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Table S1. Uncertainty ranges used for the model simulations and for construction of the emulators. The sensitivity analysis described in the

paper uses a reduced subset of this parameter space that better reflects comparable uncertainty estimates across the eight variables.

Variables Full Range

Surface NOx emissions 30-50 TgN yr—*
Lightning NO emissions 2-8 TgNyr !
Biogenic isoprene emissions  200-800 TgC yr~*
Dry deposition rates +80%

Wet deposition rates +80%
Atmospheric humidity +50%

Cloud optical depth x 0.1-10
Boundary layer mixing % 0.01-100

Table S2. Comparison of the conditions from the control run of each model.

Variables FRSGC/UCI GISS GCM  CAM-Chem
Surface NOx emissions, TgN yr~* 40 40 40
Lightning NO emissions, TgN yr—! 5 5 5
Isoprene emissions, TgC yr~—* 500 500 500
Methane mixing ratio, ppb 1760 1760 1760
Tropospheric ozone burden, Tg 314 342 333
Methane chemical lifetime, yr 8.86 11.65 9.44
Annual mean total column ozone (global), DU 321 294 295
Annual mean total column ozone (tropical), DU 265 263 258
Annual mean mass of water vapour, 10'° kg 1.26 1.21 -




FRSGC/UCI Surface Ozone in July GISS GCM Surface Ozone in July CAM-Chem Surface Ozone in July

e | <
b = e il P > Y
N 4 iy
5 7 i BT SRR AEN
b ~ ™
= P = 7 =
el 5 > D (< £
b I 1L B i = ]
£ £ 24
| | B O s 2 I I I B | ] Lt T T T T | Lt T T T T
= ] ] = 1 ] = i .|
Surface Ozone /ppb Surface Ozone /ppb Surface Ozone /ppb
- - - - B TR R
FRSGC/UCI Surface NOXx in July GISS GCM Surface NOx in July CAM-Chem Surface NOx in July
e L 1] e e 1] e e 1]
S 2 e e B SapEEd —— Pl naes S NEANP =
] . v 2 1H M Y v | v
o Y i 5. d S Ty oy e[S <
> It 5 =L ™ et > Uk, R
DRI i D7 - i 7 -
7 \‘( = bl ( =T B D et { =
— = — = —
& M | ¥ K [l ] e |
£ £ 4
- LAt~ T T T T | Lt T T T T | I R B e e T i I e
= ] ] = 1 ] = 1 ]
A Surface NOx_/ppb_ ar Surface NOx_/ppb A Surface NOx_/ppb.
o o o na pls o o o na i % o5 o g pls
FRSGC/UCI Surface Isoprene in July GISS GCM Surface Isoprene in July CAM-Chem Surface Isoprene in July
A =1 [ I - I e A ) I e R
= B ERNEEHE AR T FE R [ et TP SE SRR oty
P A 4 IPAY I > B 4
S 1 R[S Tohg R[S Tty
> L D L N ot D NTAL. ™
B = 1Y) B i R = o 5
VY = VY i - TS =
— — - e
& cillp K [ 1 o |
£ ¥4 4
e e e ot M o I e e fd A~ T T T e d AT T T T
= ] ] = i ] = 1 ]
P Surfoce tsoprene /opb P Suace sopene o> - Sutae bopene g
L A S - v L = L e LI - 4
FRSGC/UCI PAN at 500 hPa in July GISS GCM PAN at 500 hPa in July CAM-Chem PAN at 500 hPa in July
e T ] g A P ]
EET by 8! P T BE > i & iy 8! =T e
2 ¥ 5 Ny IR PAY AT r “
s N 3! i 9 gl - b stg
] 3] 3
. S . NUAL \ I il . N P o o]
B B B
I L N M = N [ Sl
( RSN ( R R \ ( TR
L il q | s il
£ o | £ o o g |
£ %4 4
| 1sg I O e s B N I e L 1sqg N O N R I e d AT T T T
= ] ] = 1 L = 1 |
PAN at 500 hPa_Jopb PAN at 500 hPa Joo0 PAN 2t 500 hPa Jppb
a— - a— - B — =
U o oz 03 o4 o5 oo 0T 0% Wo o1 o2 03 o4 o5 oo 0T 00 %o o1 02 03 o4 o oo 0T 08
FRSGC/UCI Specific Humidity at 500 hPa in July GISS GCM Specific Humidity at 500 hPa in July CAM-Chem Specific Humidity at 500 hPa in July
= % T o | o= || = % T | e || = % T o | e
EE T IR | AT T S | R [ A [ AT T R | R RELEPAS
Y IGPAY Y N ERTPAY ]
s S Tl 73 R 1) i e
[N N N NOAL N - *
S r—\ﬁ—é TN e 7 o F
f = b = - VI
— — - -
i o | ¥ o I i ¥
%4 ¥4 #4
e e e it I ol M S s - | s e et N e o R B | s e e it e N MY -
= ] ] = 1 = 1 |

Specific Humiaity Ja/ Speciic umidity g/ Specific Humiaity g/
A e e — A e — A e e —

00 20 a0 60 00 20 40 60 00 20 4.0 60

Figure S1. Monthly mean results for July from the control run of each model showing mean surface ozone (top), surface NOy (row 2),

surface isoprene (row 3), peroxyacetyl nitrate (PAN) at 500 hPa (row 4) and specific humidity at 500 hPa (bottom).
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Figure S2. Annual mean results from the control run of each model showing tropospheric ozone column (top), tropospheric NO2 column

(row 2), tropospheric CO column (row 3) and total column ozone (bottom).
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Figure S3. Contributions (in %) to the total variance in the annual tropospheric column CH4 chemical loss rate in each model from humidity,

isoprene emissions and surface NOy emissions.
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Figure S4. Probability distributions for the global annual mean tropospheric O3 burden (top row) and tropospheric chemical lifetime of CHy
(bottom row) for each model over the full sensitivity range shown in Table S1. The mean and standard deviation over 10,000 realizations are

shown on the upper right of each panel, and observation-based estimates of O3 burden and CHy lifetime are shown shaded.
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Figure S5. Contributions of each variable to the total variance in the simulated tropospheric O3 burden (top row) and annual mean CHy4

chemical lifetime (bottom row) in each model over the full sensitivity range shown in Table S1.



