Reply Comment #1 — Noam Vogt-Vincent

We would like to thank Noam Vogt-Vincent for going through our manuscript in so much detail. We
in particular liked the suggestion made for improving our sensitivity study to initial distributions
using a different type of noise: these new results are a nice addition to our manuscript. Our
response to each individual comment can be found below.

Using only half the number of particles, we arrive at the same conclusions as presented in the
manuscript, indicating that the number of particles used leads to statistically sound results. We have
the hypothesis that the ‘noisy’ off-diagonal cells are a result of the beaching parameterization used,
not the limited number of particles. To decrease this ‘noisiness’, one could decide to produce a
multitude of transition matrices that are every time slightly different due to the beaching
parameterization and then take a mean. It is however questionable whether this is the right or
realistic thing to do, as improving the underlying macroplastic flow model (e.g. improved
parameterizations as highlighted by Moulton et al., 2023, taking into account more relevant
(atmospheric) processes) will probably lead to more applicable results.
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Figure 1 The transition matrix (left) in the original manuscript and (right) using only half the number of particles. We
repeated all analysis with the transition matrix on the right hand-side and all results and conclusions do not significantly

change.



We agree that the wording we used is confusing and we’ve rephrased the sentence in the revised
manuscript. Instead of '‘accumulate at the target cleanup node' we changed the text to say: 'After
every iteration, the incoming particles at the target cleanup node are removed from the system until
a steady state is reached, which provides a means to quantify the cleanup impact.’

There are indeed three parameters that could be used to find steady state; the number of particles
on land ( Y vt ), in the ocean and the total number of particles removed. The procedure used to
define steady state will give different results depending on which of these parameters is used, in
particular when a larger fraction of the coastline is cleaned (see Fig. 2 below). Although the number
of iterations needed for reaching steady state change, the main conclusions derived from this figure
do not change. We do agree that using the total number of particles on land (vt) to define steady
state is more intuitive and have changed Fig. 4 and 5 accordingly in the manuscript.
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Figure 2 Steady state analysis.



Yes, this is exactly what we mean. If there would have been zero connectivity, this would imply that
all resuspended plastic is lost to the open ocean and does not beach at another location within the
marine reserve. Therefore, when one would clean e.g. 30% of the coastline, you would also remove
30% of the pollution at the first iteration (assuming again that the pollution is uniformly distributed
along the coastlines). Every iteration following you will clean 0%, as there is no 'new' plastic arriving
from other locations. When there is connectivity between regions, you will not only be cleaning the
'local’ pollution but also the pollution that is arriving from other locations. We have defined the
'benefit' metric to quantify this additional cleaning impact one can have due to the connectivity
between different locations. We've adjusted the explanation in the manuscript to read:

‘The benefit metric indicates the difference (in %) between the total number of particles removed
and the number of particles removed if all non-removed particles were directly lost to the ocean
after the first iteration.’

This is a good suggestion and we’ve repeated the analysis with a random initial distribution using
different correlation length scales within the range of observed spatial scales of marine debris
distributions in the ocean (order of 1-10 km, e.g. Kaandorp et al., 2020). We've decided to add the
results as a second panel to our previous random initial distribution test, as both sensitivity studies
provide different insight (see Fig. 3 below). The former sensitivity test, based on a completely
random initial distribution, shows that with an increased fraction of coastline being polluted, using
centrality rankings for cleanup efforts becomes more promising. The new sensitivity test, where the
initial distribution is correlated across a spatial scale larger than the grid size of the nodes, shows
that using the centrality ranking for cleanup efforts is almost always more successful than knowing
where most pollution is located. Important to note here is that this is true as long as the cleanup
resources are limited (<10% cleanup effort).
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Figure 3 The difference between the total removed particle mass when using the SSisink centrality and the total removed
particle mass if the initial distribution of particles is known. The difference is plotted as (a) a function of how clean the
coastline is initially (in %) using a purely random distributed particle weight and (b) a function of the correlation spatial
scale used to initialize the random initial distributed particle weight. For both calculations, a cleanup effort of 10% is
applied and each calculation is repeated 500 times. Outliers are shown with diamond markers.

This is also a valid point. There is a strong seasonal dependence in the flow fields within the marine
reserve, so we would expect the results to change (which locations to target) when using for
example monthly transition matrices. However, as soon as you start using these you will 're-
introduce' the time dimension, which means you also have to start making choices related to
resuspension time scales and the frequency of cleanups. We agree that this is outside the scope of
this paper, but it is definitely an interesting next step to consider in addition to investigating the
implicit connectivity method raised by reviewer #2 and have added these suggestions to the
discussion and outlook section of our manuscript.
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