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Null experiments for the ship tracks

To assess the potential impact of linear-interpolation—related errors on the log-
arithmic CF response in ship tracks (Fig 3), we additionally estimated the re-
sponse using null experiments that are expected to yield no detectable signal in
the absence of tracks.! In these experiments, the logarithmic CF response was
computed after artificially displacing the hand-logged ship tracks by 50 or 100
km to the left or right, or by rotating the tracks by 45° clockwise around their
centroids. The CF response derived from the true ship tracks differs markedly
from that in the null experiments, both in magnitude and in temporal evolution.
For the true ship tracks, the 5th-95th percentile ranges of logarithmic changes
are 0.14 to 0.31 for CFsgr and 0.002 to 0.057 for CF¢oudmask- In contrast, the
CF response in all null experiments remains within —0.05 to 0.06 and —0.016
to 0.017, respectively, and exhibits no systematic temporal variability. We also
recomputed the logarithmic CF response using only the unpolluted reference
polygons from one side of the track (either the right or left side). The resulting
5th—95th percentile ranges and temporal evolution for CFsr and CF oudmask



are very similar to those obtained when averaging both unpolluted reference
polygons, with ranges of 0.14 to 0.42 and 0.003 to 0.064, respectively. Overall,
the tests demonstrate that for the tracks analysed, linear-interpolation-related
errors are negligible relative to the observed CF response.

Visualization of sources of bias and error affecting cloud susceptibilities

Supplementary Figure S1 illustrates various sources of aerosol-dependent biases
in cloud retrieval outcomes. It is important to note that 1) the magnification
in Figure 1c¢) shows that small cumulus clouds are preferentially retrieved in-
side the plume, while similar thin clouds outside the plume are missed. 2)
Figure 1d) shows that, outside the plume, parts of large clouds are more often
excluded when retrieved cloud effective radius exceeds the limits of the MODIS
radiative-transfer look-up tables (LUTSs) - precomputed relationships between
cloud properties and observed reflectance - beyond which retrievals fail. In both
cases, if CF is based on successful retrievals, elevated aerosol level produces
higher CF values. Comparing Figures 1a) and b), we see that when PCL clouds
are neglected, small optically thin cumulus clouds - characterized by low liquid
water path - are preferentially missed outside the plume, leading to a bias in
the retrieved LWP. Including also the thinner small clouds makes the clouds
outside and inside the plume more comparable, and reduces the average LWP.
3) Figure e) illustrates another source of bias: in the densest part of the Kilauea
plume, the MODIS cloud mask erroneously assigns part of the aerosol plume as
a water-phase cloud. Although most of these do not then have successful cloud
retrievals, they still inflate cloud fraction estimates when CF is defined from
the number of water-phase pixels. This highlights that even the seemingly ro-
bust CF definitions remain prone to aerosol-dependent biases, underscoring the
overall difficulty of extracting unbiased cloud responses to changes in aerosol.
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Supplementary Figure 1: Image from NASA’s WorldView to illustrate the var-
ious sources of bias and error. The selected region is west of Kilauea volcanic
eruption. a) LWP of overcast pixels, b) LWP of overcast pixels and of PCL
(partly cloudy) pixels. c—e) Spatial subsets corresponding to the red, blue, and
green boxes highlighted in a): ¢)-d) LWP of overcast pixels, e) forward-leaning
hatching indicates water phase pixels. Successful retrievals within these regions
are further highlighted with backward-leaning hatching.
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Supplementary Figure 2: Aerosol-dependent retrieval outcomes in a Saharan
dust case. Imagery west of the Sahara on [27 August 2019, Aqua granules]
illustrates that cloud-property retrievals succeed more frequently inside the dust
plume than in adjacent background scenes.
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Supplementary Figure 3: a) Time-series of MODIS cloud liquid water path
(LWP) averaged over the study area for June and July each year. The blue
line shows the average values from all successfully retrieved cloud pixels, while
for the yellow line the neighbor-consistency filter has been applied. The dashed
horizontal lines show the total mean values for each line. The dashed vertical
lines indicate the eruption years 2008 and 2018. b) Fraction of data removed by
the neighbor-consistency filter per LWP bin for non-eruption years (blue line)

and for eruption years (red line)

200



(a) Corrected Reflectance (True Color)

z(llgh OC Cloud Effective Radius (CER, liquid only)

21°N

19°N

17°N

15°N

13°N

93°E

SE)NOC Cloud Optical Thickness (COT, liquid only) 21“,sd) OC CER Retrieval Outcome (liquid only)

19°N

17°N

CcoT

15°N

13°N

11°N ™ Successful retrieval
Failed retrieval ¢

83°E 85°E 87°E 89°E 91°E 93°E

83°E 85°E 87° 91°E

Supplementary Figure 4: Bay of Bengal case illustrating aerosol-dependent re-
trieval sampling. Aqua MODIS scene east of India (15 January 2017 granule).
(a) True-color image showing an aerosol reflectance gradient toward the coast.
(b) Overcast (OC) retrieval of cloud droplet effective radius (CER) and (c) cloud
optical thickness (COT). (d) Retrieval outcomes: successful OC retrievals versus
unsuccessful cases, defined as pixels identified as liquid-phase cloud for which
the OC optical-property retrieval does not return CER/COT (e.g., observations
outside LUT bounds).
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Supplementary Figure 5: Responses of cloud fraction (CF) to the Kilauea vol-
canic aerosol perturbation in June 2018 (upper panel) and to the Holuhraun in
October 2014 (lower panel). Box-plots show the ratio of MODIS/MODIS_ML
for the eruption year (pink) and non-eruption years (black). Different definitions
for CF were used, from left to right in x-axis. Based on number of successful
retrievals (in the left-hand side), based on the number of liquid phase pixels (in
the middle), and based on successful retrievals from overcast and PCL (partly
cloudy) retrievals (in the right-hand side). Daily data are used for clouds and

meteorology.
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Supplementary Figure 6: Random Forest performance for non-eruption years
for Holuhraun and Kilauea case. Cloud droplet number concentration with
monthly (left-hand-side) vs. daily meteorology (right-hand-side).
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Supplementary Figure 7: Cloud fraction ratios (MODIS/MODIS_ML) as a func-
tion of aerosol index (AI), derived by repeating the pseudo-eruption analysis year
by year. Both eruption years (2008 and 2018) do not stand out from the back-
ground variability, indicating that natural fluctuations can yield CF changes
comparable to those attributed to aerosol effects, highlighting the limits of at-
tribution in this framework.
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