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Supplemental Table S1: Mapping of MOZART species (rows) to the lumped Reduced Hydrocarbon mechanism species 

(columns) 5 
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Table S2: Full description of Super-Fast chemical mechanism as compared to the MOZART-4 mechanism of Emmons 

et al. (2010). Reaction rates are written out if they are of the Arrenhius form, or otherwise formulated. If the reaction 

rates are of the Troe form, they list the ko and ki parameters, as in Emmons et al. (2010). The simplifications made in 5 

the SF are noted by indicating what species is missing or modified when compared to Emmons et al. (2010). Chemical 

species are the same as in Emmons et al. (2010).  
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Table S3: Summary Statistics for the Daily Maximum 8-Hour (DM8H) O3 over the globe other regions, accompanying 

Table 2. The last two columns indicate the difference between the 99th percentile and the 90th percentile, expressed both in 

absolute values (ppb) and as a percent. 

 5 
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Supplemental Description of the Super-Fast Chemical Mechanism 

The SF mechanism has been included in several model inter-comparison projects, including the ACCMIP (e.g. 

Lamarque et al., 2013), a comparison of stratospheric dynamics and ozone production (Hsu et al., 2013), a comparison of 

isoprene mechanisms and ozone changes (Squire et al., 2015), and a multi-model assessment of surface ozone and 5 

observations (Schnell et al., 2015). The SF mechanism was also used to examine the role of DMS within ENSO (Xu et al., 

2016). Here we briefly review the findings of these four model inter-comparison projects. 

The SF only simulates sulfate (SO4) and not the other aerosols, so the SF mechanism was not included in many of 

the ACCMIP aerosol comparisons (Lamarque et al., 2013). While the inclusion of non-sulfate aerosols within the CESM can 

be easily accomplished, there are two aerosol modules (either bulk or modal) to which aerosols could be added, which was 10 

beyond the scope of this project, so aerosol model capabilities are not examined in the present study. 

 We now summarize the ACCMIP results as they pertain to the SF mechanism. Within the ACCMIP, the SF 

mechanism has lower rates of ozone production and loss compared to the ACCENT models (biases of -24% and -22% 

respectively), as well as low ozone deposition (bias of -38%) (Young et al., 2013). In this comparison, natural emissions 

were not prescribed and different treatments of meteorology were used, which may account for some of the noted 15 

differences. This results in a high bias for the ozone lifetime (+3 days, or +14%), as well as a low ozone burden bias (-34 Tg, 

or -10%) (Young et al., 2013). In addition, the models that showed similarly low ozone production and loss rates have lower 

emissions of VOCs. The SF mechanism falls within the ACCMIP range for human health results due to ozone exposure 

(Silva et al., 2013). The SF mechanism simulated the 1850-2000 changes in the tropospheric ozone column within the range 

of the ACCMIP models, and projected changes to the ozone radiative forcing for future RCP scenarios also fell within the 20 

ACCMIP range (Stevenson et al., 2013). However, the calculated historical change in ozone RF fell outside of the ACCMIP 

range (+20% bias). The SF mechanism also has a high bias for global-mean OH (+16% compared to the ACCMIP mean) 

and a low bias for the calculation of the methane lifetime due to OH oxidation (-14%) (Voulgarakis et al., 2013). 

The SF mechanism was tested against MOZART by Hsu et al. (2013) who concluded that the selection of a 

chemical mechanism was only a secondary influence on the stratospheric chemistry since they used a linearized scheme. 25 

However, the SF mechanism did produce a less stratified tropopause and a warmer troposphere due largely to the impact of 

ozone forcings on the simulated dynamics and thermodynamics. Unfortunately, the Hsu et al. (2013) analysis had a bug with 

their SF simulations, which resulted in the aerosols not being communicated to the cloud nucleation routines, but this didn’t 

affect their conclusions on the sensitivity of the stratosphere to uncertainty in the O2 photolysis cross-section.  

Squire et al. (2015) compared the SF isoprene scheme with three other schemes of much greater complexity. They 30 

concluded that the “1-species, 2-reaction” isoprene scheme from the SF mechanism, as simple as it is, is preferable to 

neglecting biogenic chemistry entirely, although the SF mechanism shows the highest biases in regions where isoprene 

chemistry is important for simulating accurate ozone concentrations. They also explored some of the other biases within the 

SF mechanism scheme, which include: (1) under high-isoprene conditions, the SF mechanism overestimates O3; (2) under 
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low-isoprene and low-NOx conditions, the SF mechanism overestimates O3; (3) due to the simplicity of SF mechanism, HOx 

is sequestered into the organic hydroperoxides, and methyl hydroperoxide (CH3OOH) has low reactivity, which results in 

high levels of the peroxy radicals, an enhanced rate of CH3O2 + NO, and therefore a high bias (up to +80%) for ozone; and 

(4) the NOx lifetime is too short, except in high-NOx emission regions. They conclude that the addition of a PAN formation 

scheme would significantly improve the O3 distribution. Finally, they find that many of the errors described above largely 5 

cancel each other out, which results in the globally averaged O3 bias for SF mechanism to be small (-2.6% compared to the 

Master Chemical Mechanism). 

The SF mechanism has a known anomalous annual cycle (see Schnell et al., 2015), in which peak ozone occurs in 

March/April rather than May. In the main article we show that this anomaly exists at global scales, but not within all regions. 

In addition, the size and extent of ozone pollution episodes is anomalously high, and these large events occur mainly in the 10 

springtime (Schnell et al., 2015). Interestingly, the SF mechanism outperforms many of the more sophisticated mechanisms 

in simulating the observed summertime diurnal cycle for ozone (Schnell et al., 2015).  
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