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Figure 1. Cloud property responses to ship emissions over time, by emission quartiles. The four equally populated emission bins are labelled

very low to very high. This data is from averaging all the data in-track that falls into a time and emission bin, and dividing by the average of

all the out-of-track data in the same time and emissions bin.

Appendix A: Methods

A1 Scope

Geographically, we study the larger part of the Atlantic between (-50�S, 50�N) and (-90�W, 20�E) as well as the stratocumulus15

(Sc) deck in the Southeast Pacific off the Chilean coast. The size of the region is limited by computational cost and we choose

to place it so it covers two Sc regions. Data is for the years 2014-2019 as well as 2021 (chosen to compare between the pre-

and post IMO regulation case).

A1 Retrieval at polluted cloud locations

We find ship polluted clouds in satellite data without relying on a change in cloud droplet effective radii or for the tracks to be20

visible to the eye. For this, we rely on ship positions from the AIS system. As the AIS data itself is proprietary, we reconstruct

ship tracks from hourly emission grids provided by the Finnish Meteorological Institute. These are heatmaps at 0.005�spatial

resolution. Ship position points are found using the trackpy library Allan et al. (2019). These positions, interpolated to 5min

intervals, are then used as input to the HYSPLIT model Stein et al. (2015). The model uses ERA-5 reanalysis data (which

was converted into ARL format) together with the initial position and an assumed emission height of 20 m to simulate the25

location of the advected emissions up to 24 h after emission (this is on the lower end of the emission height of most ships,

but produces the best-matched tracks in visual inspection of test days with visible tracks). Out-of-track retrievals are taken

by using the shape of the advected emissions track, but 30 km to either side of the track. This is done by calculating the

‘direction’ of a track, taken as the vector from start to end, then calculating the orthogonal vector, and then displacing the track

by 30 km in the orthogonal vector’s direction. For a given overpass of the Aqua or Terra satellites, which carry the Moderate30

Resolution Imaging Spectroradiometer (MODIS) Platnick et al. (2003), the positions of the emissions at this time is selected

and collocated to the MODIS Level-2 cloud product MOD/MYD 06, collection 6.1. Nd is obtained following Quaas et al.

(2006) from retrievals of cloud optical thickness and effective radius (see also the derivation to eq. 11 in Grosvenor et al.
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