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Supplementary Figure 1: Mercury (Hg) concentration in fish. The dry weight concentration of
Hg in fish (Hgsish) as a function of methyl mercury (MeHg) concentration in water. The plot
shows the regression model used to estimate Hgsish from our simulated MeHg concentrations
shown in Supplementary Figure 11. We used 268 data points and the regression is statistically
significant at the 95% level. We converted from dry weight to wet weight assuming fish mass is
80% water'. We include data from multiple fish species, so the regression model represents an
average fish species! 2. The regression model will differ for specific fish species.
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Supplementary Figure 2: Simulated decrease in permafrost extent. Permafrost extent is the area
where simulated permafrost occurs in the top five meters of soil. RCP45 shows a modest
decrease in near surface permafrost extent. RCP85 shows a near complete thaw of all near
surface permafrost. The shaded area represents uncertainty in permafrost extent due to
variability in projected climate.
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Supplementary Figure 3: Total soil mercury (Hg). Total soil Hg is the sum of thawed Hg in the
active layer plus frozen Hg in permafrost. The shaded areas represent uncertainty. The total Hg
stays relatively constant for most of the 20" century, consistent with our assumption of steady
state initial conditions in 1901.
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Supplementary Figure 4: The mercury to carbon ratio (Hg:C). The simulated Hg:C in the active
layer starts at 1.6 ug Hg gC™! consistent with using observations to initialize the model®. The
shaded regions represent uncertainty. Hg:C for frozen organic matter in permafrost stays
constant at 1.6 pg Hg gC!. Hg:C depends on the balance between carbon and Hg losses and
gains. Hg losses are Hg® evasion and Hg"! leaching and gains are atmospheric deposition.
Carbon decreases due to decay, but increases due to photosynthesis. The total amount of Hg
within the soil column stays relatively constant over the 20" century, but Hg:C decreases
because the total amount of biomass increases due to increased photosynthesis from higher
temperatures and increasing atmospheric carbon dioxide. This decreasing trend continues for
RCP45. For RCP85, however, Hg:C increases in the middle of the 21 century when carbon
losses due to increased decay exceed enhanced photosynthesis.
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Supplementary Figure 5: Cumulative mercury (Hg) loss per area by 2300. Total Hg loss is net
elemental mercury (Hg®) flux to the atmosphere plus mercury cation (Hg') export by rivers
summed from 1901 to 2300. The major river drainage basins appear outlined in red. Areas with
the highest Hg losses represent permafrost regions most vulnerable to thaw with the largest
amount of frozen carbon. All the major river basins show similar patterns of minimal releases
for RCP45 and large releases for RCP85. The upper Mackenzie and Yenisei drainage basins lie
outside the permafrost domain, which may modulate the effects of Hg release from permafrost.
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Supplementary Figure 6: Mercury cation (Hg'") export from the Yukon River. Simulated annual
Hg'"! export from the Yukon River Basin (YRB) appears consistent in magnitude with observed
values at Pilot Station, Alaska*. The shaded areas represent uncertainty in simulated values. The
observed values represent annual averages with the standard deviation representing uncertainty.
Pilot Station lies near the mouth of the Yukon River and the observed Hg'' export represents the
integrated, total Hg'! riverine export for the entire YRB.
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Supplementary Figure 7: Mercury cation (Hg") concentrations in the Yukon River. Simulated
Hg" concentrations (ng Hg L") appear consistent with observed values at Pilot Station, Alaska,
near the mouth of the Yukon River*. The observations span the time period of 2001 through
2005 and the simulated concentrations represent the average seasonal cycle from 2001 through
2005. The shaded areas represent uncertainty in the simulated concentrations.
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Supplementary Figure 8: Water quality exceedances. Exceedance is the number of days per year
that estimated mercury cation (Hg") concentration at Pilot Station exceeds the Environmental
Protection Agency (EPA) water quality criterion of 12 ng Hg L™!. The solid lines represent the
means and the shaded areas represent uncertainty. We applied a 20-year running mean filter to
reduce noise.
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Supplementary Figure 9: Methyl mercury (MeHg) concentrations. Annual average, simulated
MeHg concentrations in the Yukon River at Pilot Station, Alaska. The shaded areas represent
uncertainty. We first calculated annual average mercury cation (Hg") concentrations and applied
a 10-year running mean filter to reflect the fact that fish accumulate MeHg over their lifetimes
and the concentration does not go up and down with seasonal and interannual variability. We
then multiplied the smoothed annual average Hg" concentration by the observed MeHg to Hg!!
ratio of 1%*.
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Supplementary Figure 10: Probability distribution of mercury (Hg) deposition. Steady state
initial conditions in 1900 required a total, pan-Arctic Hg deposition rate of 0.75+0.11 Gg Hg yr’!
or 9.0+1.3 ug Hg m? yr'!, shown here as the vertical line with the shaded area representing
uncertainty. We compared to Hg'' wet deposition data from the Mercury Deposition Network
(MDN) (http://nadp.slh.wisc.edu/MDNY/) and dry Hg® deposition on the North Slope of Alaska®.
The MDN included 39 measurements of wet deposition for Alaska collected over several years
with an average and standard deviation of 2.6+1.7 ug Hg m™ yr'!'. SiBCASA assumes 71% Hg"
dry deposition and 29% Hg! wet deposition based on observations’, resulting in a simulated
annual dry Hg® deposition of 6.4+0.9 ug Hg m? yr'! and an annual wet Hg"" deposition of
2.6£0.4 pg Hg m? yr'!, consistent with the observed value from the MDN. Here, we compare
the simulated Hg deposition to a PDF of all 2071 observed deposition rates in the MDN. The
simulated total deposition rate of 9.0+1.3ug Hg m™ yr'! appears consistent with the mean
deposition of 8.6+45 ug Hg m? yr'! based on observed deposition rates across North America.
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Supplementary Figure 11: Distribution of modern net elemental mercury (Hg’) flux. Simulated
net Hg? fluxes for the Yukon River Basin (YRB) between 1900 and 2020 appear consistent in
magnitude and range with observed Hg? fluxes worldwide. The net flux is evasion minus
deposition, with a positive value indicating a net release into the atmosphere. A compilation of
132 studies included nearly all published measurements of net Hg® flux, but only 4 of the studies
focused on permafrost®. To provide a more comprehensive model evaluation, we compared a
Probability Density Function (PDF) of simulated net Hg” fluxes in the YRB to a PDF of all
available observations from background, undisturbed sites. Both have peaks or modes at slightly
positive values of net Hg flux, indicative of net Hg release to the atmosphere. The model
started at steady state in 1900, but transitions to an Hg source by the 1940s, resulting a peak or
mode at an Hg? flux of 6 ug Hg m™ yr'!. Both show skewed distributions towards positive
fluxes.
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Supplementary Figure 12: Distribution of future net elemental mercury (Hg°) flux. Simulated
net Hg" fluxes for the YRB between 1900 and 2300 for the RCP 8.5 scenario appear consistent
with observed Hg” fluxes for contaminated sites [Agnon et al., 2016]. Here, we compare a
Probability Density Function (PDF) of simulated net Hg® fluxes between 1900 and 2300 for the
YRB with PDFs of observed fluxes for naturally enhanced fluxes from enriched geologic sites
and anthropogenically enhanced fluxes from contaminated mining sites®. Both naturally
enriched and contaminated mining sites show observed Hg” flux values often exceeding 10,000
nug Hg m? yr'!. The simulated fluxes show two peaks, a primary peak at ~100 pg Hg m? yr' a
secondary peak at ~1200 pg Hg m?2 yr'!. The primary peak results from simulated fluxes early in
the simulation when the YRB was still near steady state with relatively low fluxes. The
secondary peak results from simulated fluxes after 2100 when the permafrost thaws out and the
organic matter decays, consistent with observed fluxes from contaminated sites. Although
thawed, the organic matter decays slowly with a characteristic time scale of 75 years, limiting
evasion rate such that the simulated Hg® flux rarely exceeds ~1600 pg Hg m? yr.
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