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Figure S1: Time series of changes in carbon inventories for the simulation shown as red
lines in Fig. 1). Top: atmospheric CO, (ApCO,) simulated by the complex model (solid)
compared to the simple theory (dashed). Changes in atmospheric CO, are due to changes
in land carbon (Cpr) and ocean carbon (Cop) inventories, ApCO; = - ACt, - ACp. Bottom:
changes in Cp. (black solid) and Co (red) (2.13 Gt C = 1 ppmv). Changes in land carbon
are due to changes in soil carbon (dashed) and vegetation carbon (difference between
black solid and dashed lines). The initial small (5 ppmv) but rapid (within 250 years)
increase of atmospheric CO; is due to a decrease in soil carbon on land. This response in
the land carbon explains the difference between the simulated atmospheric CO, changes
and the theory. The rapid initial decrease in soil carbon is caused by a decrease in boreal
forest in northeastern Europe and Siberia (not shown) and the rapid drop in atmospheric
CO; at year 1800 is due to an abrupt arrest in the decrease of the oceanic carbon
inventory, whereas the land carbon continues its increase. Thus both changes in land and
ocean carbon inventories are clearly important for the atmospheric CO, evolution, but the
ocean dominates on longer (multi-centennial to millennial) time scales.
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Figure S2: Preformed phosphate concentrations in mmol/m”’ (color scale) zonally
averaged in the Indian and Pacific oceans (left) and Atlantic (right) as a function of
latitude (horizontal axis) and depth (in m, vertical axis) for the simulation shown as black
lines in Fig. 1. The top row is the state at year 0 with a strong overturning in the Atlantic.
Isolines show the zonally integrated flow as represented by the Eulerian streamfunction
with an isoline difference of 2 Sv (1 Sv = 10° m’/s). Solid lines (positive streamfunction)
show clockwise flow, dashed lines indicate counter-clockwise flow. The downwelling of
nutrient poor surface waters in the northern North Atlantic leads to low preformed
nutrient concentrations at the depth of southward flowing North Atlantic Deep Water (1.5
— 3.5 km). The center row shows the state 2500 years after NADW formation stopped.
The bottom row depicts the differences (year 2500 minus year 0). The reduction of
NADW leads to increased preformed nutrient concentrations in the North Atlantic and in
the deep Indian and Pacific oceans below 2000 m and to decreases in the upper North
Pacific ocean.
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Figure S3: Sensitivity of AMOC, Greenland temperature, N,O, globally averaged upper
ocean (0-1000 m) phosphate concentrations and globally integrated new production to
different freshwater forcing functions. The red lines show the same simulation as they
show in Fig. 1. The green lines show the influence of a slight change in the forcing (top
panel). In this case the forcing decreases gradually instead of abruptly after year 1800.
This leads to a post-stadial peak in N>O concentrations followed by a gradual decrease,

consistent with the observations (Fig. 2).
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