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S1 OH fields from CCMI REF-C1 experiments.

We compare spatial and vertical distributions of OH fields from REF-C1 (main text) with that from REF-
C1SD to access influences from dynamic biases. Of CCMI models included in this study, 7 models
conducted REF-C1SD experiments (EMAC offers fields at two different model resolutions). Fig. S1
shows the spatial distributions of volume-weighted tropospheric mean [OH] averaged from 2000 to 2010
simulated by REF-C1SD experiments, Table S1 summarizes their inter-hemispheric ratios and mean
values over four latitudinal bands. The volume-weighted mean [OH] averaged over the troposphere and
over three pressure latitudinal intervals are calculated in Table S2. By comparing Fig. S1, table S1, and
table S2 with Fig. 2, table 3, and table 4, respectively, we find that OH fields from REF-C1 and REF-
C1SD experiments show similar spatial and vertical distributions. Only CESM and MOCAGE simulated
recognizable different N/S ratios (small differences within 0.1-0.2) by REF-C1 and REF-C1SD
experiments, and the differences in mean OH over four latitudinal bands and latitudinal intervals are

within 10%.

Table S1. Inter-hemispheric ratios (N/S) of hemispheric mean OH and volume-weighted tropospheric
mean [OH] for four latitude bands (in 10° molec.cm™) averaged over the years 2000 to 2010 from CCMI
REF-C1SD experiment.

OH fields N/_S 90<5-30S 305-0° 030N 30N-90N

ratio (10° molec.cm®) | (10° molec.cm®) | (10° molec.cm?) | (10° molec.cm)
CESM1-CAM4Chem 1.3 6.3 13.3 15.9 8.7

CESM1-WACCM 1.2 6.6 13.3 15.9 9

CMAM 1.2 5.8 12.8 13.7 8.1
EMAC-L4A7TMA 1.2 6.4 14.1 15.6 8.5
EMAC-L90OMA 1.2 6.2 135 15.1 8.4
MOCAGE 1.3 6.1 12.1 145 8.9
MRI-ESM1r1 1.2 4.7 14.2 15.7 6.9
UMUKCA-UCAM 1.3 5.6 13.9 15.2 10.1




Table S2. Global mean [OH] averaged over the troposphere and three vertical pressure levels (in 10°

molec cm) over the years 2000 to 2010 from CCMI REF-C1SD experiment.

Tp! | 750 | 500 | 250

CESM1-CAM4Chem | 11.1 | 121 | 13.1 | 115
CESM1-WACCM 112 | 123 | 134 | 1138
CMAM 10.1 | 143 | 10.9 | 10.8
EMAC-L47TMA 112 | 124 | 124 | 111
EMAC-L9OMA 109 | 123 | 121 | 10.2
MOCAGE 104 | 19.2 | 15 7.3
MRI-ESM1r1 105 | 124 | 108 | 9.7
UMUKCA-UCAM 11.2 | 16.0 | 124 | 10.6

1 Tp refers to the volume-weighted tropospheric mean [OH], 750 refers to the volume-weighted average
from the surface to 750hPa, 500 refers to the volume-weighted average from 750hPa to 500 hPa, and 250
refers to the volume-weighted average from 500 to 250hPa.

Table S3. Lightning NOx emission (Tg N yr™) over pressure altitude levers of CCMI models over 2000-

2010.
Surfce- | 800- 600- 400- 300- 200- 100- ¢

800hPa | 600hPa | 400hPa | 300hPa | 200hPa | 100hPa | 1hPa P

CMAM 0.6 0.3 0.4 0.8 11 11 0 4.2
EMAC-L90MA 0.1 0.3 0.6 0.5 1 1.2 0.1 3.7
CESM1-WACCM 0.2 0.3 1.1 1.3 1.2 0.2 0 4.2
GEOSCCM 0.1 0.7 2 1.4 11 0.3 0 5.6
MOCAGE 0.2 0.4 1.9 0.9 0.9 0.6 0 4.8
MRI-ESM1r1 1.3 0.5 0.9 1.4 2.9 3.5 0.1 |10.2
SOCOL3 0.1 0.4 1.1 0.9 1.2 0.8 0 4.4

Table S4. Global volume-weighted mean O(*D) photolysis rate and Specific humidity averaged over the whole
troposphere and three pressure altitude levels for CCMI models over 2000 to 2010.* Multi-model means
and standard deviations (Mean =stand. dev.) are also shown.

O(*D) photolysis rate 105 s Specific humidity (g/kg)
750 500 250 Tp? 750 500 250 Tp
CESM1-CAM4Chem 0.9 1.3 15 1.3 7.3 2.6 0.6 2.9
CESM1-WACCM 1.0 1.3 1.6 1.3 7.2 2.6 0.6 2.9
CMAM 0.9 1.2 1.3 1.1 6.3 2.1 0.5 2.5
EMAC-L47TMA 0.7 1 1.3 1.1 7.3 2.5 0.5 2.9
EMAC-L90MA 0.7 1 1.3 1.1 7.2 2.6 0.5 2.9
GEOSCCM 0.6 0.8 0.9 0.8 7.1 2.8 0.7 3
MOCAGE / / / / 6.8 2.3 0.5 2.7
MRI-ESM1rl 0.7 0.9 11 0.9 7.4 2.6 0.5 3
SOCOL3 0.7 0.8 0.9 0.8 7.2 2.8 0.6 3
Mean +stand. dev. | 0.840.1 | 1.040.2 | 1.240.3 1.14.2 | 7.140.3 | 2540.2 | 0.640.1 | 2.940.2




! HadGEM3-ES and UMUKCA-UCAM are not analyzed since model output has been regridded to too
coarse vertical pressure levels.
2 Tp refers to the total tropospheric average, 750 refers to the average from the surface to 750hPa, 500
refers to the average from 750hPa to 500hPa, and 250 refers to the average from 500hPa to 250hPa.

Table S5. Tropospheric mean stratosphere ozone and O(*D) photolysis rate for four latitudinal bands

averaged from 2000 to 2010. Multi-model means and standard deviations (Mean *stand. dev.) are also

shown.

Stratosphere ozone O(*D) photolysis rates (10° s™)

90<5- | 30°5- 0= 30N- | 905- | 30°5- 0= 30N-

305 0° 30N | 90N | 30<S 0° 30N | 90N
CESM1-CAM4Chem 272 222 225 300 |o.8 1.8 1.8 0.7
CESM1-WACCM 261 219 223 286 |0.8 1.9 1.8 0.7
CMAM 269 228 230 293 |08 1.6 1.6 0.6
EMAC-L47TMA 298 232 232 299 |06 1.5 1.5 0.6
EMAC-L90MA 291 233 233 293 |07 1.5 1.5 0.6
GEOSCCM 249 216 219 286 |06 1.2 1.1 0.4
HadGEM3-ES 282 245 248 297 / / / /
MOCAGE 212 224 245 280 / / / /
MRI-ESM1rl1 280 238 238 301 |06 1.3 1.3 0.5
SOCOL3 277 238 238 297 | 0.6 1.1 1.1 0.5
UMUKCA-UCAM 241 236 236 256 |/ / / /

Mean =*stand. dev. 267125 | 23049 | 23349 | 289#13 | 0.740.1 | 1.540.3 | 1.540.3 | 0.640.1

Table S6. CHq loss by OH oxidation (unit: Tg yr?) as simulated by LMDz using different OH fields
and repeating year 2000 over 30 times.

Run name TransCom | INVSAT | INCA | CESM1- | CMAM | EMAC- | GEOSCCM | MOCAGE MRI- SOCOL3
WACCM L90OMA ESM1rl

300N | 42.9 58 | 531 56 56 51 50.2 702 | 542 | 797
& & owN | 905 1065 1051 1019 115 1062 938 1237 | 1116 @ 1129
:,%) B o030%s | 779 | 8.1 | 835 746 | 899 796 75.2 91.7 | 854 774

30-90%5 | 16.7 163 186 185 | 182 @ 181 17.7 243 | 165 @ 207
s | 309%WN| 258 259 | 257 28 229 268 26.4 261 | 226 @ 311
% 030N | 668 | 564 575 595 | 495 | 57.9 63.5 511 | 544 491
D 030 61 456 | 463 45 | 389 444 49.9 346 | 428 @ 355
R a0 | 151 106 122 112 96 13 11.7 9.2 9 10.5
s | 309%WN| 99 115 119 138 119 | 123 12,6 8.8 112 | 128
% 030N | 26.1 219 | 233 274 | 264 257 31 167 | 269 | 197
S os0s | 247 177 | 192 207 | 215 | 202 23.6 115 | 208 144
B 3000 7 56 @ 62 58 54 | 6.1 6 3 4.8 45
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Figure S1. The spatial distributions of volume-weighted tropospheric mean OH fields CCMI REF-C1SD
experiments averaged for 2000-2010 . Global mean values (105 molec cm-3) are shown as insets.

Multi-mpdel mean Stand. dev. Stand. dev. /Multi-model mean

<
2 4 6 8 10 12 14 16 18 20 25 05 1.0 1.5 20 25 3.0 35 40 5.0 2 5 10 15 20 25 30 35 40 50
10° molec cm® 10° molec cm® %

Figure S2. Multi-model mean (left), standard deviation(middle). and standard deviation relative to
multi-model mean of tropospheric mean OH fields shown in figure 2.
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Figure S3. Vertical distribution of [OH] averaged over four latitude bands and over the years 2000 to
2010. Color lines represent [OH] from individual model simulations, black lines represent multi-model
mean values and grey shades represent the standard deviations.
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Figure S4. Monthly total column ozone bias from CCMI simulations averaged over 2000-2010 compared
to satellite measurements from Total Ozone Mapping Spectrometer/solar backscatter ultraviolet

(TOMS/SBUV) (model minus measurement).
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Figure S5. Spatial distributions of NOx and CO emissions inputted to MOCAGE (a, €) REF-C1
experiments averaged from 2000 to 2009 and differences of MOCAGE with MRI-ESM1rl (b, f),
GEOSCCM(c, g) and EMAC (d, h).
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Figure S6a. Spatial distribution of tropospheric specific humidity trends from 2000 to 2010 (in 10 g/kg
year™). Black dots denote model grid-cells with statistically significant trends (p-value < 0.05).
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Figure S6b. Spatial distribution of NOx (top panels) and CO (bottom panels) trend from 2000 to 2010
(in %). Black dots denote model grid-cells with statistically significant trends (p-value < 0.05).
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Figure S6c. Spatial distribution of stratosphere O3 column trends from 2000 to 2010 (in DU year™). Black
dots denote model grid-cells with statistically significant trends (p-value < 0.05).



