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Table S1. Seasonal biases (ppbv) between observed and modeled lower tropospheric ozone (950-800 hPa) for 11
IAGOS regions from 1995-1999 to 2013-2017.

Redi 1995-1999 2013-2017

egion MAM JJA SON DJF MAM JJIA SON DJF
East Asia -7.6 9.3 1.6 -1.4 -10.5 4.6 -0.4 -10.1
India 13.6 8.1 15.3 16.2 4.9 6.4 2.8 4.8
Southeast Asia 6.9 11.3 14.3 11.2 11 3.1 114 5.6
Persian Gulf 5.7 12.5 19.7 4.3 0.4 9.5 13.7 -0.1
Malaysia/Indonesia 75 9.3 24.5 145 0.8 -1.3 0.4 4.6
Gulf of Guinea 10.3 5.6 10.2 18.2 -7.6 -2.4 13 -1.2
Northern South America 3.8 0.8 1.8 7.1 -12.5 -6.2 2.3 5.1
Europe -3.6 8.7 1.8 -4.7 4.1 3.9 0.9 -6.6
Eastern North America 2.0 13.0 10.1 -1.5 -1.8 5.8 6.7 2.1
Southeast US 7.6 15.7 10.4 2.8 -3.5 4.5 31 0.3
Western North America -3.2 13.0 3.4 -4.4 -9.9 -4.1 -6.1 -9.5
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Figure S1. Comparison of spatial distributions of the total global anthropogenic NOy, CO, and NMVOC emissions
(excluding aircraft emissions) trends over 1995-2014 in the CEDSv2 inventory (left) and the CEDScmips inventory
(right). The linear trends are estimated from the ordinary linear regression method.
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Figure S2. Same as Figure 4 but for individual sites.



Annual trends of the 95th percentiles of ozone, IAGOS vs GEOS-Chem
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Figure S3. Same as Figure 5 but for 95™ percentile ozone trends.

1000Q;




th ;
Seasonal trends of the 50 percentiles of IAGOS ozone
200 Eastern North America  Northern South America  Western North America Europe Southeast US East Asia

T :& T :
i L/
400F E i
1 I
1 1y
i i
600f 1 i
| 1
! E
800 p~ ! !
T : ' '
o 1 i i ¥ 1
<, 1000 | L 1 L, | L 1 | L
o 5 0 65 10 5 0 5 10 -5 0 5 10 - 0 10
3 Persian Gulf Southeast Asia India I
3 200 T : : T
o 1 1 1 !
& ool ¥ L 18t L% )
400 Pl : : : — MAM
| i i — JA
600F ! - b ! SON
s i : A — or
wof N} {f | s E
i i 1 1
i 1 1 1 1
I P 1 i ~ 1 1
10| P OO0 Dol RPN [0 RSG5, WIS (SN [URPS IS Wioso] DU IO B Loty ooy
5 0 5 10 5 0 5 10 5 0 5 10 -5 0 5 10 -5 0 5 10 15

Ozone trends [ppbv decade_1]
Figure S4. Same as Figure 5 but for seasonal trends of the 50th percentiles of IAGOS observed ozone.
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Figure S5. Comparison of the annual and zonal mean ozone trends in seven CMIP6 models with the GEOS-Chem
model for the period 1995 to 2014. Black lines represent the 1995-2014 climatological annual mean tropopause from
MERRA-2 reanalysis.
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Figure S6. Comparison of the annual mean tropospheric ozone column (950-250 hPa) trends in seven CMIP6 models
with the GEOS-Chem model for the period 1995 to 2014.



BASE

Anthropogenic
(including CH, + aircraft)

Aircraft only

Climate + stratosphere
(including biomass burning)

& & PPN
& P RS
g
7 5 -3 -1 05 0 05 1 3 § 7
[ppbv decade ']
Figure S7. Same as Figure 11 but for seasonal surface ozone trends.




(a) Stratospheric ozone burden in GEOS-Chem
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(b) STE ozone flux estimated using the residual budget method
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(c) STE ozone flux estimated as the vertical ozone flux at 100 hPa
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Figure S8. Evolution of GEOS-Chem stratospheric 0zone burden and stratosphere-troposphere exchange (STE) ozone
flux estimated by two methods in 1995-2017. Please see Section 3.3 in the text for more information.
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Figure S9. Annual zonal mean values of the radiative kernel (mwW m=2 DU™) for (a) SW radiative forcing and (b) LW
radiative forcing from Skeie et al. (2020). The annual global mean values are shown inset.
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