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1. Extended UKCA Box-Model analysis.

The following is a short discussion of the extra model scenarios carried out for the BoxModel analysis: Rural,
Marin and Strat. Equivalent figures to Figures 2 and 3 from the main paper are included for each of these scenarios.
The Urban scenario proved to be the most challenging to solve, and have the largest errors, so is shown in the
main paper. The QN methods proved to be robust and improved solving speed in all scenarios. However, the
choice of what was the ideal iteration number to call the QN iterations varied from scenario to scenario. In the
Urban scenario, calling the QN iteration after the first NR iteration often increased the number of iterations
required to reach a stable solution, so was counter-productive. In the Rural, Marine and Strat runs, calling the QN
method on the first iteration is generally effective at reducing the number of FN iterations required. However,
given that the Urban cases were generally the most challenging to solve, the risk of calling the QN on the first
iteration causing increase instability was considered to great. In all scenarios, the QN2-3 experiment consistently

improved over the CTNL run, so was the setup chosen to be used in the 3D model.
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Figure S1. Same as Figure 2 in main paper, but for the Rural scenario
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Figure S2. Same as Figure 3 in main paper, but for the Rural scenario



(a) Os Concentrations; Marine (b) O3 Absolute Differences; Marine
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Figure S3. Same as Figure 2 in main paper, but for the Marine scenario
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(a) Marine, CNTL (b) Marine, QN 1 (c) Marine, QN 1-2
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Figure S4. Same as Figure 3 in main paper, but for the Marine scenario



(a) Os Concentrations; Strat (b) O3 Absolute Differences; Strat

(c)

O3 Fractional Differences; Strat
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Figure S5. Same as Figure 2 in main paper, but for the Strat scenario
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(a) Strat, CNTL (b) Strat, QN 1 (c) Strat, QN 1-2
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Figure S6. Same as Figure 3 in main paper, but for the Strat scenario

2. ADDITIONAL UM-UKCA PLOTS and ANALYSIS
a) QN Performance over 20-year run

The following plot gives a neat visual of the performance of the QN method for the 20-year run on 432

cores.
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Figure S7. UM speed up for the StratTrop and StratTrop-GLOMAP modes with CNTL and QN implemented runs

b) Time Dependence of Differences Between Simulations and Bias
For the results to be reliable not only we need to show high accuracy (small difference) as demonstrated in the
article but also that the differences between the modified and original simulations do not grow and stay bounded
in time.
The first set of three plots (S8-S10) below show, for the OH, normalised absolute mean difference (NMAD),
normalised root mean square difference (NRMSD) and normalised mean bias (NMB). The second set of three

plots show the same quantities for the Ozone.
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Figure S8. NMAD for monthly averaged OH concentration for the StratTrop Run (Years 2001-2010).
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Figure S9. NRMSD for monthly averaged OH concentration for the StratTrop Run (Years 2001-2010).
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Figure S10. NMB for monthly averaged OH concentration for the StratTrop Run (Years 2001-2010).
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Figure S11. NMAD of monthly averaged Ozone concentration for the StratTrop Run (Years 2001-2010).



Figure S12. NRMSD of monthly averaged Ozone concentration for the StratTrop Run (Years 2001-2010).
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Figure S/3. NMB of monthly averaged OH concentration for the StratTrop Run (Years 2001-2010).



