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Abstract.

Marine sulfur species play a key role in the Earth system, but simulating their complex oxidation mechanisms is a significant
challenge for Earth system models. We have taken a comprehensive gas-phase mechanism of the OH and NOjs-initiated oxi-
dation of dimethyl sulfide and methanethiol (156 reactions and 55 sulfur species) and generated a series of reduced complexity
mechanisms using an automated rates-based approach for future incorporation into global models. Four reduced mechanisms
were produced, ranging from 38-91 reactions. While the error in the reduced mechanisms typically increased with fewer re-
actions, the smallest mechanism, which included 38 reactions and 18 species, had an average error of less than 15% in the
concentrations of key sulfur species compared to the full mechanism. This reduced mechanism was compared to a published
mechanism of similar size (38 reactions) used in global modelling, which showed average concentrations of methanesulfonic
acid and OCS differed by factors of 15 and 3.6, respectively, across all marine box models. While the most reduced mechanism
constitutes a large increase in the number of reactions and species typically used in Earth system models for dimethyl sulfide
and methanethiol, it provides a traceable link to the most recent experimental work on the subject. To assess its performance in
a global modelling framework, an adapted reduced mechanism from this work was implemented into UKCA/UKESM, where
it outperformed the highly simplified StratTrop dimethyl sulfide oxidation mechanism when evaluated against ATom-3 and

ATom-4 measurements.

1 Introduction

Dimethyl sulfide (CH3SCHg3, DMS) is the largest natural source of sulfur in the atmosphere, with around 28 Tg S emitted
annually from phytoplankton (Lana et al., 2011). Additionally, methanethiol (CH3SH, MeSH) has recently been found as
another large source of sulfur in the atmosphere, with emissions around 15-40% of DMS emissions (Wohl et al., 2024). The
products of both DMS and CH3SH include sulfuric acid (H3SO4, SA) and methanesulfonic acid (CH3SOsH, MSA), species
known to contribute to cloud condensation nuclei (Curry and Webster, 1999; Boy et al., 2005; Kulmala, 2003), and new particle
formation (Kerminen et al., 2018; Covert et al., 1992; Beck et al., 2021; Baalbaki et al., 2026). DMS chemistry affects indirect

radiative forcing, which in turn will affect the modelling of global climate and predictions of future climate scenarios (Fung
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et al., 2022; Szopa et al., 2021). As such, an accurate representation of DMS oxidation in Earth system models is needed to
improve their modelling of Earth’s radiative balance, and subsequently, predictions of global average temperatures.

Following the recent rejuvenation of interest in volatile sulfur chemistry after the discovery of hydroperoxymethyl thio-
formate (OCHSCH3;OOH, HPMTF, Veres et al. (2020)), and large emissions of CH3SH (Wohl et al., 2024), several studies
have revised the treatment of DMS and CH3SH, incorporating updated reactions and rate constants from experimental and
theoretical studies into global chemical transport models such as GEOS-Chem (Chen et al., 2023; Tashmim et al., 2024) and
COSMO-MUSCAT (Hoffmann et al., 2020), and Earth system models such as UKCA/UKESM (Cala et al., 2023) and CAM6-
Chem/CESM2 (Fung et al., 2022). These DMS oxidation mechanisms have not undergone evaluation using chamber studies,
as done with the mechanism from Jacob et al. (2024), or an assessment of their uncertainty as in Jacob et al. (2026). Only the
mechanism by Hoffmann et al. (2020) is based on a larger, near-explicit mechanism, however, that mechanism does not include
the HPMTF pathway. Intercomparisons of some of these mechanisms demonstrated the sensitivity of the global models to the
DMS oxidation mechanism used, and comparison with observations showed that the mechanisms were unable to reproduce
observed concentrations of DMS oxidation products (Cala et al., 2023; Jongebloed et al., 2025). The development of a DMS
mechanism for use in global models that is made systematically and includes updates from the recent literature is required to
improve the representation of DMS in global models.

Running Earth system models and global chemical transport models is computationally expensive, and, in the case of the
Met Office UM-UKCA model, the chemistry and photolysis component can be responsible for 10-20% of the total run time
(Esentiirk et al., 2018). As such, the chemical mechanisms included in these models are simplified; DMS oxidation mechanisms
used in these models that incorporate HPMTF chemistry, along with more complicated CH3SOy chemistry, include around
40 reactions (Tashmim et al., 2024; Chen et al., 2023; Cala et al., 2023). Ideally, the evaluated mechanism developed in Jacob
et al. (2024) and Jacob et al. (2026) should be used in global models, however, the full mechanism (containing around 160
reactions) is prohibitive for long simulations and must first be reduced.

A range of reduction methodologies have been used in the literature (Ervens et al., 2024), with the approach depending on
the size of the original mechanism and its application. Reduction methods can range from more computationally expensive
methods such as the Morris method (Chang et al., 2020), to faster methods utilising graph theory (Wiser et al., 2023). In
addition to the method of reduction, the environmental and chemical parameters used to apply the method will affect the
applicability of the reduced mechanism. Using a small sample space such as a chamber study can bias the final mechanism;
Jacob et al. (2024) showed that mechanisms optimised to one chamber did not perform well against data from a different
chamber. There is no perfect reduction methodology, and while highly reduced mechanisms can be made, they may result in
the use of representative intermediates that do not have physical analogues. Furthermore, Earth system models often do not
have any formal mechanism reduction strategy, and more work is needed to ensure that the chemistry utilised by those models
represents our current understanding.

A sensitivity analysis such as the Morris method provides an effective way to rank reactions based on the sensitivity of
a modelled output, and this ranking can be used to produce reduced mechanisms (Chang et al., 2020). However, sensitivity

analysis requires hundreds or thousands of simulations for each set of conditions analysed (usually via a box model), with the
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result only applicable to those conditions (Stein et al., 2022). The marine atmosphere covers a large range of meteorological
conditions and oxidant concentrations, selecting only a few locations to perform a sensitivity analysis could result in a bias in
the reduced model.

Reduction methods based on the rates of each reaction in a box model can successfully create reduced mechanisms by
using only one simulation for each chemical regime; the concentrations of key species from the reduced mechanisms typically
differ by only 2.5-5% from the full mechanisms under the modelled conditions (Ervens et al., 2003; Mauersberger, 2005;
Deguillaume et al., 2009; Hoffmann et al., 2020). These methods compare the contribution of different reactions to the total
chemical formation (or loss) of a species against a threshold yield to determine which reactions should be included in the
reduced mechanism.

Recently, graph theory has been used in the reduction of the isoprene oxidation mechanism to create the AMORE-Isoprene
mechanism, without the use of box models. Although this method managed to reduce the complexity of a large mechanism, the
reduced mechanism required manual input as it led to surrogate species that have no physical analogues (Wiser et al., 2023).
While the use of graph theory in mechanism reduction still requires improvement, a rates-based reduction method provides a
traceable, reliable methodology that is not computationally expensive.

Following the reduction of a larger reference mechanism, the resulting mechanism must be evaluated against the reference
mechanism, however, this process of evaluation differs between studies (Hoffmann et al., 2020; Jenkin et al., 2019; Squire et al.,
2015; Wang et al., 2022). In some cases, the reduced mechanisms have been evaluated using a few box models representing
different environmental conditions, as was the case for the reduced Chemical Aqueous Phase Radical Mechanism (CAPRAM)
DMS oxidation mechanism by Hoffmann et al. (2020), which was compared to three box models at a single latitude. However,
these models are not likely to represent all marine environments where DMS oxidation occurs. Similarly, with respect to
isoprene oxidation, the Common Representative Intermediates (CRI) was developed and evaluated using a single tropical
forested boundary layer box model, with the mixing ratio of NOy and volatile organic compounds adjusted in different runs
(Jenkin et al., 2015, 2019). This variation in parameter space was further expanded to generate isopleths, which have also been
used to evaluate reduced mechanisms by comparing the performance of the reduced mechanism to the reference mechanism
using a series of box models (Squire et al., 2015). The use of isopleths is limited unless the influence of additional parameters
are explored. These evaluation frameworks do not explore different temperatures or photolysis rates, which will impact the
oxidation of the species of interest; Archibald et al. (2020b) showed changes in temperatures lead to significant variation
in mechanisms used in global models. Alternatively, Wang et al. (2022) evaluated their reduced mechanism using around
12°000 box models across continental Europe spanning 12 months, based on results from a global chemical transport model.
This methodology (using randomised box models developed using global modelling results) provides a thorough evaluation
framework, which ensures that all relevant environmental conditions are explored, and increases the reliability of the reduced
mechanism.

In this work, we reduced the mechanism developed in Jacob et al. (2024), and updated in Jacob et al. (2026), through
an automated rates-based approach, similar to the method used by Hoffmann et al. (2020) in their reduction of the DMS

mechanism. To reduce the mechanism, one hundred box models of the marine boundary layer were used. These models were
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randomly sampled across time and space, and based on a reanalysis of meteorological data (ERAS) and the concentrations of
species from an Earth system model (UKCA/UKESM). Mechanisms of different sizes were created, and their performance was
evaluated against the full mechanism using one thousand randomised box models of the marine boundary layer, in a similar

approach as Wang et al. (2022).

2 Randomised marine boundary layer box models

The reduction and evaluation of the reduced mechanisms have been performed using randomised box models of the marine
boundary layer based on hourly ECMWF Reanalysis v5 (ERAS) data (Hersbach et al., 2023) and monthly UK Earth System
Model (UKESM) modelled surface concentrations of species used to constrain the box model, covering the period from 1st
October 2013 to 30th September 2014.

The United Kingdom Chemistry and Aerosol (UKCA) model, the chemistry-aerosol component of UKESM, was employed
in an atmosphere-only (AMIP) configuration using version 13.5. Simulations were performed at a horizontal resolution of 1.25°
x 1.875° with 85 vertical levels extending up to 85 km (Walters et al., 2019). A 14-month simulation period was used, from
August 2013 to October 2014, with the initial two months designated as spin-up. Meteorological fields, including temperature,
pressure, precipitation, and wind, were nudged to ERAS. UKCA incorporates the GLOMAP-mode aerosol scheme (Mann et al.,
2010), which simulates size-resolved aerosol microphysics (nucleation, condensation, coagulation, and cloud processing).
This scheme transports the mass of sulfate, ammonium, nitrate, sea salt, black carbon, organic matter, and dust, as well as
the particle number concentration for each size mode. Oceanic emissions of DMS and CH3SH used in UKCA are based on
global climatology emissions derived from Wohl et al. (Wohl et al., 2024). The chemistry scheme employed is the standard
StratTrop mechanism (Archibald et al., 2020a), augmented by an additional set of DMS and CH3SH oxidation reactions, from
a preliminary reduced DMS mechanism based on Jacob et al. (2024).

Between the available dates, the modelled days (based on UTC time) were randomly chosen based on a uniform distribution
(i.e. each day had equal weighting). Independently, latitude and longitude were randomly sampled, with longitude also sampled
using a uniform distribution. To ensure uniform sampling across the Earth, latitude was sampled using the sphere point-picking

method from Weisstein (2002). Specifically, a polar angle was calculated using
¢ =cos H(2v—1)

where v was randomly chosen from a uniform distribution between O and 1. The polar angle, ¢, was then converted to latitude.
If latitude had also been randomly sampled using a uniform distribution, the poles would be oversampled, as the circumference
of a latitude line is smaller in the polar regions compared to the tropics (Weisstein, 2002).

If the latitude and longitude coordinates found using the above method were over land, they were rejected, and new co-
ordinates were chosen at the same time point. Each randomly sampled time, latitude and longitude were then compared to
the closest available ERAS and UKCA grid points at the surface. If the coordinates at the time chosen were over sea ice, as

determined by ERAS data, they were also rejected. Finally, if the monthly mixing ratio of NO, (determined from UKCA data)
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was higher than 2 ppbv, the coordinates were rejected. The threshold (2 ppbv of NO3) was chosen as it represents the 99th
percentile of monthly average surface concentrations from UKCA over the ocean (depicted in Figure S1). These tests ensure
the sampled box models were over the ocean and not in highly polluted environments.

Figure 1 shows the thousand points used for the evaluation of the reduced mechanism (dark blue), the hundred points used
for the reduction (orange), and the points rejected due to NOs mixing ratios higher than 2 ppbv (red). Once the coordinates

and time points for the box models were chosen, ERAS and UKCA data were used to build the box models.
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Figure 1. The randomly sampled locations for the evaluation (blue points), along with the samples omitted from the evaluation due to average

NO; mixing ratios higher than 2 ppbv (red points). The locations used for the reduction are given as orange points.

As with Jacob et al. (2026), photolysis rates were calculated using zenith angles based on the latitude, longitude and date of
the box models, and cloudless days were assumed. A constant boundary layer height of 750 m was used for all models, and the
dilution of species was not included.

Hourly ERAS5 data was used to determine dry deposition velocities, relative humidity, temperature, and pressure. Dry depo-
sition velocities were calculated through the same resistance method as Jacob et al. (2026), using 10 m » and v-component of
wind, along with the friction velocity from ERAS data.

Condensation sinks were based on the relative humidity-dependent aerosol liquid water content (LWC) and pH calculated in
Jacob et al. (2026) using polar, temperate and tropical fieldwork data. The coordinates of each box model were used to allocate
the model into a latitude band to use the associated LWC and pH: polar (-60° to -90° and 60° to 90°), temperate (-25° to -60°
and 25° to 60°) or tropical (-25° to 25°). Relative humidity from ERAS data was used to obtain the hourly liquid water content
and pH across the modelled day, which was then averaged and used in the model. A constant aerosol radius of 0.38 pm was
used, based on work from Hoffmann et al. (2016) and as used in Jacob et al. (2026). The condensation sinks were calculated

using the same method as Jacob et al. (2026); the condensation sinks for HoSO,4 used in the box models are shown in Figure 2.
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Figure 2. The mixing ratios of DMS and CH3SH, along with the condensation sinks of H»SO4 and the average temperature in the 1000
marine box models, separated by seasons and latitude bands. The colour intensity represents the number of box models within each bin, with
the darkest colour corresponding to 50 box models per bin. For the tropical latitude band, which represents 12 months rather than 4, the

darkest colour corresponds to 200 box models per bin.

Monthly surface mixing ratios from UKCA were used to constrain DMS, CH3SH, CO, O3, NO3, NOs, NO, HO,, OH
and HCHO. Additionally, the annual mean mixing ratio of methane in 2014 was used, which was obtained from the National
Oceanic and Atmospheric Administration (NOAA, 1822.54 ppb) (Lan et al., 2025). The concentrations of DMS, CH3SH, O3,
CHy, and HCHO were kept constant throughout the box model; the mixing ratios of DMS and CH3SH used in the box models
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are shown in Figure 2. The diurnal cycles of NO3, NO2, NO, HO5 and OH were accounted for by using calculated photolysis
rate constants, and scaling them to the same average mixing ratio as the UKCA output for the species of interest. This ensured
that the daily average concentration of these species was the same as the UKCA output, while the hourly concentration followed

a diurnal cycle similar to their concentration in the marine environment, demonstrated in Figure 3.

= Polar
- Temperate
= Tropical

= Northern Hemisphere
= = Southern Hemisphere

DJF MAM JA SON
150 : ] ]
B 1001 | ] ]
e
S so- - - -
0l = 2= 2= =

NO; (ppt)

100 \ / 1

w N\ —

NOs (ppt)

HO>
(molec. cm™3)

OH
(molec. cm™3)

o

[9,]

0.0 1: : == Ty SeSp s Sr . :
0 10 20 O 10 20 0 10 20 0 10 20
Time (h) Time (h) Time (h) Time (h)

Figure 3. The average hourly input mixing ratio of NO, NOg, and NO3 and concentration of OH and HO» over different latitude bands and

months for the box model simulations over the marine boundary layer.
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Specifically, the photolysis rate constant of O3 (forming O(*D) radicals, referred to here as Jo, ), was used for the diurnal
cycle of OH, and the photolysis of NO2 (forming NO, Jno,) was used for HO2 and NO. Assuming NOy is conserved, the
concentration of NO at time ¢t was found by subtracting the previously calculated concentration of NO at time ¢ from the

average concentration of NO and NOs,

[NO2]; = [NO2] + [NOJ — [NOJ;

The NOj3 concentration was based on the photolysis of NO3 (forming O(®P) radicals, referred to here as Jxo,), however, in

contrast to OH, HO5 and NO, the fast photolysis of NO3 results in low mixing ratios of NOj3 in the daytime. As such, the

concentration was found using the assumption that the concentration of NOj is zero when Jyo, is larger than 0.03 s~
——

[NO3]; = [NOg] x =

T

where
x; = 0.03 — min{Jno,,¢,0.03}

When Jyo, was consistently larger than 0.03 s~ (i.e. over polar summer), the concentration of NO3 was set to the average
concentration. In addition, when the Jy,0,, Jo, or Jno, Were zero throughout the full day (polar winter), the concentrations
were also kept constant based on their average concentration. The average hourly concentration of NO, NOy, NO3, OH and
HOg, over different latitude bands and months are shown in Figure 3.

The distributions of DMS, SO» deposition, and Jyo, from the box models were compared to the monthly surface averages
over the ocean from UKCA in Figure S2. The concentration of DMS was obtained directly from UKCA, demonstrating
that the sample space covered by the 1000 random box models represents the full UKCA model. Additionally, Jno, and
SO2 deposition were calculated for this work based on zenith angle and ERAS hourly data, respectively, demonstrating that

simplified zero-dimensional box models are able to replicate processes in the global model.
2.1 Dimethyl sulfide oxidation

The daily average percentage oxidation from the three pathways in each box model is shown in Figure 4; the average oxidation
of DMS across all the box models for the addition of OH, H-abstraction by OH and H-abstraction by NO3 was 28%, 43%
and 28%, respectively. Similarly, Cala et al. (2023) found that 25% of global DMS oxidation occurs through reaction with
NOg radicals, while 41% occurred through the addition of OH. Although the marine box models developed in this work use
output concentrations from the same global model used by Cala et al. (2023), our box models only account for the chemistry
at the surface, and utilise monthly averages. The difference between Cala et al. (2023) and this work may be attributed to
the temperature dependence of the reaction with OH. At higher altitudes, the decrease in temperature would increase the rate
of OH addition compared to OH H-abstraction, and increase the ratio of DMS undergoing oxidation through OH addition.
However, due to its average lifetime of 1-2 days (Fung et al., 2022; Chen et al., 2018; Cala et al., 2023; Jongebloed et al.,
2025), a large fraction of DMS is expected to be oxidised within the marine boundary layer before being transported to higher

altitudes. As such, the set-up utilised in this work is considered representative of DMS oxidation in the marine environment.
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Figure 4. The DMS oxidation ratios for each location used in the 1000 box models, calculated using the dates and average monthly surface

concentrations used in this work.

3 Reduction method

The reduction methodology is similar to that used by Hoffmann et al. (2020), while the evaluation, based on randomised models
developed using global modelling results, resembles the work done by Wang et al. (2022). Although a sensitivity analysis, such
as the Morris method, would provide a ranking of the importance of the reactions to the concentrations of different species,
the analysis would require thousands of box model simulations for each marine condition chosen (Campolongo et al., 2007).
To allow for more marine conditions to be considered in the reduction of the full mechanism, the reduction methodology used
in this work was based on a comparison of the reaction rates, with only one box model considered for each marine condition.

Our methodology is outlined as follows, with the individual steps described in more detail in the rest of this section:

1. Run sample box models of the marine boundary layer

2. Calculate source and sink ratios for each species with all related reactions

3. Select reactions using sinks-based approach dependent on the chosen threshold ratio

4. Select additional reactions using sources-based approach dependent on the chosen threshold ratio
5. Combine reactions of intermediate species that only have one loss pathway

6. Evaluate reduced mechanism by comparing to independent randomised box models
3.1 Sampled box models

One hundred randomised box models of the marine boundary layer were created, using the methodology described in Section
2, with the chosen locations shown in Figure 1. The number of models used in the evaluation (one thousand) was chosen to be
a factor of 10 larger, to ensure that reduction is successful over a wider range of marine conditions. Figure S2 demonstrates

that these 1000 box models are able to represent the distribution of UKCA data.
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3.2 Calculation of source and sink ratios

For each box model, the temperature, pressure, and concentrations of species were used to calculate the rates of all the reactions
in the full DMS mechanism. The box models were run for eight days to allow a ‘spin-up’ period, and on the last modelled
day the rates calculated at each time step (10-minute increments) for each reaction were integrated to provide the total loss or
formation of a species from that reaction over one day. For each species, the reactions involved in the loss of that species were
expressed as a fraction of the total chemical loss for that species (sink ratio). In the example depicted in Figure 5, the sink ratio
of a reaction is equivalent to the ratio between cumulative loss from that reaction and the total cumulative loss for DMS at the
end of the day. For this example, the sink ratios for OH abstraction, OH addition, and reaction with NOg3 are 32%, 49%, and

18%, respectively. The same method was used with the formation of a species from different reactions to provide source ratios.
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m—— NO3 = == Total
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Figure 5. The DMS oxidation rates from the major reaction pathways over the final modelled day for a randomly selected box model, along

with the cumulative DMS loss from those reactions across that same period.

For reversible reactions, the total loss of the product, excluding the reverse reaction, was used to determine the net loss of
the reactant through the equilibrium reaction. For example, for the reaction of CH3SO2 with oxygen forming CH3S050,,
the net loss is dependent on the equilibrium rate constant, and the reactions of CH3SO2 and CH3SO505. The effective loss
of CH3S50 through the reaction with oxygen was determined by combining the rates of reactions of CH3SO202 (such as

reactions with HO5 or RO»), while excluding the reaction that regenerated CH5SO5.
3.3 Sinks-based approach

Once the sink ratios for each species have been obtained over all one hundred box models, they were averaged and used for the
initial selection of species and reactions in the reduction. Figure 6 shows the distribution of sink ratios for the major oxidation

pathways of DMS included in the 1000 box models. The equivalent figure for the 100 box models used in the reduction is

10
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provided in the supplementary (Figure S3) while the larger sample size is shown here to better illustrate the distributions. The

mean sink ratio and 95th percentile for each distribution are also indicated.

= OH (abstraction)
OH (addition)
— NO3

Density

J

T T
0.0 0.2 0.4 0.6 0.8 1.0
Fraction of DMS sink

Figure 6. The distribution of the sink ratios calculated for DMS across the 1000 randomised box models of the marine surface atmosphere.
The coloured vertical lines indicate the mean sink ratio for each pathway, while the shaded region represents values above the 95th percentile
(i.e. the highest 5% of sink ratio values). For clarity, the minor oxidation pathways of DMS (oxidation via O(*P) and CH3SO3) have been

excluded.

The sinks-based approach, demonstrated in Figure 7, begins with the chosen initial species: for this work, these initial species
are DMS and CH3SH. A threshold ratio is also decided, which will determine the size of the reduced mechanism, along with
its performance. In the example demonstrated in Figure 7, a threshold of 30% was chosen.

Starting with DMS and CH3SH, any reaction involved in their loss that had a larger sink ratio than the threshold was included
in the reduced mechanism, along with the products of that reaction. The reactions of those products were also included if they
surpassed the threshold ratio. This process continued for all products that were subsequently included.

To account for outliers (e.g. coastal regions with elevated NOy) an additional metric was included. For one reaction, if the
sink ratio at the 95th percentile was over double the threshold, that reaction was included in the reduced mechanism. Using
the 30% threshold as an example, the addition reaction of DMS and OH and the reaction of DMS and NOg3 would initially
be excluded from the reduced mechanism, as their average sink ratios (28% in both cases) are below 30%. However, with the
additional metric, the reaction of DMS and NOg3 would be retained, as the 95th percentile (87%, see Figure 6) is larger than
double the threshold (60%).

3.4 Sources-based approach

Although the sinks-based approach provides a reduced mechanism that can be used without further additions, depending on
the threshold ratio chosen the production of minor, but atmospherically important, products could have been excluded. In
this work, methanesulfonic acid (CH3SO3sH, MSA) and OCS were chosen as products to include in the reduced mechanism

through the sources-based approach.

11
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Figure 7. A depiction of the sinks-based reduction approach using DMS as the starting species, along with the sources-based reduction
starting with methanesulfonic acid. The threshold ratio in this example is 30%, with blue lines indicating reactions that pass this threshold,

and red lines indicating reactions that do not. For illustrative purposes, the sinks-based approach example has stopped at HPMTF.

The reactions forming the initial product, such as MSA, whose source ratios surpassed the threshold ratio were included in
the reduced mechanism, along with the precursor species involved in that reaction. The major reactions forming those species
(based on the threshold ratio) were also included, along with the reactants from those reactions, and so on. Similarly to the
sinks-based approach, reactions with a source ratio at the 95th percentile larger than double the threshold were included.

245 Any species that had been included through the sources-based approach underwent the sinks-based approach to ensure that

their major loss pathways had also been included.
3.5 Combining reactions

Finally, some reactions were combined to reduce the mechanism further. Depending on the threshold ratio used, for some
species only one loss reaction was included in the mechanism. If that species was a short-lived intermediate, the intermediate
250 species was removed, and the products from its loss pathway were included in the formation reaction; the rate constant used
for the combined reaction was the rate constant from the formation reaction. For example, the sole reaction of CH3SCH;O
(a product of CH3SCH>OO reactions) is decomposition. To reduce the total number of reactions in the reduced mechanism,

CH3SCH>0O was not included in the mechanism, and its decomposition was incorporated into its formation reaction. This
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meant that in the reduced mechanism, these two reactions
CH3SCH,00 + NO 4 CH3SCH,0 + NO,
CH3SCH,0 2, CH;3S + HCHO

were combined into one:

CH3SCH,00 + NO % CH,S + HCHO + NO,
3.6 Evaluating the reduced mechanism

In this work, the performance of the reduced mechanism was evaluated against the full mechanism, using one thousand ran-
domised box models of the marine boundary layer. The normalised mean bias (NMB) over the final model day was considered,

with NMB;, the bias of a species ¢ due to the reduction of the mechanism, calculated as

N
it — Fi
NMB; = 100% x Zt=0(§ 1~ Fir)
Zf,:o Fiy

ey

where I; ; and F;; are the concentrations of species 4 at time ¢ from the reduced and full mechanisms, respectively. For
species such as MSA and sulfuric acid, concentrations approach zero during the nighttime hours; calculating a relative bias
using their instantaneous concentration can result in artificially large biases despite the absolute differences being small. There-
fore, evaluation metrics were calculated relative to the concentration of each species over the 24 hours of the final modelled
day, avoiding disproportionate weighting of periods with negligible concentrations.

The normalised mean absolute error (NMAE) was calculated using a similar method and given as a percentage. NMAE;, the

error of species 4 due to the mechanism reduction, was defined as

N
Zt:o |Ri,t - Fi,t
o Fi

NMAE; = 100% x 2

Using these metrics, an error or bias of zero indicates that the reduced mechanism outputs the same concentration as the full

mechanism for species :.

4 Gas-phase dimethyl sulfide and methanethiol mechanism

The full mechanism used in this reduction work was the updated gas-phase DMS oxidation mechanism from Jacob et al.
(2026), along with CH3SH oxidation through reactions with OH and NOjs. Halogen and aqueous chemistry were not included
as the concentrations of the gas-phase halogen species or aqueous oxidants (in aerosols), which are needed for those reactions,
were not provided through the UKCA data. However, halogen reactions have been found to be important oxidation reactions
for DMS (Hoffmann et al., 2016; Chen et al., 2018), and these reactions can be subsequently added to the reduced mechanism,
as described in Section 6. The uncertainties in the full mechanism, based on known gas-phase chemistry, have been explored

in Jacob et al. (2026), with uncertainties in the concentration ranging from 10-200% for most species. The aim here is not to
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propagate those uncertainties further, but to develop a framework that enables the generation of a reduced complexity scheme
from a reference mechanism.

The modelled mixing ratios of major DMS and CH3SH oxidation products for two randomly chosen marine box models
are provided in Figure 8. As demonstrated by the figure, most species tended to reach steady state after a few days, with the
exception of OCS, which has a global atmospheric lifetime of around six years (Seinfeld and Pandis, 2006). The last day (day

eight) of the model simulations was used in the subsequent evaluation of the reduced mechanisms to approximate steady-state

concentrations.

— SO, - MSA — 0OCS — MSIA
—— H3S0,4 —— HPMTF —— DMSO — TPA

200~

Date: 31/05/2014
Latitude: 12°N
Longitude: 63°E
Avg. temp (K): 302
DMS (ppt): 45

501 ;oo LLLHLIUIUILIULL CH3SH (ppt): 7
/I~ 0 2 4 6 8
Time (days)

1501

100

Date: 25/02/2014
Latitude: 64°S
Longitude: 56°E
Avg. temp (K): 273
DMS (ppt): 399
CH3SH (ppt): 141

Mixing ratio (ppt)

4 Time (days)

Time (days)

Figure 8. Two randomly chosen marine box models showing the mixing ratio of DMS and CH3SH oxidation products over the eight-day
run (first column). Information for each model is given on the right-hand side, with the second column zooming in on the y-axis to better

show the mixing ratios of MSA and H2SO4 in those models.

5 Reduced mechanisms

Using the reduction methodology described in Section 3, four reduced mechanisms were produced, referred hereafter as mech-

anisms R0O1, ROS5, R10, R20, representing reductions based on thresholds of 1%, 5%, 10% and 20%, respectively. The number
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of reactions and species in each mechanism can be found in Table 1. The reactions and species of mechanism R20 are depicted

in Figure 9 and provided in the appendix (Table A1).

Table 1. A summary of the four reduced mechanisms produced in this work.

Original mech. RO1 R0O5 RI10 R20
Reactions 156 91 55 38
Species 55 33 24 18
é OH Ngz0 o, MO0
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Figure 9. A schematic of the final reduced DMS and CH3SH mechanism, R20, recommended for global modelling. Only sulfur compounds

are included in this schematic for simplicity.

Additionally, a mechanism based on R20 and adapted for use in the United Kingdom Chemistry and Aerosol (UKCA) model

was compared to the full mechanism in the subsequent sections. This mechanism, referred to here as ‘RUKCA’, contains 47

reactions and differs from R20 by including reactions of the methylthiomethyl peroxy radical (CH3SCH>00, MTMP) such as

the reactions with HO5 and NO, the major reaction with ROs, and the isomerisation into HOOCH;SCH5O5 (which undergoes
an isomerisation to form HPMTF). In R20, HPMTF is formed directly instead of CH3SCH5OO, which leads to larger errors

in the concentration of HPMTF. RUKCA uses updated HPMTF photolysis based on the absorption cross-section calculated in

Christensen et al. (2026), and removes the ROOH photolysis pathway for HPMTF based on the results from the same paper.

Finally, RUKCA includes the reaction of TPA with OH forming OCS, which is omitted in R20, and includes a reaction of

CH3S503 with CH3SH, forming MSA.
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5.1 Evaluation against full mechanism

Figure 10 shows the normalised mean bias in the output concentration of different species for the reduced mechanisms when
compared to the reference mechanism (due to the threshold ratio chosen). A figure showing the normalised mean absolute
error in the concentrations, along with a table providing the average error and bias (and their 90% confidence interval), for
each mechanism can be found in the supplementary (Figure S4 and Table S1). Mechanism R20 contains the fewest reactions
and has the largest average errors for the species considered in this evaluation, which were SO, MSA, HPMTF, OCS, dimethyl
sulfoxide (CH3SOCHj3, DMSO), H,SO,4 and methanesulfinic acid (CH3SO2H, MSIA). For these species, the average error
from R20 is less than 8.1%, with the exception of OCS and HPMTF, which had an average error of 11.6% and 14.7%,
respectively.

Although the average error in SO5 increases with increasing threshold ratios (from 0.0% with the RO1 mechanism, to 8.1%
with R20), for some species the error does not increase considerably as the mechanism is reduced further. For example, DMSO
has an average error of 0.0% for RO1 which increases to 5.8% with R0S5, however, it only increases to 6.1% with R20. Similarly,
the average error for MSIA ranges from 2.3-3.2% for all mechanisms. Figure 11 shows the normalised mean absolute error
(NMAE) in DMSO from mechanism R20 (which is similar to the error from R05 and R10) as a function of temperature, and the
percentage of DMS oxidation that occurs through reaction with NOg. In the marine box models where the mechanism shows
the largest error in DMSO concentration, oxidation of DMS predominantly occurs through reaction with NOg, especially at
higher temperatures. The larger error in the environments with elevated NOy is due to the omission of the reaction of DMSO
and NOg, forming dimethyl sulfone (CH3SO5CHg, DMSO2). The error in MSIA (the product of the reaction between OH
and DMSO) is also larger in box models with higher concentrations of NO3 and at higher temperatures. This larger error in
those conditions is due to the omission of the reaction of NO3 with both DMSO and MSIA in the reduced mechanisms. As the
formation of DMSO, and subsequently MSIA, in the full mechanism occurs via the addition of OH to DMS, in the high-NOy
environments where these larger errors occur the fraction of DMSO and MSIA formed from DMS oxidation is lower.

The average bias in HPMTF increased from 4.1% to 14.7% between mechanisms R10 and R20, which is due to the removal
of reactions of the methylthiomethyl peroxy radical (CH3SCH;00, MTMP). In R20, CH3SCH30O solely undergoes iso-
merisation to form the HPMTF precursor, HOOCH3SCH2O4, however, in R10, CH3SCH20OO can react with NO and RO5.
Removing those reactions results in a higher concentration of HPMTF, which also increases the formation of OCS.

The error in MSA concentration from R20 correlated with both temperature and the average mixing ratio of NO, as shown
in Figure 11. This relationship was also observed in mechanism R10, which is associated with the removal of the reaction
between CH3S03 and HO3, forming MSA. The temperature dependence of the error arises from the thermal decomposition
of CH3S0s; at higher temperatures, the radical is more likely to decompose into SO3 and CHg3, making the reaction with HO4
less important. The relationship with NO is due to the reaction between CH3S0505 and NO, which forms CH3SO3.

Although the RUKCA mechanism is based on R20, the adjustments to the mechanism result in the differences shown
in Figure 10. Notably, the reintroduction of the reactions of CH3SCH;OO reduces the error in HPMTF, SO,, and HoSOy.
However, the removal of the photolysis of the ROOH functional group in HPMTF (forming OCS), results in less OCS forming
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Figure 10. A heatmap of the normalised mean bias of SOz, MSA, HPMTF, OCS, DMSO, H2SO4 and MSIA from the reduced mechanisms

evaluated against the full mechanism for one thousand marine box models, using a bin size of 2.5%.

compared to the full mechanism, as expected. Additionally, the inclusion of the reaction between CH3SOg3 and CH3SH results
in greater concentrations of MSA compared to the full mechanism. The differences in the concentrations of MSA and OCS in

RUKCA reflect an update to the mechanism, instead of errors due to the reduction.
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Figure 11. The percentage normalised mean absolute error in DMSO and MSA from the R20 mechanism, evaluated using the full mechanism.

5.2 Comparison with another mechanism

In addition to running the one thousand marine box models with the full and reduced mechanisms, the DMS oxidation mecha-
nism from Cala et al. (2023) was run, hereafter referred to as the Cala mechanism. For this comparison, the condensation sinks
and non-sulfur chemistry used for the other mechanisms were also used for the Cala mechanism. The Cala mechanism, which
has been evaluated against other DMS mechanisms used in global models (Cala et al., 2023; Jongebloed et al., 2025), contains
38 reactions and does not include methanethiol chemistry.

Figure 12 shows the distribution of average mixing ratios in the thousand box model simulations for the Cala mechanism,
along with the full mechanism (156 reactions), R20 (38 reactions), and RUKCA (47 reactions). The distributions of HPMTF,
DMSO, and HySO, are similar between the four mechanisms, with the full and reduced mechanisms (R20 and RUKCA)
showing similar distributions for all species.

Across all box models, the average mixing ratio of SO5 on the last modelled day produced by the Cala mechanism, 33
ppt, is a factor of 3 smaller than the average SO from the full mechanism (110 ppt), R20 (102 ppt) and RUKCA (107
ppt). The difference is due to the inclusion of methanethiol chemistry in the mechanisms developed in this work, which is
a source of SO,. The impact of CH3SH oxidation on SO concentration is demonstrated in Figure 12, which shows SO2
concentration from the Cala mechanism with additional CH3SH oxidation reactions. After these reactions have been added,
the Cala mechanism produces a similar distribution of SO5 concentrations as the reference and reduced mechanisms from this
work, with an average SO5 mixing ratio of 99 ppt.

The addition of CH3SH reactions increases the modelled concentration of gas-phase H;SO, in the Cala mechanism, due to
the gas-phase oxidation of SO5. However, this increase in H2SO4 is not proportional to the increase in SO2, which reveals that

H5SOy4 in the Cala mechanism is primarily formed directly through DMS oxidation (i.e. not through the subsequent oxidation

18



360

365

370

https://doi.org/10.5194/egusphere-2026-4710
Preprint. Discussion started: 18 August 2026 EG U
- sphere

(© Author(s) 2026. CC BY 4.0 License.

= Full mechanism === R20 ---- RUKCA
— = Cala Cala with CH5SH

SO, OCS

Ma%

100 200 300 0 100 200 300
DMSO H,50;

0O 2 4 6 00 01 02000 005 0.10
Mixing ratio (ppt)

Figure 12. Density plots showing the distribution of the average gas-phase mixing ratios of SOz, OCS, HPMTF, DMSO, H2SO4 and
MSA on the last modelled day of the thousand marine box models using sulfur mechanisms from the full mechanism (black line), reduced
mechanism R20 (red dashed line), RUKCA (blue dotted line), the mechanism developed in Cala et al. (2023) (green dot-dashed line), and
the Cala mechanism with CH3SH chemistry (Cala with CH3SH, orange dot-dashed line).

of SOs, but through reactions such as the decomposition of CH3SOj3). The inclusion of CH3SH to the Cala mechanism leads
to higher concentrations of gas-phase H,SO,4 compared to the reference and reduced mechanisms from this work; this indicates
that more HoSO, is formed directly from the oxidation of DMS in the Cala mechanism, compared to our mechanisms.

Additionally, the average mixing ratio of OCS from the Cala mechanism, 9 ppt, is a factor of 3.5 smaller than the full
mechanism (30 ppt) and a factor of 2.8 smaller than RUKCA (24 ppt). In the Cala mechanism, OCS solely forms from the
reaction of HPMTF with OH, with a branching ratio of 10%. The mechanisms developed in this work also form OCS from
this pathway, with a similar branching ratio of 9%, however, the total rate constant for the reaction of OH with HPMTF is 75%
larger than the rate constant used by Cala et al. (2023). Additionally, the full mechanism and R20 form OCS from another
pathway; the photolysis of the ROOH group in HPMTF. This photolysis reaction is not included in RUKCA, which results in
less OCS being formed.

With an average of 0.029 ppt, the Cala mechanism produces higher mixing ratios of gas-phase MSA than the other three
mechanisms (0.0019-0.0021 ppt). In the mechanisms developed in this work, the equilibrium rate constant for the reaction
of CH3SO2 with oxygen, along with the decomposition rate of CH3SO5, has been updated to theoretical calculations by
Chen et al. (2023), affecting the formation of CH3SO3 and CH3S0O505, which are precursors for MSA. Additionally, the rate

constant for the reaction of CH3SO3 with HO», forming MSA, is a factor of 50 smaller in the full mechanism compared to the
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Cala mechanism; this reaction is not included in R20 as it was deemed insignificant. These differences result in higher mixing
ratios of MSA from the Cala mechanism.

Finally, the similar distributions of HPMTF and DMSO for all three mechanisms are unsurprising; they are species produced
from the initial oxidation of DMS (H-abstraction and OH-addition, respectively) and require fewer reactions to represent their
formation, unlike MSA or H,SO,4. However, in our reduced mechanism R20, HPMTF was the sole product of the DMS abstrac-
tion pathway, whereas both the reference mechanism and the Cala mechanism include additional reactions of CH3SCH>OO,
the initial oxidation product. The similar HPMTF distributions across all thousand box models for the five mechanisms demon-
strate that these additional reactions are not necessary to represent DMS oxidation in the marine atmosphere, and reinforce the
validity of our reduction protocol.

The comparison between the mechanisms demonstrates that our simplified mechanisms are able to reproduce our full ref-
erence mechanism, and that the results from our simplified mechanisms differ from a published mechanism used in global
modelling (Cala mechanism). The Cala mechanism has been compared to other DMS mechanisms used in global models (Cala
et al., 2023; Jongebloed et al., 2025), which found that the production of DMS oxidation products differed between these mech-
anisms. This work extends that comparison by evaluating the Cala mechanism with an updated, near-explicit mechanism based
on chamber studies. Since the formation of gas-phase SO2, HoSO,4, OCS, and MSA differed between the Cala mechanism and
the full mechanism, we recommend that a simplified mechanism based on that full mechanism (such as R20 or RUKCA) be

used in global modelling.

6 Atmospheric implications of the reduced mechanism

The reduced mechanism developed in this study can be applied to global models to improve their modelling of DMS oxidation,
without the computational cost of the full near-explicit mechanism. The mechanism produced, with 38 reactions, is of similar
size to other global mechanisms that include the HPMTF oxidation pathway, which range from 38-44 reactions (Tashmim
et al., 2024; Chen et al., 2023; Cala et al., 2023). Additionally, our evaluation of the reduced mechanism can be used to
associate uncertainties with the reduced mechanism from the reduction process.

As identified in Jacob et al. (2026), along with other studies, reactions with gas-phase halogen compounds, such as BrO and
Cl, contribute to DMS oxidation (Hoffmann et al., 2016; Chen et al., 2018), however these reactions were omitted from this
work as the formation of these species in the troposphere is either not included or underrepresented in the UKCA data used.
The reaction of BrO with DMS is an addition reaction, forming DMSO, while the reaction with Cl primarily occurs through
the abstraction of a hydrogen atom (Hoffmann et al., 2016). Reactions of BrO and Cl with CH3SH are abstraction reactions,
forming CH3S. For both DMS and CH3SH, halogen reactions primarily influence the initial oxidation steps, and subsequent
reactions are included in our reduced mechanisms. The following reactions can be added to include halogen-initiated oxidation
in the reduced mechanism, using the recommended rate constants from the NASA panel report (Burkholder et al., 2019) and
Aranda et al. (2002) (in the case of CH3SH + BrO) :

CH3SH + BrO — CH3S + HOBr k=22x10"1% x e(80/T)
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CH3SH + Cl — CH3S + HC1 E=1.2x 10710 x ¢(150/T)
DMS + BrO — DMSO + Br k=1.4x10"14 x e(930/T)
DMS + C1 — HPMTF + HCl + OH k=9.4x10711 x e(190/T)

6.1 Incorporation of RUKCA into a global model and comparison with observations

The reduced mechanism (RUKCA) was subsequently implemented in UKCA to improve the representation of marine sulfur
chemistry in UKESM. Aerosol and cloud uptake of HPMTF follows the approach of Cala et al. (2023), with the heterogeneous
uptake mechanism parameterised after Bauer et al. (2004) and Jacob (2000), and an uptake coefficient of v = 0.01 for HPMTF
taken from Novak et al. (2021). Two configurations of UKESM (Sellar et al., 2019; Archibald et al., 2020a) were evaluated
against airborne measurements of DMS, SO5, and HPMTF: the mechanism developed in this work, RUKCA, and the standard
StratTrop mechanism, a highly simplified four-reaction, three-product scheme employed in CMIP6 studies (Mulcahy et al.,
2023; He et al., 2026) that does not include HPMTF. Observations were obtained during the ATom-3 (28 September — 28
October 2017) and ATom-4 (24 April — 21 May 2018) pole-to-pole survey flights over the Pacific and Atlantic Oceans (Wofsy
et al., 2018; Thompson et al., 2022). Hourly model output was interpolated onto the flight tracks using the In-Situ Observations
Simulator (Russo et al., 2025).

Both configurations overestimated near-surface DMS by more than an order of magnitude (Table 2), indicating that the bias
originates upstream of the mechanism change — most plausibly in sea-to-air DMS emissions or boundary-layer mixing, rather

than in the gas-phase chemistry. At higher altitudes, interpretation is limited by data availability: ATom-3 reports no DMS

Table 2. Summary of model-observation comparison statistics. N is the total number of paired model outputs and observations, MB is the

mean bias, NMB is normalised mean bias, and NMAE is normalised mean absolute error.

ATom-3 ATom-4

DMS HPMTF SO2 DMS HPMTF SO2

RUKCA  StratTrop RUKCA RUKCA  StratTrop RUKCA  StratTrop RUKCA RUKCA = StratTrop

N 173 173 1076 2000 2000 434 434 725 2404 2404
Obs. mean 6.7 6.7 32 21.5 21.5 6.7 6.7 3.8 16.9 16.9
Mod. mean 96.0 83.2 1.4 31.7 35.8 113.8 89.8 1.8 18.7 21.9
Obs. median 4.7 4.7 0.6 13.8 13.8 4.0 4.0 1.1 10.9 10.9
Mod. median  72.3 60.4 0.3 11.5 14.5 86.4 68.5 0.6 8.2 9.8
MB 89.3 76.5 -1.8 9.2 14.3 107.2 83.1 -2.0 1.8 5.0
NMB (%) 1328 1138 -56 43 66 1609 1248 -53 11 30
NMAE (%) 1330 1140 75 132 148 1617 1262 79 108 121

measurements above 3 km (Figure 13), while ATom-4 DMS mixing ratios remain approximately constant at around 4 pptv
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Figure 13. Vertical profiles of modelled and measured DMS, SO, and HPMTF concentrations for ATom-3 (first row) and ATom-4 (second

row) field campaigns. Median (line) and interquartile range (shading) are shown in 1 km altitude bins.

throughout the profile, in contrast to the modelled decline of several orders of magnitude with height. This invariant profile is
more consistent with the detection limit of the Trace Organic Gas Analyzer (TOGA) (Apel et al., 2021) than with a genuine
observed distribution.

Agreement was considerably better for SO, with RUKCA outperforming StratTrop across most metrics and reducing the
normalised mean bias (NMB) from +66% to +43% (ATom-3) and from +30% to +11% (ATom-4). HPMTF, which is present
only in RUKCA runs, was reproduced with the smallest normalised mean absolute error (NMAE), despite a persistent low
bias of approximately -55%. In fact, a published correction to Veres et al. (2020) reports that subsequent experimental work
identified an error in the calibration method used to determine instrument sensitivity for HPMTF during ATom-3 and ATom-4
(Veres et al., 2021); the reported mixing ratios have accordingly been revised downwards by a project-average scaling factor of
0.62 £ 0.11 (10). The observations shown here are from the original ATom datasets, as the corrected version is not currently
available owing to the NASA Earth science data transition. Applying this correction would reduce the observed HPMTF

concentrations by roughly 38%, bringing the modelled values into close agreement with observations. More importantly, the
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model captures latitudinal variability well (Figure 14): in ATom-3, modelled HPMTF concentrations are lower in the Southern

Hemisphere than in the Northern Hemisphere, consistent with the observed spatial distribution.
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Figure 14. Median concentrations of DMS, SO2, and HPMTF in 15-degree latitude bands (all altitudes pooled) with interquartile ranges,

covering ATom-3 (first row) and ATom-4 (second row) campaigns.

Taken together, these results demonstrate that incorporating the new chemistry into UKESM/UKCA improves the simulation
of SO and reproduces the broad distribution of HPMTF at modest computational cost. Relative to the StratTrop configuration,
the RUKCA configuration required 3.9% more CPU time and 3.7% more wall-clock time for an one-month integration —
equivalent to approximately 51 additional minutes of CPU time and 13 additional minutes of wall-clock time per simulated

year under identical processor configurations.

7 Conclusions

This work has built on the work from Jacob et al. (2024) and Jacob et al. (2026), which involved the development and evaluation
of a DMS mechanism, through the reduction of the full mechanism (containing 156 reactions) for use in global modelling.
Although several mechanisms of different sizes and levels of performance were produced, the smallest mechanism, R20,
contained 38 reactions and had an average error of less than 15% for SO5, MSA, HPMTEF, OCS, and H>SO,4 compared to a
comprehensive mechanism. The reduced R20 mechanism was compared to a previously evaluated DMS oxidation mechanism
used in global models, which differed in average concentrations of OCS and MSA by factors of 3.6 and 15, respectively. As our
mechanism is the only mechanism developed through the reduction of a near-explicit, evaluated DMS oxidation mechanism,

which includes recent advances in DMS oxidation pathways, these differences highlight the importance of this work. Our
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mechanism is recommended for use in global models; to expand the mechanism and explore gas-phase halogen chemistry, an
additional four reactions can be incorporated into the R20 mechanism.

For smaller errors, and a more updated mechanism, the slightly larger RUKCA mechanism (47 reactions) could also be
used. Following its implementation in UKCA/UKESM, RUKCA was evaluated against ATom observations and was found to
outperform StratTrop (a simplified four-reaction DMS oxidation mechanism) for both SO2 and HPMTE.

The mechanism developed using a threshold ratio of 1%, R01, had an average error of less than 0.7% for SO5, MSA, HPMTF,
OCS, DMSO and H3SOy4. Mechanism RO1 contained 91 reactions, a 40% reduction compared to the full mechanism, with
minimal loss in mechanism performance; as such, it is a near-explicit mechanism suitable for use in modelling fieldwork using
box models. The full mechanism is still recommended for chamber studies, which may explore chemical regimes not observed
in the marine atmosphere.

The reduction and evaluation of the mechanism were based on randomised box models of the marine boundary layer; this
method allowed a large range of marine atmospheres to be explored, which ensured that marine regimes included in global
models would be accounted for. This evaluation framework is more robust than a comparison with a few box models or
sensitivity tests, and should be used in future reduction work.

The reduced mechanisms developed here provide a traceable link between a near-explicit, experimentally evaluated repre-
sentation of DMS oxidation, and mechanisms suitable for Earth system models. Their implementation in global models will
allow the impact of recent advances in marine sulfur chemistry, including HPMTF and updated MSA and H,SO,4 formation
pathways, to be assessed at the global scale without the computational cost of the full mechanism. If utilised, these reduced

mechanisms will provide confidence in the representation of DMS and methanethiol chemistry in global models.

Code and data availability. Equation files for all reduced mechanisms will be made available in Apollo upon publication of this manuscript
Appendix A: Reactions included in mechanism R20

Table A1l: The reactions and their rate constants included in the reduced mechanism R20.

Reaction Rate constant
1 CH3S — CH3S00 1.20 x 10716 x e(1580/T) 5 [Oy]
2 CH3S + 03 — CH3S0 1.5 x 10712 x e(360/T)
3 CH3SH+ OH — CH3S 9.9 x 10712 x e(360/T)
4  CH3SH + NO3 — CH3S + HNO3 4.4 x 10713 x (210/T)
5 CH3S0 + NOy; — CH3S0; + NO 1.20 x 1071 % 0.75
6 CH3SO + O3 — CH303 + SOq 4.00 x 10713
7 CH3S03 — CH35050, 1.03 x 10716 x e(1580/T) » [O,]
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8  CH3S0, — CH305 + SO, 1.7 x 1015 x e=8:4x10%/T  ¢1.8x10°/T°
9  CH3S0,0, + HO; — CH3803 + OH KAPHO2 x 0.44

10 CH3S050, + HO; — MSA + O3 KAPHO2 x 0.15

11 CH3S050; + NO — CH3S03 + NO, 1.00 x 10~ 11

12 CH3S0,05 — CH3S03 1.00 x 10~ x [RO4] x 0.7
13 CH3S0,0,; — MSA 1.00 x 10~ x [RO5] x 0.3
14 CH3S0,05 — CH3S0, KRSO202b

15 CH3SO3; + DMS — MSA + HPMTF + OH 1.45 x 10713

16 CH3S035 — CH305 + SA 5.4 x 1012 x e(—9411/T)

17 CH3S00 — CH3S KRSOOb

18 CH3SO0O — CH305 + SO, KRSOOisom

19 DMS + OH — DMSO + HO, KDMSOH_eq

20 DMS + NO3 — HPMTF + OH + HNOj3 1.9 x 10713 x ¢(530/T)

21 DMS + OH — HPMTF + OH 1.2 x 10711 x e(=280/T)

22  DMSO + OH — MSIA + CH30, 6.1 x 10712 x ¢(800/T)

23 HOOCH;S + O3 — SO, + HCHO + OH 1.5 x 10712 x e(360/T)

24  HOOCH;S — HOOCH2SOO 1.20 x 10716 x e(1580/T) 5 [Oy)
25 HOOCH,SO0 — HOOCH,S KRSOOb

26 HOOCH;S00 — SO, + HCHO + OH KRSOOisom

27 HOOCH3S00 — TPA + HO, 7.13 x 10731 x 71402 5 o(—2556/T)
28 HPMTF + OH — SO, + HCHO + OH+ CO  1.75 x 10~ x 0.91

29 HPMTF + OH — OH + HCHO + OCS 1.75 x 10711 x 0.09

30 HPMTF — SO, + HCHO + OH + HO, + CO  J("C3H7CHO")

31 HPMTF — HCHO + OCS + HO, + OH J("CH300H")

32 MSA + OH — CH3S03 2.24 x 10714

33 MSIA + OH — CH3S0, 9.00 x 10~

34 OCHSOH + OH — OCS + OH 1.40 x 1012

35 OCHSOH — CO + HO3 +S05 + O + HO;  J("C3H7CHO")

36 OCS+OH— SO, + 0 +0H 7.2 x 10714 x ¢(=1070/T)
37 SO+ OH — HO5 +SA KTER2

38 TPA + OH — OCHSOH + OH 5x 1071 x 0.86

Rate constants: KRSOOb = 1.20 x 1076 x 1580/ /(1.4 x 10726 x ¢4850/T") KRS0202b = 1.03 x 10716 x e1580/T /(2,35 x 1018 x 5.76 x 1013 x
e~8:86x107°T) KRSOOisom = 7 x 1014 x 9659/ KDMSOH_eq = 8.2 x 10~39[02]e5376/T /(14 1.05 x 10~ ([02]/[M])e3644/T), KTER2 =
(KinfT2 x KOT2 x [M]) x (0.6%°2)/(KinfT2+K0T2 x [M]), KinfT2 =1.7x 10712 x (T'/298)0-2, KOT2 =2.9x 10 =31 x (T'/298) ~4-1, Kb2 = (1+(log; , (KOT2 x
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[M]/KinfT2))2)~1, J("C3H7CHO") = photolysis rate for n-C3H7CHO forming a HCO radical (however, the absorption cross-section calculated for
480 HPMTF could be used instead), KAPHO2 = 5.2 x 1013 x ¢980/T
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