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Long-term coastal monitoring is essential in the study of effects of climate change on urban sandy beaches.
Slow processes such as gradual erosion or accretion due to aeolian sand transport are difficult to observe and
quantify with incidental in-situ or remote sensing methods, such as satellite observations or airborne laser scan-
ning. Permanent laser scanning (PLS), a laser scanner installed long term on a fixed location and scanning in
regular intervals (hourly), provides a unique opportunity to monitor and analyse these processes.

As an example for a typical urban beach in the Netherlands, the location on the beach in Noordwijk is studied
for a period of three years (see Figure 1). Hourly scans with a Riegl VZ-2000 laser scanner provide a large 4D
spatio-temporal data set (Vos, 2023) providing the opportunity for an in-depth case study.

Figure 2 shows ten example time series located on the upper beach (indicated in Figure 1 with a red bar) over
the entire observation period of nearly three years. As indicated with the arrows in Figure 2, possible causes for
gaps or change points in time series can be caused by failing of the instrument, heavy storms or unusual high
tides among others. Instead of manually analysing time series, we automatically segment the time series at each
change point or gap and classify each part independently using multiple hypothesis testing (Chang, 2016).
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Figure 1: Overview of study site with aerial image (© Googlemaps) and point cloud of the beach area colored according
to elevation. Two test areas are marked with red squares and the location of the time series in Figure 2 are indicated with
a red bar.
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With the help of multiple hypothesis testing, each segment of elevation time series from the PLS data set is
tested for the most likely statistical model: no statistical change, step function (indicating a missing change
point) or linear change, which yields a slope estimate. The slope estimates allow to identify especially slow
moving, gradual changes at levels of millimetre per day. We then classify all identified sudden and gradual
changes considering the estimated parameters, according to their most likely cause: anthropogenic, aeolian,
tidal, storm induced or other. Other possible causes include errors in the observation data set or processing or
human objects such as boats or tents placed in the observation area.

In this way we provide a method to identify and quantify processes such as aeolian sand transport or human
activities, which play a vital part in coastal evolution and management.
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Figure 2. Three year time series of elevation values at 10 locations across the beach. Some events are marked with red
arrows and the ellipse shows a period of gradual change that can most likely be attributed to aeolian sand transport.
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