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S1 Evaluation scenarios

S1.1 General simulation setup and input profiles

In addition to the scenario setups described in Sect. 4.2, solar positions for scenarios with dynamic photolysis are computed

assuming a latitude of 45 � and a longitude of 0 �, with the simulation date set to 1 January 2015 (00:00 local time). Photolysis

rates are prescribed using the solarlight.phot lookup table distributed with the GECKO-A box model Zenodo release

(Aumont et al., 2025).

For all non-diurnal scenarios, initial concentration profiles are summarized in Table S1. For the diurnal scenario, hourly

concentration profiles are prescribed, as listed in Table S2.

Table S1. Initial gas-phase species concentrations (molecules cm�3) specified for non-diurnal scenarios.

Species namea urbanb remote continental poll-cont remote-cont simplifiedc

O3 GO3 1�1012 1�1012 1�1012 1�1012 1�1012 1�1012

NO GNO 1.42�1011 4.82�107 2.59�109 1.05�1010 1.17�108 1.42�1011

NO2 GNO2 3.58�1011 2.02�108 9.91�109 3.95�1010 5.08�108 3.58�1011

HCHO GCH2O 9.32�102 1.05�103 1.14�103 8.76�102 1.14�103 –

CO GCO 1.11�105 1.33�105 1.47�105 1.01�105 1.48�105 –

CO2 GCO2 1.51�105 1.26�105 1.10�105 1.63�105 1.09�105 –

H2 GH2 8.61�104 9.21�104 9.59�104 8.35�104 9.61�104 –

H2O GH2O 5.33�1017 5.33�1017 5.33�1017 5.33�1017 5.33�1017 –

H2O2 GH2O2 2.22�109 8.29�1011 1.81�1011 1.56�1011 6.65�1011 –

HONO GHNO2 3.54�109 8.84�105 3.67�107 3.03�108 1.66�106 –

HNO3 GHNO3 9.04�1011 3.78�108 1.43�1010 1.15�1011 7.38�108 –

HNO4 GHNO4 3.41�108 3.45�106 7.50�107 3.29�108 7.36�106 –

OH GHO 5.11�106 3.73�106 2.87�106 5.92�106 2.88�106 –

HO2 GHO2 8.41�107 1.51�109 6.68�108 7.35�108 1.28�109 –

CH3ONO2 GN01001 1.04�105 1.07�105 1.08�105 1.02�105 1.08�105 –

N2O5 GN2O5 3.49�107 2.10�102 3.78�105 3.58�106 1.30�103 –

NO3 GNO3 3.12�106 3.33�104 1.22�106 2.90�106 8.22�104 –

O2 GO2 4.87�1018 4.87�1018 4.87�1018 4.87�1018 4.87�1018 –

O(3P) GO3P 4.68�104 6.18�103 7.29�103 1.06�104 6.22�103 –
a Species name as used in GECKO-A mechanisms. For O3 with fixed profiles, the initial concentration equals the fixed value. For NOx (NO +

NO2), the total concentration is fixed, and the NO/NO2 ratio is set by the initial concentrations.
b Same values are applied to the urban-nophot and urban-highphot scenarios.
c Same values are applied to the simpl-nophot and simpl-highphot scenarios.
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Table S2. Hourly profiles (0–23 hour) of species concentrations (molecules cm�3) and environmental parameters specified for the diurnal

scenario. The diurnal constraints are derived from the 2013 Southern Oxidant and Aerosol Study (SOAS) field campaign compiled into a

24 h diurnal cycle at 1 h resolution and distributed with the F0AM box model framework. The corresponding data are provided in the F0AM

example file ExampleSetup_DielCycle.m, archived in the F0AM Zenodo release (Wolfe and Haskins, 2023). Units are converted as

needed to ensure consistency with the GECKO-A box model setup. Primary VOC (PVOC) concentrations adopt the corresponding �-pinene

diurnal profile.

Hour OH NO NO2 O3 PVOC PRESa RH (%) SZA (�) T (K)

0 1.71�105 1.13�108 1.63�1010 5.21�1011 1.16�1010 2.44�1019 85.2 90.0 296.91

1 1.78�105 1.67�108 1.92�1010 4.60�1011 1.29�1010 2.45�1019 88.7 90.0 296.18

2 1.40�105 1.16�108 2.13�1010 4.29�1011 1.30�1010 2.45�1019 90.8 90.0 295.61

3 9.21�103 6.95�107 2.08�1010 4.22�1011 1.53�1010 2.46�1019 91.9 90.0 295.20

4 8.42�104 2.52�108 3.10�1010 4.04�1011 1.49�1010 2.46�1019 92.1 90.0 294.91

5 1.70�105 4.63�108 2.50�1010 3.27�1011 1.47�1010 2.46�1019 94.8 90.0 294.32

6 1.10�104 1.46�109 2.57�1010 3.05�1011 1.37�1010 2.47�1019 95.7 87.1 294.08

7 2.36�105 6.89�109 2.35�1010 2.79�1011 1.60�1010 2.47�1019 94.8 76.2 294.50

8 4.34�105 8.23�109 2.24�1010 3.82�1011 9.37�109 2.45�1019 89.8 63.6 296.18

9 7.80�105 5.63�109 1.76�1010 5.36�1011 7.76�109 2.44�1019 83.2 51.2 297.88

10 1.08�106 3.46�109 1.38�1010 6.39�1011 5.38�109 2.43�1019 79.6 39.1 298.84

11 1.17�106 1.89�109 9.57�109 7.35�1011 4.68�109 2.42�1019 74.2 26.2 299.76

12 1.53�106 1.22�109 6.91�109 8.34�1011 3.72�109 2.42�1019 69.4 14.8 300.68

13 1.64�106 1.00�109 5.85�109 8.65�1011 3.73�109 2.41�1019 65.5 9.8 301.30

14 1.49�106 9.64�108 4.92�109 9.03�1011 3.53�109 2.40�1019 61.2 17.9 302.05

15 1.47�106 8.93�108 5.34�109 9.56�1011 3.17�109 2.40�1019 58.7 29.8 302.64

16 1.24�106 9.01�108 5.57�109 9.58�1011 3.60�109 2.40�1019 59.1 41.8 302.61

17 9.92�105 1.02�109 7.14�109 9.72�1011 3.72�109 2.39�1019 57.6 54.9 302.76

18 5.41�105 6.82�108 8.16�109 9.93�1011 3.79�109 2.40�1019 59.5 67.2 302.41

19 3.11�105 3.33�108 8.51�109 9.18�1011 5.18�109 2.40�1019 62.2 78.7 301.73

20 2.46�105 5.72�107 1.17�1010 8.68�1011 5.94�109 2.41�1019 66.6 89.6 300.75

21 2.45�105 0 1.40�1010 7.60�1011 6.47�109 2.42�1019 72.0 90.0 299.65

22 1.52�105 1.31�108 1.32�1010 6.25�1011 1.79�1010 2.43�1019 78.6 90.0 298.52

23 2.17�105 8.63�107 1.14�1010 5.68�1011 8.06�109 2.43�1019 80.2 90.0 298.02
a Pressure (PRES) is expressed as air number density (molecules cm−3). Hourly input settings for PRES, RH, SZA, and T are currently available only in the

GENOA-coupled version of the GECKO-A box model.
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S1.2 Time series of key oxidants and radicals

Figures S1–S6 present the time series of key oxidant and radical concentrations (O3, NOx, HOx, RO2, NO3) simulated using

the reference mechanisms for each VOC class (Cs, Us, MTs) under 11 evaluation scenarios. For readability, results are split

into two scenario groups (“g1” with six scenarios: urban, remote, continental, poll-cont, remote-cont, diurnal; “g2” with five

scenarios: simplified, simpl-nophot, simpl-highphot, urban-nophot, urban-highphot). In each panel, the blue line indicates

the mean time series, and the gray shaded area denotes the simulated minimum-to-maximum range across all VOC in the

corresponding group.
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Figure S1. Time series of key oxidant and radical concentrations simulated using the reference Cs mechanisms (C5–C16) under scenario

group g1.
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Figure S2. Time series of key oxidant and radical concentrations simulated using the reference Cs mechanisms (C5–C16) under scenario

group g2.
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Figure S3. Time series of key oxidant and radical concentrations simulated using the reference Us mechanisms (U5–U16) under scenario

group g1.
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Figure S4. Time series of key oxidant and radical concentrations simulated using the reference Us mechanisms (U5–U16) under scenario

group g2.
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Figure S5. Time series of key oxidant and radical concentrations simulated using the reference MTs mechanisms (�-pinene, �-pinene,

limonene, camphene, and carene) under scenario group g1.
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