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Figure S1: (Top right) picture showing the main components forming the novel integrative sampling installed at
Jungfraujoch (JASS) in April 2023. In the background of the picture, the rectangular decay chamber to measure 22>Rn
is visible. (Bottom) Picture showing the interior of the electronic sampling box.
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Figure S2: Mean concentration footprints (source-receptor relationships, SRR) calculated with FLEXPART-COSMO
for the sampling location Jungfraujoch (red cross) for different sampling strategies (fortnightly grab sampling: a, d;
integrated nighttime sampling: b, e; continuous sampling: c, f) and periods (winter: a, b, c; summer: d, e, f) in 2023/2024.
Winter: December, January, February; Summer: June, July, August. Grab sampling results in probing specific
transport situations, which can be seen by relatively sharp structures in the mean footprint in both summer and winter
(a, d). In comparison, integrated night-time sampling (as implemented with the JASS system) results in a much
smoother footprint, which is less sensitive to specific transport situations, and, hence, results in a more representative
air mass sampling. In line with previous findings (e.g., Herrmann et al. (2015)), concentration footprints are larger
during the summer than during the winter as the high-altitude site is more decoupled from lower altitudes in the latter.
In addition, continuous sampling in summer leads to a more intense concentration footprint especially close to the site
(Switzerland), confirming that nighttime sampling is more suited for deriving baseline conditions.
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Figure S3: Geographical area (Europe-centered) considered to estimate the A'C nuclear influence on A¥CHy4 and
ACOz measurements conducted at Jungfraujoch (orange star). Each cross represents a nuclear power plant considered
in the study: a red cross refers to PWRs, a blue cross to BWRs, a green cross to VVERs and a black cross to other
reactor types.
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Figure S4: Parameters used to extend the atmospheric one-box model of Fujita et al. (2025) after 2013 (see section 2.6):

(a) global anthropogenic biogenic CH4 emissions Eanth bio, (b) global natural biogenic CH4 emissions Enatr bio, (¢) global
anthropogenic fossil fuel CH4 emissions Eanm s, (d) global total CH4 emissions, (e) global atmospheric CHs molar
fraction, (f) nuclear electricity produced by PWR and VVER reactors according to the inventory by Laemmel and

Szidat (2025), (g) emission factor ®@ and the three ® scenarii used for extrapolation after 2013 (in blue), and (h) annual
nuclear '*CH4 emissions and the three corresponding extrapolations based on previous @ values (in blue). Black lines
in subplots (a), (b), (¢) (d), (e), (g) and (h) are derived from Fujita et al. (2025); corresponding blue lines are updated
values used in the present study.
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Figure S5: continuous A*CH4 and A*CO: measurements of the two pressurized air bottles (PAB) (first one from March
2022 to July 2023, second one since August 2023) used as internal standard bottles to evaluate the temporal consistency
of our measurements. The red continuous line represents the average value of all the measurements and both dotted

lines show the uncertainty range (+ standard deviation).



Calculation of A™*CV“¢ (Section 2.4)

Finally, the annual, quarterly or monthly emission amount of *CO2 and '“CHj available for each plant was equally divided into
three-hour intervals to compute an emission rate per output step of the FLEXPART transport simulation:

- _ Ainiti2aac
E; = N, @) Eq. (S1)

where:

E; is the mass emission of the radiocarbon element of interest (i = *COz or *CH4) (in g s),

A; the radiocarbon emission (i = '*COz or '*CHa) in activity units (Bqg),

u; the molecular mass of the emitted radiocarbon element (46 g mol-! for *CO2, and 18 g mol’! for '*CHa),
N,the Avogadro constant (6.022 x 10% mol "),

t1/2,14¢ the half-life time of radiocarbon (1.799 x 10" s or 5700 years).

FLEXPART-COSMO calculates gridded source sensitivities, 7z, in units (g g') (s m®> g') (Seibert and Frank, 2004).
Multiplication of the source sensitivity of the grid cell containing the nuclear power plant and dividing by the grid box volume,
V, yields the radiocarbon mass mixing ratio at the receptor and can readily be converted to the dry-air '“Ci mole fraction
(i="4CO2 or “CH4):

e = Elg“ﬂ— Eq. (S2)

Assuming a mass balance model for '*C; and the mole fraction of all the isotopes of corresponding element (i.e. CO2 or CHa)
(Graven et al., 2019), a nuclear correction A1*CNU¢ can finally be derived:

i 14,

AvgNue =t G Eq. (S3)

Cobs
where Alis the AT signature that a pure *C sample i would have. For a pure “CO; sample, following (Levin et al., 2010),
we used an estimate of AG%2 of 8.21 x 10'* %o, assuming a constant 5'3C value of -8%o. For a pure '“CH4 sample, based on a
similar calculation, we used an estimate of A of 8.89 x 10'* %o, assuming a constant 8'C value of -48%o. Cobs represents
the mole fraction of the corresponding element i at the receptor; in this study, we used the ICOS measurements at JFJ.
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