee) Kovk, Slovenia
(53°N, 6° E) (49° N, 15° E) (46° N, 15° E)
20T T T T T T T T T 20T T T T T T T T 20T T T T T T T T T T
mCBOS(EBI) 81, BIAS=13.6 ppb, NME=52.6 % mCBOS(EBI): R=0.56, BIAS=7.2 ppb, NME=24.5 % mCBOS5(EBI): R=0.68, BIAS=8.0 ppb, NME=22.7 %

100 [mcBos(KPP): R=0.80, BIAS=12.8 ppb, NME=49.4 % - 100 [mcBos(KPP): R=0.56, BIAS=6.5 ppb, NME=23.0 % — 100 [mcBos(KPP): R=0.68, BIAS=7.1 ppb, NME=20.8 % —
MOGUNTIA: R=0.81, BIAS=14.7 ppb, NME=56.8 % MOGUNTIA: R=0.61, BIAS=8.3 ppb, NME=25.3 % MOGUNTIA: R=0.67, BIAS=8.5 ppb, NME=23.9 %
8o 41 s} 4 s} 4

5 B
T 60 4 < el H T 6o} 4
N S ]
S 3 S
40 47 a0} +H a0t I 4
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J FMAM] ] ASOND

— mCBO5(EBI)

+— mCBO5(KPP)

- - MOGUNTIA|
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ef)

Krvavec, Slovenia
(46° N, 14° E)

Lauder, New Zealand

eg) (45°S, 169° E)

Waldhof, Germany

eh)
(52°N, 10° E)

20T T T T T T T T T 20T T T T T T T T T T 20T T T T T T T T T T
CBOS(EBI): R=0.70, BIAS=-6.1 ppb, NME=17.2 % MCBOS(EBI): R=0.64, BIAS=11.1 ppb, NME=62.1 % mCBOS(EBI): R=0.75, BIAS=11.8 ppb, NME=44.3 %
100 [mcBOS(KPP): R=0.69, BIAS=-6.9 ppb, NME=18.8 % * 100 [mcBos(kPP): R=0.64, BIAS=11.1 ppb, NME=62.3 % 100 [mcBos(KPP): R=0.74, BIAS=11.1 ppb, NME=41.9 % *
MOGUNTIA: R=0.68, BIAS=-5.5 ppb, NME=15.6 % MOGUNTIA: R=0.66, BIAS=9.8 ppb, NME=55.2 % MOGUNTIA: R=0.71, BIAS=13.0 ppb, NME=49.2 %
- 41 s} 8o} 4
3 g
= E
- 45 60 E E
3 I § §
] R
i At s
20 |- = 20 F I 20 |- =
AKX X} [ i (R
0 1 1 1 1 1 1 1 1 1 1 1 1 0 1 1 1 1 1 1 1 1 1 1 1 T 0 1 1 1 1 1 1 1 1 1 1 1 1
J FMAM]J J] ASOND J FMAM]J)] ] ASOND J FMAM]J J] ASOND
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Figure S 1: Comparison of monthly mean surface O; observations (black dots) in ppb with model results (red-line for
mCBO05(EBI), green-line for mCB05(KPP) and blue-line for MOGUNTIA) at various stations around the globe, as obtained from
the European Monitoring and Evaluation Programme (EMEP; http://www.emep.int) and the World Data Centre for Greenhouse
Gases (WDCGG:; http://ds.data.jma.go.jp/gmd/wdcgg/introduction.html), for the year 2006.
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Figure S 2: Comparison of monthly mean ozone sonde observations (black line) in ppb with model results (red-line for mCB05
configuration using the EBI solver, green-line for mCBO05 configuration using the solver as generated by the KPP software and
blue-line for MOGUNTIA configuration) at various stations around the globe, as obtained from the World Data Centre for
Greenhouse Gases (WDCGG:; https://gaw.kishou.go.jp), for the year 2006.
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Figure S 3: Monthly mean comparisons of TM5-MP UTLS O3 (top) and CO (bottom) mixing ratios (ppb) for the two chemistry
schemes; mCBOS(KPP) (blue line) and MOGUNTIA (red line), sampled at the measurement place and time against MOZAIC
flight data (black line) between Frankfurt (50.0° N, 8.6° E) and Windhoek (22.5° S, 17.7° E) for April (left column) and October
2006 (right column). Data at pressures (P) lower than 300 hPa has been filtered out.
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a)

500

d)
500

9)
500

500

Alert Nunavut b) Arembepe Bahia <) Argyle Maine
Canada (82.451° N, 62.507° W) Brazil (12.77°S, 38.17° W) United States (45.035° N, 68.682° W)
T T T T T T T T T T T S0 T T T T T T T T 17T SO0 T T T T T T T T T T
mCBOS(EBI): R=1.00, BIAS=-42.5 ppb, NME=31.8 % mCBOS(EBI): R=0.82, BIAS=2.3 ppb, NME=6.0 % mCBOS(EBI): R=0.81, BIAS=-31.0 ppb, NME=20.3 %
| mcBos(kPP): R=1.00, BiAs=-44.4 ppb, NME=33.3% | 41 | mcBOS(KPP): R=0.81, BIAS=0.5 ppb, NME=5.3 % 1 400 |mesoser): =051, Bias=-33.0 ppb, NME-21.5 %
MOGUNTIA: R=0.99, BIAS=-42.6 ppb, NME=31.9 % MOGUNTIA: R=0.82, BIAS=0.2 ppb, NME=5.8 % MOGUNTIA: R=0.72, BIAS=-29.9 ppb, NME=19.5 %
= - z300} E
g
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123 45 /U”’Z 8 9 101112 12 3 45 1,,”/7 8 9 101112
Anmyeon-do e) Ascension Island f) Assekrem
Republic of Korea (36.539° N, 126.329° E) United Kingdom (7.967° S, 14.4° W) Algeria (23.262° N, 5.632° E)
T T T T T T T T T T T S0 —T—T—T T T T T T T T T 500 T T T T T T
mCBOS(EBI): R=0.56, BIAS=-27.5 ppb, NME=16.8 % mMCBOS(EBI): R=0.87, BIAS=3.9 ppb, NME=8.0 % mCBO5(EBI): R=0.73, BIAS=-20.2 ppb, NME=19.4 %
| mcBOS(KPP): R=0.55, BIAS=-29.5 ppb, NME=17.3 % 200 JmcBos(PP): R=0.86, BiAS=1.7 ppb, NME=7.3 % a 200 JmeBos(KPP): R=0.72, BiAS=-22.1 ppb, NME=21.2 %

MOGUNTIA: R=0.54, BIAS=25.7 ppb, NME=16.3 %

MOGUNTIA: R=0.89, BIAS=1.5 ppb, NME=7.5 %

MOGUNTIA: R=0.64, BIAS=-20.0 ppb, NME=19.2 %

0 [
123456 789101112 123456 789101112 123456 789101112
Baltic Sea h) Terceira Island Azores i) Bukit Kototabang
Poland (55.35° N, 17.22° E) Portugal (38.766° N, 27.375° W) Indonesia (0.202° S, 100.318° E)
T T T T T T T T T T T S0—T—T—T T T T T T T T T 7T 500 T
mCBOS5(EBI): R=0.93, BIAS=-63.4 ppb, NME=35.8 % mCBOS(EBI): R=0.89, BIAS=-44.8 ppb, NME=34.6 % mCBOS5(EBI): R=0.33, BIAS=106.8 Bpb, NME=8§.4 %
| mcBOS(KPP): R=0.93, BIAS=-65.3 ppb, NME=36.9 % 400 |meBos(KPP): R=0.89, BIAS=-46.6 pPb, NME=35.9 % 400 |mesosiker):
MOGUNTIA: R=0.92, BIAS=-62.6 ppb, NME=35.4 % MOGUNTIA: R=0.86, BIAS=-44.5 ppb, NME=34.3 % MOGUNTIA:
-+ z300 4
g
e
o
- ©200 [ g
— 100 [~ 1
I T T T T T B | ) T Y Y Y I ol 1 v 1
123456 789101112 123 45¢6 789101112 1234546 789101112
Baring Head Station St. Davids Head Bermuda )] Tudor Hill Bermuda
New Zealand (41.408°S, 174.871°E) United Kingdom (32.368° N, 64.648° W) United Kingdom (32.265° N, 64.879° W)
T T T T T T T T T 11 S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS5(EBI): R=0.89, BIAS=8.3 ppb, NME=14.7 % mMCBOS(EBI): R=0.91, BIAS=-47.0 ppb, NME=34.5 % mCBOS5(EBI): R=0.95, BIAS=-35.4 ppb, NME=28.3 %
| mcBOS(KPP): R=0.88, BIAS=6.7 ppb, NME=11.9 % a 400 |mcBos(keP): R=0.91, BiAS=-43.8 ppb, NME=35.3 % 400 |cBos(KeP): R=0.95, BIAS=-37.3 ppb, NME=29.8 %

MOGUNTIA: R=0.90, BIAS=7.4 ppb, NME=13.0 %

MOGUNTIA: R=0.89, BIAS=-46.4 ppb, NME=34.1 %

MOGUNTIA: R=0.93, BIAS=-34.9 ppb, NME=27.9 %

0 0
123456 789101112 123456 789101112 123456 789101112
m) Barrow Atmospheric Baseline Observatory n) Black Sea Constanta o) Cold Bay Alaska
United States (71.323° N, 156.611° W) Romania (44.178° N, 28.665° E) United States (55.21° N, 162.72° W)
T T T T T T T T T 11 S0—T—T—T T T T T T T T 1T S0F—T—TT T T T T T T T T
mCBOS5(EBI): 0.96, BIAS=-30.2 ppb, NME=22.3 % mCBOS(EBI .86, BIAS=-163.0 ppb, NME=56.6 % mCBO5(EBI): 0.97, BIAS=-46.9 ppb, NME=33.0 %
| mcBOS(KPP): R=0.96, BIAS=-32.2 ppb, NME=23.7 % 400 | ®05(KPP): R=0.86, BIAS=-164.8 ppb, NME=57.2 % 400 |nCBO5(KPP): R=0.97, BIAS=-48.8 ppb, NME=34.4 %
MOGUNTIA: R=0.96, BIAS=-30.0 ppb, NME=22.2 % MOGUNTIA: R=0.86, BIAS=-162.0 ppb, NME=56.2 % . MOGUNTIA: R=0.96, BIAS=-46.5 ppb, NME=32.7 %
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)
500

s)

500

400

v)

500

ab)
500

Cape Grim Tasmania q) Christmas Island Q9ntro de Investigacion de la Baja Atmosfera (CIBA)
Australia (40.683° S, 144.69° E) Republic of Kiribati (1.7° N, 157.152° W) Spain (41.81° N, 4.93° W)
T T T T T T T T T T T S0 T T T T T T T T 17T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.08, BIAS=12.1 ppb, NME=20.6 % mCBOS(EBI): R=0.57, BIAS=-12.2 ppb, NME=15.9 % mCBOS(EBI): R=0.62, BIAS=-28.0 ppb, NME=21.9 %
| mcBos(kpP): R=0.03, BiAS=10.5 ppb, NME=18.0% | 40 | mCBOS(KPP): R=0.60, BIAS=-13.7 ppb, NME=17.9 % 400 Jmee0S(KPP): R=0.61, BiAS=-29.8 ppb, NME=23.2 %
MOGUNTIA: R=0.03, BIAS=11.4 ppb, NME=19.5 % MOGUNTIA: R=0.70, BIAS=-13.0 ppb, NME=16.9 % MOGUNTIA: R=0.53, BIAS=-26.9 ppb, NME=21.0 %
- -H 5300 - g300f B
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123456 789101112 123 45¢6 789101112 123456 789101112
Cape Point t) Cape Meares Oregon u) Crozet Island
South Africa (34.352° S, 18.489° E) United States (45.478° N, 123.969° W) France (46.434° S, 51.848" E)
T T T T T T T T T 11 S0 —T—T—T T T T T T T T T 500 T T T T T 1
mCBOS5(EBI): R=0.39, BIAS=54.3 ppb, NME=96.8 % mCBOS(EBI): R=0.76, BIAS=-25.0 ppb, NME=19.3 % mCBOS5(EBI): R=0.74, BIAS=-15.3 ppb, NME=19.8 %
| mCBOS(KPP): R=0.37, BIAS=52.7 ppb, NME=93.9 % 400 |mcBos(kee): R=0.76, BiAS=-26.9 ppb, NME=20.3 % 400 |cBos(KeP): R=0.73, BlAS=-16.9 ppb, NME=21.9 %
MOGUNTIA: R=0.39, BIAS=53.3 ppb, NME=95.0 % MOGUNTIA: R=0.73, BIAS=-24.4 ppb, NME=19.0 % MOGUNTIA: R=0.81, BIAS=-16.2 ppb, NME=20.9 %
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g
e
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- 200 | R
— 100 |- —
o o o 08
o o o
N T T T T TR T S M | ol v v ol v
123456 789101112 123456 789101112 123456 789101112
Drake Passage w) Easter Island x) Dongsha Island
N/A (59.0° S, 64.69° W) Chile (27.16° S, 109.428° W) Taiwan (20.699° N, 116.73° E)
T T T T T T T T T T T S0—T—T—T T T T T T T T T 7T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.91, BIAS=6.6 ppb, NME=14.0 % mCBOS(EBI): R=0.86, BIAS=-15.5 ppb, NME=20.3 % mCBOS(EBI): R=0.90, BIAS=-59.0 ppb, NME=30.7 %
| mcBOS(KPP): R=0.90, BIAS=5.0 ppb, NME=13.0 % n 400 |nCBo5(KPP): R=0.85, BIAS=-17.1 ppb, NME=22.3 % 400 |mesosiker): 90, BIAS=-60.9 ppb, NME=31.7 %
MOGUNTIA: R=0.97, BIAS=5.8 ppb, NME=12.8 % MOGUNTIA: R=0.84, BIAS=-17.0 ppb, NME=22.2 % MOGUNTIA: R=0.89, BIAS=-56.6 ppb, NME=29.5 %
- - 5300 - 5300( e E
g g
=3 e
o o
- H ©200 [ - ©200 [ g
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123456 789101112 123 45¢6 789101112 1234546 789101112
Mariana Islands z) Dwejra Point Gozo aa) Halley Station Antarctica
Guam (13.386° N, 144.656" E) Malta (36.048° N, 14.889° E) United Kingdom (75.605° S, 26.21° W)
T T T T T T T T T 11 S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS5(EBI): R=0.62, BIAS=-22.5 ppb, NME=26.7 % mMCBOS(EBI): R=0.78, BIAS=-68.5 ppb, NME=39.2 % mCBOS5(EBI): R=0.88, BIAS=-12.1 ppb, NME=17.1 %
| mcBOS(KPP): R=0.61, BIAS=-24.3 ppb, NME=28.1 % 400 |mcBos(keP): R=0.77, B1AS=-70.3 ppb, NME=40.2 % 400 |cBos(keP): R=0.86, BIAS=-13.7 ppb, NME=19.1% ]
MOGUNTIA: R=0.56, BIAS=-21.6 ppb, NME=26.5 % MOGUNTIA: R=0.67, BIAS=-66.7 ppb, NME=38.1 % MOGUNTIA: R=0.93, BIAS=-12.9 ppb, NME=18.6 %
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Hohenpeissenberg ac) Hegyhatsal ad) Humboldt State University
Germany (47.801° N, 11.024° E) Hungary (46.95° N, 16.65° E) United States (41.059° N, 124.75° W)
T T T T T T T T T 11 T S0F—T—TT T T T T T T T T
mCBOS5(EBI): 0.90, BIAS=-19.7 ppb, NME=13.7 % mCBO5(EBI): 1 ppb, NME=!
| mcBOS(KPP): R=0.90, BIAS=-21.6 ppb, NME=14.7 % _| | mcBos(kep): 400 |nCBOS(KPP): R=0.24, BIAS=-9.0 ppb, NME=17.7 %

MOGUNTIA: R=0.89, BIAS=-18.7 ppb, NME=13.1 %

MOGUNTIA: R=0.97, BIAS=-72.7 ppb, NME=33.2 %
.

MOGUNTIA: R=0.13, BIAS=-6.1 ppb, NME=17.6 %
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ae) Storhofdi Vestmannaeyjar af) Grifton North Carolina Cape Kumukahi Hawaii
Iceland (63.4° N, 20.288° W) United States (35.365° N, 77.393° W) United States (19.737° N, 155.012° W)
SO0 T T T T T T T T T T S0 T T T T T T T T 17T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.99, BIAS=-36.4 ppb, NME=28.4 % mCBOS(EBI): R=0.94, BIAS=-41.2 ppb, NME=22.2 % mCBOS(EBI): R=0.95, BIAS=-30.3 ppb, NME=28.7 %
400 |mcBos(KPP): R=0.99, BiAs=-38.3 ppb, NME=20.9% | 400 [ mcBos(keP): R=0.93, BiAS=-43.0 pp, NME=23.1% 400 | mCBOS(KPP): R=0.95, BiAS=-31.9 ppb, NME=30.3 %
MOGUNTIA: R=0.98, BIAS=-36.1 ppb, NME=28.2 % MOGUNTIA: R=0.90, BIAS=-39.5 ppb, NME=21.2 % MOGUNTIA: R=0.94, BIAS=-30.0 ppb, NME=28.4 %
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123 45 lw] 8 9 101112 123 45 IWJ 8 9 101112
ah) Izana Tenerife Canary Islands ai) Kaashidhoo aj) Key Biscayne Florida
Spain (28.309° N, 16.499° W) Republic of Maldives (4.97° N, 73.47° E) United States (25.665° N, 80.158° W)
S0F—T—TT T T T T T T T T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS(EBI): R=0.84, BIAS=-20.5 ppb, NME=19.4 % mMCBOS(EBI): R=0.81, BIAS=-23.1 ppb, NME=23.9 % mCBOS5(EBI): R=0.89, BIAS=-55.4 ppb, NME=37.7 %
400 JmeBo5(KPP): R=0.84, BiAS=-22.3 ppb, NME=21.1 % 200 JmcBos(PP): R=0.81, BiAs=-24.9 ppb, NME=24.6 % 200 mcB0s(KPP): R=0.88, BiAS=-57.1 ppb, NME=38.9 %
MOGUNTIA: R=0.77, BIAS=-19.7 ppb, NME=18.7 % MOGUNTIA: R=0.80, BIAS=-20.7 ppb, NME=23.7 % MOGUNTIA: R=0.88, BIAS=-54.5 ppb, NME=37.1%
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123456 78 9101112 123456 78 9101112 123456 78 9101112
ontl o o
ak) Sary Taukumr al) Plateau Assy am) Park Falls Wisconsin
Kazakhstan (44.084° N, 76.871°E) Kazakhstan (43.25° N, 77.88° E) United States (45.945° N, 90.273° W)
SO0 T T T T T T T T T T S0—T—T—T T T T T T T T T 7T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.97, BIAS=-72.8 ppb, NME=40.5 % mCBOS(EBI): R=0.41, BIAS=-27.4 ppb, NME=22.1 % mCBOS(EBI): R=0.59, BIAS=-3.9 ppb, NME=7.8 %
400 |mcB05(KPP): R=0.97, BIAS=-74.7 ppb, NME=41.6 % 400 | mcBos(keP): R=0.40, BiAS=-29.4 ppb, NME=23.1% 400 |ncBos(KeP): R=0.58, BiAS=-5.5 ppb, NME=7.9 % a
MOGUNTIA: R=0.97, BIAS=-72.2 ppb, NME=40.2 % MOGUNTIA: R=0.36, BIAS=-26.6 ppb, NME=21.7 % MOGUNTIA: R=0.47, BIAS=-2.9 ppb, NME=8.8 %
P T T B B B B ol v v v ol 1 v 1
123 45 m,z 8 9 101112 123 45 /U””? 8 9 101112 123 45 1,,,‘17 8 9 101112
an) Lac La Biche Alberta ao) Lulin ap) Lampedusa
Canada (54.954° N, 112.467° W) Taiwan (23.47° N, 120.87° E) Italy (35.52° N, 12.62" E)
S0F—T—TT T T T T T T T T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS(EBI): R=0.61, BIAS=-39.6 ppb, NME=29.1 % mCBOS(EBI): R=0.55, BIAS=48.5 ppb, NME=37.7 % mCBO5(EBI): R=0.81, BIAS=-30.6 ppb, NME=23.5 %
400 |meBO5(KPP): R=0.60, BiAS=-41.5 ppb, NME=30.2 % 200 JmcBos(Pe): R=0.55, BiAs=46.6 ppb, NME=36.7 % a 200 JmeBos(KPP): R=0.80, BiAS=-32.5 ppb, NME=25.0 %

MOGUNTIA: R=0.56, BIAS=-39.2 ppb, NME=29.2 %

MOGUNTIA: R=0.54, BIAS=51.1 ppb, NME=39.3 %

MOGUNTIA: R=0.72, BIAS=-29.0 ppb, NME=22.3 %
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ot ot tont
aq) Mould Bay Northwest Territories ar) Mace Head County Galway adigh Altitude Global Climate Observation Center
Canada (76.247° N, 119.353° W) Ireland (53.326° N, 9.899° W) Mexico (18.984° N, 97.311° W)
S0F—T—TT T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS5(EBI): 0.98, BIAS=-59.8 ppb, NME=39.5 % mCBO5(EBI): 0.87, BIAS=12.9 ppb, NME=13.9 %
400 |mCBO5(KPP): R=0.98, BIAS=-61.7 ppb, NME=40.8 % | mcBos(kPP): 400 JmeBos(KPP): R=0.87, BIAS=11.1 ppb, NME=12.5 %
MOGUNTIA: R=0.98, BIAS=-59.8 ppb, NME=39.5 % MOGUNTIA: R=0.90, BIAS=-35.3 ppb, NME=26.3 % MOGUNTIA: R=0.87, BIAS=15.8 ppb, NME=16.0 %
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at)
500

aw)

500

400

az)

500

bf)
500

Mauna Loa Hawaii u) Sand Island Midway av) Mt. Kenya
United States (19.536° N, 155.576° W) United States (28.21° N, 177.38° W) Kenya (0.062° S, 37.297 E)
T T T T T T T T T T T S0 T T T T T T T T 17T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.92, BIAS=-20.9 ppb, NME=21.7 % MCBOS(EBI): R=0.94, BIAS=-41.1 ppb, NME=33.5 % mCBOS(EBI): R=-0.62, BIAS=-25.2 ppb, NME=25.4 %
| mcaos(pp): R=0.92, Bias=-22.6 ppb, NME=23.5% | 400 [ mcBoskep): R=0.93, BiAs=-42.8 pp, NME=30.9 % 400 |mCBOS(KPP): R=-0.61, BIAS=127.2 ppb, NME=26.1%
MOGUNTIA: R=0.90, BIAS=-20.6 ppb, NME=21.4 % MOGUNTIA: R=0.92, BIAS=-40.6 ppb, NME=33.1 % MOGUNTIA: R=-0.62, BIAS=-25.3 ppb, NME=26.0 %
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Farol De Mae Luiza Lighthouse ax) Niwot Ridge Colorado ay) Gobabeb
Brazil (5.795° S, 35.185° W) United States (40.053° N, 105.586° W) Namibia (23.58° S, 15.03° E)
T T T T T T T T T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mMCBOS(EBI): R=0.79, BIAS=-2.7 ppb, NME=5.4 % MCBOS(EBI): R=0.51, BIAS=19.1 ppb, NME=16.4 % mMCBOS(EBI): R=0.15, BIAS=18.5 ppb, NME=31.0 %
| mcBos(KPP): R=0.80, BIAS=-4.7 ppb, NME=6.9 % a 400 | mCBOS(KPP): R=0.50, BIAS=17.2 ppb, NME=15.5 % 400 | "CBOS(KPP): R=0.1, BIAS=16.4 ppb, NME=28.7 % a
MOGUNTIA: R=0.85, BIAS=-4.8 ppb, NME=7.1% MOGUNTIA: R=0.42, BIAS=19.7 ppb, NME=17.3 % MOGUNTIA: R=0.20, BIAS=15.2 ppb, NME=27.5 %
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123456 7809101112 123456 7809101112 123456 7809101112
Pallas-Sammaltunturi GAW Station ba) Ochsenkopf bb) Pacific Ocean (ON)
Finland (67.973° N, 24.116° E) Germany (50.03° N, 11.808° E) N/A (-0° S, 155.0° W)
T T T T T T T T T T T S0—T—T—T T T T T T T T T 7T SO0 T T T T T T T T T T
mCBOS(EBI): R=1.00, BIAS=-34.7 ppb, NME=26.0 % MCBOS(EBI): R=0.80, BIAS=-8.5 ppb, NME=11.8 % mCBOS(EBI): R=0.32, BIAS=-16.2 ppb, NME=19.9 %
| mcBos(kPP): R=1.00, BIAS=-36.6 ppb, NME=27.5 % 400 | mcBos(KkeP): R=0.79, BiAS=-10.4 ppb, NME=12.6 % 400 |mcBos(KeP): R=0.35, BIAS=-17.7 ppb, NME=21.8 %
MOGUNTIA: R=0.99, BIAS=-34.3 ppb, NME=25.8 % MOGUNTIA: 6 ppb, NME=11.6 % MOGUNTIA: R=0.48, BIAS=-17.2 ppb, NME=21.1%

Ocean (ON) bd) Pacific Ocean (10N) be) Ocean (5N)
N/A (-0° S, 155.0° W) N/A (10.0° N, 149.0° W) N/A (5.0° N, 151.0° W)
T T T T T T T T T T T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS5(EBI): R=0.68, BIAS=-6.7 ppb, NME=12.3 % mMCBOS(EBI): R=0.80, BIAS=-29.0 ppb, NME=29.2 % mCBO5(EBI): R=0.47, BIAS=-18.9 ppb, NME=21.9 %
| mcBOS(KPP): R=0.69, BIAS=-8.3 ppb, NME=13.4 % a 400 |mcBos(keP): R=0.81, B1AS=-30.6 ppb, NME=30.5 % 400 |cBos(keP): R=0.49, B1AS=-20.5 ppb, NME=23.7 %
MOGUNTIA: R=0.74, BIAS=-7.6 ppb, NME=12.5 % MOGUNTIA: R=0.78, BIAS=-28.7 ppb, NME=28.9 % MOGUNTIA: R=0.57, BIAS=-19.5 ppb, NME=22.5 %
B 1 g300 5300 |- ]
g g
= =
o Q
- - 200 | ©200 [ B
- 4 100 e e e . 100 |- o, 4
g gt LI S BT LI B}
Py
Lo ol v v v ol
123456 789101112 123456 789101112 123456 789101112
Pacific Ocean (20N) bg) Pacific Ocean (15N) bh) Pacific Ocean (30N)
N/A (20.0° N, 141.0° W) N/A (15.0° N, 145.0° W) N/A (30.0° N, 135.0° W)
T T T T T T T T T T T T S0F—T—TT T T T T T T T T
mCBOS5(EBI): 0.93, BIAS=-36.9 ppb, NME=31.2 % mCBO5(EBI): 0.90, BIAS=-41.5 ppb, NME=31.1 %
| mcBOS(KPP): R=0.93, BIAS=-38.7 ppb, NME=32.7 % _| | mcBos(kPP): 400 |mCBO5(KPP): R=0.89, BIAS=-43.4 ppb, NME=32.4 %

MOGUNTIA: R=0.91, BIAS=-36.6 ppb, NME=31.0 %

MOGUNTIA: R=0.84, BIAS=-35.5 ppb, NME=32.0 %

MOGUNTIA: R=0.86, BIAS=-40.9 ppb, NME=30.5 %

12345678 9101112

123456 7 8 9101112

123 45¢6 78 9101112

i

OBS

— mCBO5(EBI)

+— mCBO5(KPP)

- - MOGUNTIA|

26



bi) Pacific Ocean (25N) bj) Pacific Ocean (5S) bk) Pacific Ocean (10S)

N/A (25.0° N, 139.0° W) N/A (5.0° S, 159.0° W) N/A (10.0° S, 161.0° W)
SO0 T T T T T T T T T T S0 T T T T T T T T 17T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.93, BIAS=-42.7 ppb, NME=33.7 % MCBOS(EBI): R=0.22, BIAS=-15.6 ppb, NME=19.9 % mCBOS(EBI): R=0.49, BIAS=-12.3 ppb, NME=17.2 %
400 | mcBos(kPP): R=0.03, BiAs=-a.5 ppb, Nme=35.1% | 400 [ mcBosikep): R=0.24, BiAS=17.1ppb, nmE=21.8% | 40 | mcoos(kpp): R=0.48, BiAS=-13.7 ppb, NME=10.2 %
MOGUNTIA: R=0.90, BIAS=-42.3 ppb, NME=33.3 % MOGUNTIA: R=0.37, BIAS=-16.8 ppb, NME=21.4 % MOGUNTIA: R=0.61, BIAS=-13.2 ppb, NME=18.6 %
2300 [ - 300 R
g g
=] =
o o
©200 |- - “200 =
100 |- = — 100 |~ *
ol v v v ol 1 1 1
12 3 45 /w] 8 9 1011 12 12 3 45 [”H/Z 8 9 101112
bl) Pacific Ocean (15S) bm) Pacific Ocean (20S) bn) Pacific Ocean (25S)
N/A (15.0° S, 164.0° W) N/A (20.0° S, 167.0° W) N/A (25.0° S, 171.0° W)
S0F—T—TT T T T T T T T T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mMCBOS(EBI): R=0.59, BIAS=-10.0 ppb, NME=14.6 % MCBOS(EBI): R=0.65, BIAS=-7.6 ppb, NME=11.7 % mMCBOS(EBI): R=0.70, BIAS=-7.2 ppb, NME=11.1 %
400 |nCBOS(KPP): R=0.58, Bias=-11.4 ppb, NME=16.7% | 400 |mCBOS(KPP): R=0.62, BIAS=-9.1 ppb, NME=13.6 % 400 fmesosker): =070, Bias=-5.5 ppb, NME=12.8 %
MOGUNTIA: R=0.70, BIAS=-10.9 ppb, NME=15.9 % MOGUNTIA: R=0.74, BIAS=-8.9 ppb, NME=13.0 % MOGUNTIA: R=0.69, BIAS=-8.7 ppb, NME=12.6 %
5300 |- 4 z300} 4 s300} 4
3 2 o
8 e =3
<) 9 o
©200 |- - ©200 | -1 ©200 |- *
100 |- = 100 |- — 100 |~ =
P SN -99—|ﬁr PUNIPY WP Wy S B R P, L EP—Y O B N
ol v vy ol v v ol v v
123456 7809101112 123456 7809101112 123456 7809101112
bo) Pacific Ocean (30S) bp) Palmer Station Antarctica bq) Point Arena California
N/A (30.0° S, 176.0° W) United States (64.92° S, 64.0° W) United States (38.955° N, 123.741° W)
SO0 T T T T T T T T T T S0—T—T—T T T T T T T T T 7T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.80, BIAS=-5.8 ppb, NME=11.6 % MCBOS(EBI): R=0.62, BIAS=-2.1 ppb, NME=9.8 % mCBOS(EBI): R=0.45, BIAS=-7.6 ppb, NME=14.6 %
400 |meBOS(KPP): R=0.79, BiAS=-7.5 ppb, NME=13.3 % 0.62, BIAS=-3.7 ppb, NME=10.4 % 1 400 fmeBosikep): R=0.43, Bias=-9.5 ppb, NME=15.1 %
MOGUNTIA: R=0.79, BIAS=-7.3 ppb, NME=13.1 % MOGUNTIA: R=0.30, BIAS=-5.5 ppb, NME=15.0 %
5300 [ H z300 | - Z300 R
8 8 g
=3 e =
o o o
©200 |- - “200 | - “200 =
100 L e, A w0 .. B IOO—W—
C==t> . O (=l Py
P T T B B B B ol v v v ol 1 v 1
12 3 45 %MZ 8 9 1011 12 12 3 45 /w”? 8 9 101112 123 435 1,,”17 8 9 101112
br) Ragged Point bs) South China Sea (3N) bt) South China Sea (6N)
Barbados (13.165° N, 59.432° W) N/A (3.0° N, 105.0° E) N/A (6.0° N, 107.0° E)
S0F—T—TT T T T T T T T T 500 T T T T S0F—T—TT T T T T T T T T
mMCBOS(EBI): R=0.60, BIAS=-24.7 ppb, NME=24.3 % MCBOS(EBI): R=0.79, BIAS=37.8 ppb, mMCBOS(EBI): R=0.28, BIAS=-4.1 ppb, NME=43.9 %
200 |CBOS(KPP): R=0.60, Bias=-26.5 ppb, NME=26.0% | 400 |mCBOS(KPP): R=0.79, BiAS=35.5 potf NME=c}. 400 mesosker): =025, Bias=-6.3 prb, NgE=4s.3 %
MOGUNTIA: R=0.48, BIAS=-24.7 ppb, NME=24.3 % MOGUNTIA: R=0.79, BIAS=42.4 ppb, ) MOGUNTIA: R=0.27, BIAS=-0.5 ppb, NIJER45.0 %
5300 |- 4 z300} 4 s300} 4
3 2 g
=) = e
<) 9 o
©200 |- - ©200 -1 ©200 |- *
= 100 |- — 100 |~ =
ol v vy ol v v ol o v
123456 78 9101112 123456 78 9101112 123456 78 9101112
ontl o ot
bu) South China Sea (9N) bv) South China Sea (12N) bw) South China Sea (15N)
N/A (9.0° N, 109.0° E) N/A (12.0° N, 111.0°E) N/A (15.0° N, 113.0° E)
S0F—T—TT T T T T T T T T T S0F—T—TT T T T T T T T T
mCBO5(EBI): 0.38, BIAS=-33.6 ppb, NME=29.1 % mCBO5(EBI): 0.75, BIAS=-36.9 ppb, NME=24.6 %
400 |cBos(KPP): R=0.38, BIAS=-35.6 ppb, NME=30.1% ] | mcBos(kpp): 400 fmceosiee): R=0.75, Bias=-35.5 ppb, NME=25.5 %
MOGUNTIA: R=0.35, BIAS=-31.3 ppb, NME=28.4 % MOGUNTIA: R=0.34, BIAS=-31.6 ppb, NME=28.2 % MOGUNTIA: R=0.72, BIAS=-34.6 ppb, NME=24.2 %
5300 |- 4
8
=3
o
©200 |- *
100 |- =
ol v vy TR T T T N S SO R A IR T T T R A R

0 0
123456 7 8 9101112 123456 789101112 123 45¢6 78 9101112
Btonth font Rtont

it i

« « OBS — mCBO5(EBI) +— mCBO5(KPP) = = MOGUNTIA

27



bx)
500

ca)

cd)
500

cg)
500

<i)
500

South China Sea (18N) by) South China Sea (21N) bz) Mahe Island
N/A (18.0° N, 113.5°E) N/A (21.0° N, 114.0° E) Seychelles (4.682° S, 55.532" E)
T T T T T T T T T T T S0 T T T T T T T T 17T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.86, BIAS=-49.2 ppb, NME=27.3 % mCBOS(EBI): R=0.91, BIAS=-38.8 ppb, NME=18.8 % mCBOS(EBI): R=0.69, BIAS=-16.8 ppb, NME=20.6 %
| mCBOS(KPP): R=0.86, BIAS=-51.1 ppb, NME=28.3 % 400 | mCBOS(KPP): R=0.91, BiAS=-40.8 ppb, NME=19.5 % 400 Jmee0s(KPP): R=0.70, BiAS=-18.6 ppb, NME=22.1 %
MOGUNTIA: R=0.85, BIAS=-46.9 ppb, NME=26.3 % MOGUNTIA: R=0.91, BIAS=-36.0 ppb, NME=17.6 % MOGUNTIA: R=0.69, BIAS=-16.1 ppb, NME=20.3 %
- H 300 [
g
=3
o
- ©200 |-
- 100 |-
ol 1 11 | L1 ol 1 11 L1
123 45 IWJ 8 9 101112 12 3 45 1,/”/7 8 9 101112
Shangdianzi Peoples cb) Southern Great Plains Oklahoma cc) Shemya Island Alaska
Republic of China (40.65° N, 117.117°E) United States (36.607° N, 97.489° W) United States (52.711° N, 174.126° E)
T T T T T 1T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
s3qpins=151.3 pob, ninfaofsg mCBOS(ER: R=0.09, BIAS=-13.8 ppb, NME10.8 % InCBOS(ESD: R=0.95, BIAS=-45.9 ppb, NME=32.3 %
Fa % 400 |mcBos(keP): R=0.06, BiAS=-15.6 ppb, NME=11.7 % 400 |cBos(keP): R=0.98, BlAS=-47.8 ppb, NME=33.7 %
fo.8 % MOGUNTIA: R=-0.19, BIAS=-10.9 ppb, NME=10.9 % MOGUNTIA: R=0.99, BIAS=-45.4 ppb, NME=32.0 %
H z300
g
=
o
- - G200
- — 100 |-

Lo ol v v ol v v
123456 78 9101112 123456 78 9101112 123456 78 9101112
ontl i ol
Tutuila ce) South Pole Antarctica cf) Ocean Station M
American Samoa (14.247° S, 170.564° W) United States (89.98° S, 24.8° W) Norway (66.0° N, 2.0° E)

T T T T T T T T T T T S0—T—T—T T T T T T T T T 7T SO0 T T T T T T T T T T
mCBOS(EBI): R=0.89, BIAS=-6.5 ppb, NME=10.1 % mCBOS(EBI): R=0.87, BIAS=1.2 ppb, NME=6.0 % mCBOS(EBI): R=0.98, BIAS=-55.3 ppb, NME=37.0 %
| mcBO5(KPP): R=0.88, BIAS=-7.9 ppb, NME=12.3 % 400 JmeBos(kPP): R=0.85, BIAS=-0.4 ppb, NME=6.2 % | 400 JmeBoskeR): 98, BIAS=-57.3 ppb, NME=38.3 %
MOGUNTIA: R=0.95, BIAS=-7.2 ppb, NME=11.3 % MOGUNTIA: R=0.90, BIAS=0.2 ppb, NME=5.9 % MOGUNTIA: R=0.96, BIAS=-55.0 ppb, NME=36.8 %

o 4 z300} E
g
=3
o
o - S200 | g
- 4 100} B
P L . o 8. 8.0
O s e Ty
Lo ol v
12345@789101112 123 45 7 8 9 101112
hontl ot
Summit ch) Syowa Station Antarctica ci) Tacolneston
Greenland (72.596° N, 38.422° W) Japan (69.013° S, 39.59° E) United Kingdom (52.518° N, 1.139° E)
T T T T T T T T T T T S0 —T—T—T T T T T T T T T S0F—T—TT T T T T T T T T
mCBO5(EBI): R=0.97, BIAS=-34.2 ppb, NME=27.3 % mCBOS(EBI): R=0.79, BIAS=-2.1 ppb, NME=7.0 % mCBOS5(EBI): R=0.18, BIAS=-19.7 ppb, NME=18.9 %
| mcBOS(KPP): R=0.97, BIAS=-36.2 ppb, NME=28.9 % 400 |meBos(er): R=0.77, BiAS=-3.7 ppb, NME=8.1 % i 400 |cBos(KPP): R=0.17, BlAS=-21.5 ppb, NME=19.6 %
MOGUNTIA: R=0.96, BIAS=-34.3 ppb, NME=27.4 % MOGUNTIA: R=0.87, BIAS=-3.0 ppb, NME=7.2 % MOGUNTIA: R=0.12, BIAS=-18.7 ppb, NME=19.2 %
4 z300} R
g
=
o
- G200 | B
— 100 |- —
L PP
G == By
Lo ol v v v ol
123456 78 9101112 123456 78 9101112 123456 78 9101112
ontl o onitt
Tae-ahn Peninsula ck) Trinidad Head California cl) shuaia
Republic of Korea (36.738° N, 126.133° E) United States (41.054° N, 124.151° W) Argentina (54.848°S, 68.311° W)
T T T T T T T T T T T LI B S0F—T—TT T T T T T T T T
mCBOS5(EBI): 0.48, BIAS: 4 ppb, NME=14.8 % .4 ppb, NME=18.9 % mCBO5(EBI): 0.93, BIAS=5.8 ppb, NME=10.5 %
| mcBOS(KPP): R=0.48, BIAS=-9.4 ppb, NME=15.0 % n | mcBOS(KPP): R=0.05, BIAS=-7.3 ppb, NME=19.5 % 400 |meBO5(KPP): R=0.92, BIAS=4.2 pPb, NME=7.8 %
MOGUNTIA: R=0.46, BIAS=-5.7 ppb, NME=14.5 % MOGUNTIA: R=-0.01, BIAS=-4.7 ppb, NME=19.6 % MOGUNTIA: R=0.95, BIAS=5.0 ppb, NME=9.0 %
- H 5300 -+ z300
g g
=3 g
o o
o - ©200} - S200}
- — 100 |- — 100 |-
=o=g - ——-
Lo Lo Lo
123 45 ?,HMZ 8 9 101112 123 435 QIU””? 8 9 101112 123 45 ?IWZ 8 9 101112
« « OBS —e mCBO5(EBI) +— mCBO5(KPP) == MOGUNTIA

28



cm)Hydrometeorological Observatory of Tiksi cn) Wendover Utah co) Ulaan Uul
Russia (71.597° N, 128.889°E) United States (39.902° N, 113.718° W) Mongolia (44.452° N, 111.096° E)
S0 T T T T T T T T T T S0 —T—T—T T T T T T T T T T S0 T T T T T T T T T
MCBOS(EBI): R=0.91, BIAS=-33.9 ppb, NME=26.4 % mCBOS(EBI): R=0.62, BIAS=-6.1 ppb, NME=9.4 % mCBOS(EBI): R=0.60, BIAS=-58.2 ppb, NME=34.5 %
400 |mcBosep: R=0.91, BiAS=-35.8 ppb, NME=27.99% | 4 | mcBoswker): R=0.61, B1AS=-3.0 ppb, NME=9.3 % | 400 |mceosker): r=0.60, Bias=-60.2 ppb, NME=35.7 %
MOGUNTIA: R=0.92, BIAS=-33.7 ppb, NME=26.3 % MOGUNTIA: R=0.55, BIAS=-5.4 ppb, NME=9.5 % MOGUNTIA: R=0.58, BIAS=-58.0 ppb, NME=34.3 %

ol v v ol v ol 1
123456 7809101112 1234567 8 9101112 123456 7809101112
i of Sci at the Arava Institute dgpfura Moody Texas cr) Mt Waliguan Peoples
Israel (29.965° N, 35.06° E) United States (31.315° N, 97.327° W) Republic of China (36.288° N, 100.896° E)
500 500 500
mCBOS(EBI): R=0.89, BIAS=-52.3 ppb, NME=35.0 % mCBOS(EBI): R=0.46, BIAS=-22.7 ppb, NME=15.3 % mCBOS(EBI): R=0.29, BIAS=-34.1 ppb, NME=22.5 %
400 | mcBoskPP): R=0.88, BiAS=-sa.1ppb, nME=36.3% | 40 | mcBos(kPP): R=0.04, BiAS=-20.4 ppb, NME=16.1% | 40 | mcBOs(cPR): R=0.28, BIAS=-36.2 ppb, NME=23.9 %
MOGUNTIA: R=0.82, BIAS=-50.8 ppb, NME=34.0 % MOGUNTIA: R=0.27, BIAS=-19.2 ppb, NME=15.6 % MOGUNTIA: R=0.23, BIAS=-33.6 ppb, NME=22.2 %
- 5300 [ .
g
=
8
- S200}- . o
. .
o o .
— 100 [~ 1
ol v v ol v ol v
123456 7809101112 1234567 8 9101112 123456 7809101112
cs) Ny Alesund Svalbard ct) Western Pacific Cruise (30S)
Norway and Sweden (78.907° N, 11.888" E) N/A (30.0° S, 168.0° E)
S0 T T T T T T T T T T S0 —T—T—T T T T T T T T T
mMCBOS(EBI): R=1.00, BIAS=-39.6 ppb, NME=29.9 % mCBOS(EBI): R=0.86, BIAS=-8.9 ppb, NME=12.8 %

4.2 %

0.86, BIAS=-10.4 ppb, NM

mCBOS(KPP): R=1.00, BIAS=-41.6 ppb, NME=31.4 %
400 |- ¢ pe!

a 400 |mesoswer):

MOGUNTIA: R: 86, BIAS=-8.8 ppb, NME=12.6 %

.99, BIAS=-39.5 ppb, NME=29.8 %

Lo T R B
12345 ¢, 7 8 9101112 123 45 ¢ 7 8 9101112

ontll ont

e« « OBS — mCBO5(EBI) +— mCBO5(KPP) - = MOGUNTIA

Figure S 4: Comparison of monthly mean surface CO flask measurements (black dots) in ppb with model results (red-line for
mCBO05(EBI), green-line for mCB05(KPP) and blue-line for MOGUNTIA) at various stations around the globe, as obtained from
NOAA database, for the year 2006.
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Figure S 5: Comparison of monthly mean surface C;Hs flask measurements (black dots) in ppb with model results (red-line for
mCBO05(EBI), green-line for mCB05(KPP) and blue-line for MOGUNTIA) at various stations around the globe, as obtained from
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Figure S 7: Comparison of TM5-MP vertical profiles (in km) of C;Hg against aircraft observations (black line) in ppt with model
results (red-line for mCB0S5(EBI), green-line for mCB0S(KPP) and blue-line for MOGUNTIA), using co-located model output for
2006 sampled at the measurement times; error bars indicate the standard deviation. The numbers on the right vertical axis
indicate the number of available measurements.
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Figure S 10: Comparison of TMS-MP vertical profiles (in km) of C3Hg against aircraft observations (black line) in ppt, with model
results (red-line for mCB05(EBI), green-line for mCB0S(KPP) and blue-line for MOGUNTIA), using co-located model output for
2006 sampled at the measurement times; error bars indicate the standard deviation. The numbers on the right vertical axis
indicate the number of available measurements.
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