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Chain of equations to calculate the drag coefficient Cd of freely falling non-spherical particles in liquids or gases based on the
shape correction scheme of Bagheri and Bonadonna (2016; 2019):

CD =
24 kS
Re

(1+0.125(Re kN/kS)
2/3)+

0.46 kN
1+5330/(Re kN/kS)

(S1)

kS,rand, kN,rand, kS,max, and kN,max are the Stokes’ and Newton’s drag corrections for random-orientation-drag and maximum-
orientation-drag, respectively. Stokes’ and Newton’s drag corrections for average-orientation-drag, kS,aver, kN,aver, have been
introduced by Tatsii et al. (2024).

kS,rand = (F
1/3
S +F

−1/3
S )/2 (S2)

kN,rand = 10α2(− log(FN ))β2 (S3)

kS,max = (F 0.05
S +F−0.36

S )/2 (S4)

kN,max = 100.77(− log(FN ))0.63 (S5)

kS,aver = (kS,max + kS,rand)/2 (S6)

kN,aver = (kN,max + kN,rand)/2 (S7)

α2 and β2 are empirical parameters that depend on the particle-to-fluid density ratio ρ′:

α2 = 0.45+
10

exp(2.5logρ′)+ 30
(S8)

β2 = 1− 37

exp(3logρ′)+ 100
(S9)

The simplified version of the model, which is suited for elongated particles, in contrast to the full version, neglects the term
d3
eq

L I S in the Stokes’ form factor FS and in Newton’s form factor FN :

FS = fl el1.3 (
d3eq

L I S
) (S10)

FN = fl2 el (
d3eq

L I S
) (S11)
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 Microscopic images of the glitter particles and fibers recorded with a 3D laser microscope (VK-X200K, KEYENCE Inter-
national (Belgium) NV/SA) are shown in Fig. S2 and Fig. S3. The dimensions of the glitter particles differ from those given by
the manufacturer; therefore, from the microscopic images, L and I were extracted with the software ImageJ. L is defined as the
longest dimension of the particle and I as the longest dimension of the particle perpendicular to L, according to the standard
protocol proposed by Krumbein (1941). The shortest dimension, S, was evaluated with the 3D laser microscope, where the
glitter particle’s thickness was chosen as S, with S being perpendicular to both L and I . The dimensions of the fibers measured
with the microscope agreed well with the properties given by the manufacturer. The arrows in Figure S1 depict examples of
how L and I were chosen for glitter particles with irregular (a) and regular shapes (b) and for fibers (c).

Figure S1. Longest L, intermediate I and shortest S dimension of the glitters (a), (b), and fibers (c). For films, the S dimension is represented
by the film thickness.
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Figure S2. Microscopic images of the glitter particles used in the experiments.
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Figure S3. Microscopic images of the fibers used in the experiments.
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Table S1. Simulation times for different FLEXPART runs.

Particle Simulation time

0.05 mm diameter glitters 3 days
0.1 mm diameter glitters 10 h
0.2 mm diameter glitters 10 h
0.4 mm diameter glitters 5 h
0.6 mm diameter glitters 3 h
1 mm diameter glitters 2 h
3 mm diameter glitters 2 h
0.05 mm diameter spheres 3 days
0.1 mm diameter spheres 10 h
0.2 mm diameter spheres 3 h
0.4 mm diameter spheres 2 h
0.6 mm diameter spheres 2 h
1 mm diameter spheres 2 h
3 mm diameter spheres 2 h

Table S2. Wet scavenging parameters that have been varied for the sensitivity test: cloud condensation nuclei efficiencies (CCN), ice-
nucleating particle efficiencies (IN), and scavenging efficiencies for rain (Crain) and snow (Csnow). The parameters were selected based on
the values proposed by Evangeliou et al. (2020) and Wang et al. (2014). Indicated are additionally the relative differences averaged over all
particle sizes between the base simulations and sensitivity analyses.

CCN IN Crain Csnow
Mean rel. difference
travel distances (%)

Mean rel. difference
residence times (%)

Base simulation 0.001 0.01 1 1 - -
High CCN 0.5 0.01 1 1 1.93 3.38
High IN 0.001 0.8 1 1 1.86 4.01
Low Crain 0.001 0.01 0.6 1 1.71 3.82
Low Csnow 0.001 0.01 1 0.5 1.87 3.79

Table S3. Settling velocities of fibers; experimental (vt), and modeled (vmax, vaver, vrand) with the simple version of Bagheri and
Bonadonna’s (2016; 2019) model a

Name Sample 1 Sample 2 Sample 3 Sample 4 Sample 5 Sample 6 Sample 7 Sample 8

Symbol

vt (m/s) 0.03 0.07 0.07 0.11 0.25 0.25 0.38 0.62
σvt (m/s) 0.01 0.01 0.01 0.01 0.02 0.20 0.02 0.09
vmax (m/s) 0.02 0.07 0.09 0.10 0.24 0.25 0.40 0.64
vaver (m/s) 0.02 0.08 0.10 0.12 0.27 0.28 0.45 0.72
vrand (m/s) 0.03 0.09 0.11 0.13 0.31 0.32 0.53 0.86

a The measured velocity vt is given as the average over the number of experiments of the corresponding shape and size, with σvt being the standard deviation.
vrand, vmax, vaver are the modeled velocities with random-, maximum-, and average-orientation-drag configuration, respectively.
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Figure S4. Experimental recording of the gravitational settling behavior of glitters with nominal diameters of 0.1 mm (a) and 3 mm (b). For
each glitter particle, data from the two upper cameras (TX and TY) and the two lower cameras (BX and BY) for the entire vertical length of
the cameras’ observation volumes is shown.
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Figure S5. Experimental recording of the gravitational settling behavior of fibers of sample 6 (a) and sample 4 (b). For each fiber, data from
the two upper cameras (TX and TY) and the two lower cameras (BX and BY) for the entire vertical length of the cameras’ observation
volumes is shown.
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Figure S6. Mean atmospheric horizontal travel distances and atmospheric residence times of glitters (pink) and volume equivalent spheres
(blue) for the release points Brasília (a), (b), Cairo (c), (d), and New Orleans (e),(f). Standard deviations are depicted by whiskers.

8



Figure S7. Mean atmospheric horizontal travel distances and atmospheric residence times of glitters (pink) and volume equivalent spheres
(blue) for the release points London (a), (b), Reykjavík (c), (d), and Shanghai (e),(f). Standard deviations are depicted by whiskers.
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