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The published Papers I and II made use of a chemical partition-
ing model that did not conserve the nitrogen abundance. The
correct N2 abundance should have been 0.45 × N/H instead
of 0.9 × N/H (see Table 1). This change in the N2 abundance
results in a wrong ratio of nitrogen-bearing species to other
molecular species, even though the total heavy element content
was still conserved. Rerunning all simulations, we find that the
general outcome of our simulations remains unchanged, except
for the nitrogen content shown in Paper II. We have therefore
updated Figs. 2, 3, and 5 from Paper II to include the updated
chemical model with the correct partitioning of nitrogen. Cor-
recting the fraction of N2 by decreasing N2 slightly increases
the amount of other heavy molecular species, as can be seen
in Figs. 1 and 2. The resulting volatile-to-refractory ratio is
therefore subsequently slightly smaller, since N2 is volatile.

The model of Jupiter and Saturn with additional solid enrich-
ment has been updated to include less solids (see Table 2) to still
match the sulfur abundance of Jupiter and Saturn. The updated
Fig. 3 still demonstrates that Jupiter’s nitrogen abundance could
have been influenced by the drift and evaporation of N2-bearing
pebbles. While there is a slight difference in the nitrogen abun-
dance in the planetary atmospheres from the updated model, the
general conclusions of our simulations in Papers I and II remain
untouched.
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Table 1. Condensation temperature and volume mixing ratio of N2.

Species (Y) Tcond [K] vY, no C vY, with C

N2 20 0.45 × N/H See vY, no C

Notes. Updated N2 abundance. The condensation temperature for N2 is
taken from Lodders (2003). The volume mixing ratio vY (i.e., by num-
ber) is adopted for N2 as a function of disk elemental abundance (see,
e.g., Madhusudhan et al. 2014).

Table 2. Additional solid enrichment.

20% carbon grains 60% carbon grains

Fig. 2 30 M� 30 M�
Jupiter 7 M� 9 M�
Saturn 9 M� 11 M�

Notes. Additional solid enrichment for Figs. 2 and 3.
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Fig. 1. Final atmospheric compositions of the planets shown in Fig. 1 of Paper II normalized to the solar composition. We also show the C/O ratio
normalized to the solar value on the right of each panel, with Jupiter’s C/O ratio marked in gray (Atreya et al. 2016; Li et al. 2020), as well as the
volatile-to-refractory ratio, which we calculate as the ratio of volatile to refractory molecules in the atmosphere. Left panels: models with 20% of
the carbon abundance locked in refractory carbon grains, whereas right panels: models with 60% locked in carbon grains. The circles mark the
composition of the pure atmosphere, while the triangles mark the composition if the core were completely mixed into the atmosphere.
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Fig. 2. As Fig. 1, but with the addition of 30 Earth masses of solids into the atmosphere. We only show the results of the planets starting at 3.0 AU
because the addition of extra solids into the atmospheres results in the same trends for planets starting farther away from the star.
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Fig. 3. Atmospheric compositions of Jupiter and Saturn from our model and the corresponding observations (Atreya et al. 2016; Li et al. 2020). Left
panels: models with 20% of the carbon abundance locked in refractory carbon grains, whereas right panels: models with 60% locked in carbon
grains. Bottom panels: effect of additional solids added to the atmosphere (see Table 2). The gray bands correspond to measurements in Jupiter’s
atmosphere, while the horizontal light blue line marks the measurements for Saturn. We show here only the atmospheric abundances without
mixing of the planetary core into the atmosphere because Jupiter has a core (Wahl et al. 2017). The refractory content is zero if we do not add any
additional solids because our model does not allow the accretion of solids during the gas accretion phase.
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