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Figure S1. The DMS oxidation chemistry in the Q. Chen mechanism implemented by Chen et al. (2018), which includes aqueous-phase
chemistry, important intermediates such as dimethyl sulfoxide (DMSO, CH3SOCH3) and methanesulfinic acid (MSIA, CH3SO2H), and

reaction of DMS with halogen oxidants Cl and BrO. Reaction rates and a detailed description of the mechanism can be found in Chen et al.

(2018).
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Figure S2. DMS oxidation chemistry in the Tashmim mechanism, originally implemented by Tashmim et al. (2024). This mechanism
includes aqueous-phase chemistry, intermediates, and halogen reactions from Chen et al. (2018) as well as updates to the abstraction pathway,

such as the formation of HPMTF and aqueous-phase formation of sulfate from HPMTEF. Reaction rates and other mechanism details can be
found in Tashmim et al. (2024).
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Figure S3. DMS oxidation chemistry in GEOS-Chem for the J. Chen mechanism, which includes aqueous-phase chemistry from Chen et al.
(2018) and Tashmim et al. (2024) and gas-phase chemistry from Chen et al. (2023). Henry’s law constants for all aqueous-phase species are
from Chen et al. (2023) (see Table S1). Reaction rates and other mechanism details can be found in Chen et al. (2023).
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Figure S4. DMS oxidation chemistry in GEOS-Chem for the Cala mechanism, which includes aqueous-phase chemistry from Chen et al.
(2018) and Tashmim et al. (2024) and gas-phase chemistry from Cala et al. (2023). Henry’s law constants for all aqueous-phase species are

from Tashmim et al. (2024) (see Table S1). Reaction rates and other mechanism details can be found in Cala et al. (2023).



Utgiagvik (b)

-+ Qaanaak (d)
Atert (cff .

Ny Alesund (e)

J. Chen (GC12)
== = Tashmim (GC12)
= Tashmim (GC13)
Q. Chen (GC12)
Cala (GC13)
e Tashmim (GC12) with MSA + OH = SO3~
== Observations

MSA at Utgiagvik (ug m=3)

MSA at Qaanaak (ug m~3)

0.14 -
0.12 A
0.10 1
0.08 A
0.06
0.04
0.02 A1

(b) Utgiagvik

0.00

0.14 -
0.12 A1
0.10 A
0.08 A
0.06 A
0.04
0.02 A

(d) Qaanaak

0.00 -

Month

MSA at Alert (ug m=3)

MSA at Ny Alesund (pg m=3)

0.14
0.12
0.10
0.08
0.06
0.04
0.02
0.00

7 (c) Alert

k ,/~.//\
i /: -

1 (e) Ny Alesund

Month

Figure S5. Same as Fig. 8, but we also show the Tashmim (GC12) simulation with MSA + OH (aq) — SOif from Chen et al. (2018) (dark

green line). Including the aqueous-phase destruction of MSA by OH causes MSA concentrations to peak in the fall and spring and reach a

minimum in the summer, which is the opposite of the observed seasonality (black lines). This reaction is likely a minor loss process in aerosol

and is not expected to occur in cloud droplets (Mungall et al., 2018), but in both Fung et al. (2022) and Tashmim et al. (2024) mechanism,

about 75% of MSA is converted to sulfate in the aqueous phase.
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Figure S6. Z-score of MSA concentrations in 12 ice cores from across the Greenland ice sheet (pink line) and the 95™ percentile confidence
interval (pink shading) (Osman et al., 2019) Additionally, Z-score of MSA concentrations in two Summit ice cores in green (Jongebloed

et al., 2023a) and gold (Osman et al., 2019).
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Figure S7. Global mean DMS atmospheric lifetime in each simulation in Table S1, where the left blue triangle is the 1750 simulation, the
middle blue triangle is the 1979 simulation, and the right blue triangle is the 2007 simulation. The pink dot shows the percent change in

global mean DMS lifetime between the 1750 and 2007 simulation for each mechanism.
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Figure S8. Same as Figure 4, but for the locations of five Antarctic ice cores from previously published studies, including Law Dome (Curran
et al., 2003), Talos Dome (Becagli et al., 2009), Dyer (Abram et al., 2010), Dronning Maud Land (Rahaman et al., 2016; Vega et al., 2016),
and DIV2010 (Osman et al., 2017). Left markers in a-j indicate the 1750 simulation percent change relative to 1750 (always zero). Middle
markers in a-j represent the percent difference in MSA and bioSO4 between the 1979 and 1750 simulation. Right markers in a-j represent
the percent difference between the 2007 and 1750 simulations. In k-o, the left markers are 1750 MSA/bioSO4, middle markers are 1979
MSA/bioSOy4, and right markers are 2007 MSA/bioSO4. We do not compute the changes in MSA deposition from ice core observations

because observations are not available online in most references (e.g., Curran et al., 2003; Becagli et al., 2009; Rahaman et al., 2016; Osman

etal., 2017).
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Figure S9. The same as Fig. 7, but showing changes between 1750 and 2007 instead of 1750 to 1979.
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Figure S10. Annual mean surface MSA (top) and bioSO4 (bottom) concentrations in each simulation described in Table 1.
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Table S1. Henry’s law constants of aqueous-phase intermediates in J. Chen vs. Tashmim, Q. Chen, and Cala mechanisms.

J. Chen mechanism Tashmim, Q. Chen, and Cala mechanisms
Compound —AH/R[K] Hx(298) Matm™'] | —~AH/R[K] Hx(298)[M atm™"]
DMS 3100 0.48 4480 0.56
DMSO 3100 1x10* 2580 1x 107
MSIA 3100 1x 108 1760 1x 108
MSEA 3100 1% 107 N/A N/A
HPMTF 3100 1x10? 5200 1x10°

Table S2. Global MSA budget calculations. Atmospheric lifetime is estimated by dividing atmospheric burden by loss (wet + dry deposition).

Year Mechanism Production  Dry Deposition = Wet Deposition Burden Lifetime
(TgSyr ")  (TgSyr™") (TgSyr™) (TgS)  (days)
1750 Q. Chen (GC12) 3.47 0.60 2.88 0.29 2.55
1979 Q. Chen (GC12) 3.62 0.63 2.99 0.29 2.50
2007 Q. Chen (GC12) 3.53 0.62 292 0.28 2.47
1750  Tashmim (GC13) 4.70 0.61 4.10 0.21 1.40
1979  Tashmim (GC13) 4.65 0.61 4.10 0.21 1.40
2007  Tashmim (GC13) 4.70 0.61 4.10 0.21 1.40
1750  Tashmim (GC12) 3.46 0.59 2.86 0.30 2.74
1979  Tashmim (GC12) 3.50 0.63 3.01 0.31 2.66
2007  Tashmim (GC12) 3.58 0.62 2.95 0.30 2.61
1750  J. Chen (GC12) 6.70 0.96 5.75 0.73 3.37
1979  J. Chen (GC12) 6.62 0.96 5.67 0.87 4.09
2007 J. Chen (GC12) 6.49 0.96 5.54 0.82 3.93
1750  Cala (GC13) 4.49 0.46 4.07 0.21 1.43
1979  Cala (GC13) 4.30 0.45 391 0.20 1.42
2007 Cala (GC13) 4.28 0.45 3.89 0.20 1.41
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Table S3. Global DMS-derived sulfate (bioSO4) budget calculations.

Year Mechanism Production Dry Deposition Wet Deposition Burden Lifetime
(TgSyr™')  (TgSyr ') (TgSyr ) (TgS)  (days)
1750 Q. Chen (GC12) 8.57 1.88 7.33 0.85 2.87
1979 Q. Chen (GC12) 8.46 1.75 7.28 0.83 2.84
2007 Q. Chen (GC12) 8.53 1.78 7.41 0.81 2.74
1750  Tashmim (GC13) 7.95 1.03 6.51 0.35 1.44
1979  Tashmim (GC13) 7.95 1.03 6.51 0.35 1.44
2007  Tashmim (GC13) 7.95 1.03 6.51 0.35 1.44
1750  Tashmim (GC12) 9.69 1.73 8.15 0.85 2.65
1979  Tashmim (GC12) 9.55 1.66 8.03 0.82 2.63
2007  Tashmim (GC12) 9.65 1.70 8.15 0.81 2.56
1750 J. Chen (GC12) 9.28 1.43 7.65 0.55 1.89
1979  J. Chen (GC12) 9.38 1.46 7.70 0.68 2.29
2007 J. Chen (GC12) 9.53 1.52 7.87 0.69 2.26
1750  Cala (GC13) 6.11 0.79 5.22 0.31 1.59
1979  Cala (GC13) 6.40 0.76 5.42 0.31 1.56
2007 Cala (GC13) 6.42 0.76 5.44 0.31 1.55
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