
(Supplementary Fig. 9). Certain areas over the ocean display
increases in Se deposition in future scenarios, including the
Eastern Pacific and Southern Ocean (Fig. 1c and Supplementary
Fig. 1d). These increases are stronger under SSP5–8.5 than
SSP1–2.6 and are caused by projected changes in climate,
including precipitation shifts and enhanced marine biogenic
emissions due to sea ice decline (Supplementary Discussion and
Supplementary Figs. 6 and 7). Global S deposition shows steeper
declines during the twenty-first century than global Se deposition
(−56% vs. −31% for SSP1–2.6; −43% vs. −23% for SSP5–8.5),
due to greater contributions from anthropogenic sources for total
S emissions than Se (Supplementary Table 1).

Our model employs source tracking for Se to attribute
deposition to the different sources: anthropogenic activities,
volcanoes, marine biosphere, and terrestrial biosphere. During
the recent period (2005–2009), most Se deposition over Asia,
North America, and Europe is attributed to anthropogenic
sources (75%), whereas Africa, South America, and Australia are
dominated by biogenic and volcanic sources of Se (79%) (Fig. 1c).
Marine biogenic sources contribute significantly to Se deposition
in certain continental areas (e.g., 35% of Australian deposition in
2005–2009), illustrating the long-range transport of Se23. By the
end of the twenty-first century, anthropogenic contributions to
deposition diminish in the Northern Hemisphere (Fig. 1c and
Supplementary Figs. 3–5). For SSP5–8.5, anthropogenic sources
are still projected as the dominant contributor to deposition in
certain regions, such as the Indo-Gangetic Plain, the Arabian

Peninsula, Western Europe, and Northeastern China (Supple-
mentary Fig. 5). Overall, however, biogenic and volcanic sources
will become the major contributor (53–98%) to Se deposition
over all continents under both future scenarios.

Impacts of deposition trends on agricultural regions. Because
atmospheric deposition is the major input of S and Se to soils in
many regions globally6,10,18,22, the projected changes in deposi-
tion will impact the mass balance of these nutrients in agricultural
soils. We quantify trends in the deposition of S and Se to agri-
cultural soils by calculating median deposition over model grid
cells that are covered by >25% croplands or pastures31 (Fig. 2). As
the deposition to agricultural soils in the Southern Hemisphere is
less influenced by anthropogenic emissions, S and Se deposition
over Africa, Australia, and South America will decrease only
modestly in the future, ranging from 20 to 40% for S and 3 to 25%
for Se. On the other hand, agricultural soils in Asia, North
America, and Europe show strong decreases at the end of the
twenty-first century from recent (2005–2009) values for S
(85–90% for SSP1–2.6; 70–75% for SSP5–8.5) and Se (70–80% for
SSP1–2.6; 55–65% for SSP5–8.5). These projected declines are on
par with the relative changes in S deposition between the 1980s
and 2000s for agricultural regions in Europe and North America
(−70% and −35%, respectively) (Fig. 2), when agricultural S
deficiencies became more prevalent. Therefore, we expect that if
agricultural practices do not change, S deficiencies in plants and

Fig. 1 Modeled Se deposition in recent and future periods (results for S are in Supplementary Fig. 2). a Distribution of atmospheric Se deposition in the
recent period, 2005–2009. b Modeled (red line) and observed (blue line) trend in wet Se deposition, averaged over six measurement stations in Ontario,
Canada. Error bars indicate the 2σ variability between measurement stations. c Relative difference in Se deposition from the recent period (2005–2009) to
the future (2095–2099) under the SSP1–2.6 scenario (for SSP5–8.5, see Supplementary Fig. 1). White grid cells indicate that the mean change is smaller
than the 2σ interannual variability from the 2005 to 2009 simulation. Pie charts illustrate the Se source contributions to deposition for each continent for
recent and future periods, with pie area proportional to total continental deposition.
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