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distribution between vegetation and soil, (3) changes in vegetation C:N and C:

P ratios, and (4) changes in soil C:N and C:P ratios. In the combined CO2 and



standardized approach for comparing ecosystems. Here we
take an intermediate approach, much like that used by
Gerten et al. (2008) and Luo et al. (2008), where the same
model is applied to several ecosystems. We apply the Multi-



hardwood forests from harvest (Rastetter et al.,2013) and



steady state. This steady-state assumption clearly ignores
responses to climate change already underway in these
ecosystems. However, the assumption effectively
increases the degrees of freedom for calibration by a fac-
tor of 2 or 3 because we can assume, for example, that
plant uptake, litter losses, and net mineralization of



T A B L E 1 Characteristics of the 12 ecosystems in this analysis.

Characteristic ARC-t a ARC-w b ARC-sc















ecosystems where symbiotic N fixation is modeled explic-
itly (NWT, KBS, BNZ-l, BNZ-u, and CAX), elevated CO2



of the ecosystems (Figure6 and Table2). Of these ecosys-
tems, some begin to lose biomass early in the simulations
(NWT, KBS, BNZ-l, and CAX, Figure6). In the others,
several years of declining rainfall are required before a



vegetation biomass for the first� 40 years of the simula-







ecosystem C gain in the tropical rainforest (CAX) is



for all but two of the ecosystems (near the 1:1 line in
Figure 8d). That is, the response in the multi-component
simulation is about equal to the sum of the responses in
the single-component simulations. For the lowland
boreal forest (BNZ-l) the interaction is synergistic
because elevated CO2 and warming stimulate plant pro-
duction and redistribute N and P from soil to vegetation





component climate simulations with both decreased
(Figure 9a) and increased (Figure10a) precipitation. Sim-
ilarly, both ecosystems increase soil C:P more than soil C:
N (Figures8d and 9d) because of this difference in N ver-
sus P gain. In contrast, the tropical rainforest (CAX)
accumulates neither N nor P in the multi-component



et al. (2021) for the response of tundra during permafrost
thaw. Nevertheless, this difference in N versus P reten-
tion is compensated by a larger increase in the soil C:N
than C:P ratio (Figure10d). The tallgrass prairie (KNZ)
responds similarly to the arctic sites, but with a stronger



mycorrhizal weathering of apatite (Blum et al.,2002) par-
allels symbiotic N fixation in ecosystems where apatite is
present in the rooting/mycorrhizal zone (unlikely at
CAX; Porder & Hilley, 2011). These are processes that



fixation or organic N uptake. These results highlight the
importance of the ongoing uncertainty in how plant
nutrient acquisition influences C storage under global
change. For example, mycorrhizal acquisition of P from
SOM or apatite parallel DON use by plants and symbiotic
N fixation, which could help maintain synchrony in our
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