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Introduction
The following document supports the main manuscript, providing additional information on the methodology and results. 
Section S1 presents the 8 study sites, including the location of the cross-shore transects that are used to estimate the beach-face slope. 
In Section S2, the traditional Fourier Transform is compared to the Lomb-Scargle transform, by applying both algorithms to evenly/unevenly-sampled periodic signals. 
Section S3 details the effect of sampling period on the power spectrum density resulting from a sub-sampled tidal signal.
Section S4 outlines the methodology employed to simulate synthetic time-series of shoreline change with specified beach-face slope and tidal range.
Finally, Section S5 compares the satellite-derived beach-face slopes estimates with values obtained from the empirical relationship between beach-face slope and sediment size derived in Bujan et al. 2019.
S1: Geographical location of the 8 study sites
[image: ]Figure S1. World map showing the geographical location of the 8 study sites, from left to right: Slapton Sands (UK), Cable Beach (Australia), Narrabeen-Collaroy (Australia), Moruya and Pedro beaches (Australia), Tairua (New Zealand), Torrey Pines (California, USA), Ensenada (Mexico), Duck (North Carolina, USA). At each site, the shore-normal transects considered in this study are indicated (red).








S2: Fast Fourier transform and Lomb-Scargle transform
In this section, a comparison between the traditional Fourier transform and the Lomb-Scargle transform (VanderPlas, 2018) is conducted using evenly and unevenly sampled tidal signals. Figure S2a illustrates that when using evenly sampled data (sampling period Δt = 1 hour), both the Fast Fourier transform (Figure S2c) and the Lomb-Scargle transform (Figure S2e) produce identical Power Density Spectrums (PSD). However, when 30% of the data is randomly dropped (Figure S2b), making the time-series unevenly sampled, the Lomb-Scargle transform is still capable of effectively capturing the diurnal and semi-diurnal cycles present in the time-series while the Fast Fourier transform completely fails.
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Figure S2. Spectral decomposition of evenly and unevenly sampled signals with the Fast Fourier and the Lomb-Scargle transforms. The hourly time-series series of tide levels in a) are transformed to frequency-domain using both the Lomb-Scargle and the Fast Fourier transforms, respectively in subplots c) and e). When using the evenly sampled time-series both methods produce identical Power Density Spectrums (PSD) – diurnal and semi-diurnal peaks. In subplot b) 30% of the tide data was randomly dropped to make the time-series unevenly sampled. The resulting Lomb-Scargle and Fast Fourier transforms are depicted in subplots d) and f). While the Lomb-Scargle transform effectively captures the diurnal and semi-diurnal energy in the unevenly sampled tide levels, the Fast Fourier transform completely fails as it is not applicable to unevenly sampled data.   






S3. Frequency-domain decomposition of a sub-sampled tidal signal
This section describes how a tidal signal can be decomposed in the frequency-domain and how the sampling frequency can affect the tidal constituents that are identified. Tidal signals can be decomposed into constituents, which can be grouped into three classes based on their frequency (Parker, 2007):

· Semi-diurnal species (e.g., M2, S2, N2)
· Diurnal species (e.g., O1, K1)
· Long period species (e.g., spring-neap cycle at 14.76 days, Sa solar annual at 365.26 days)

Figure S3-1a depicts a 20-year time-series of tide levels at Narrabeen-Collaroy (SE Australia) obtained from the FES2014 tide model. These time-series were sub-sampled using different sampling periods – 1 hour, 1 day, 5 days and 8 days – and the resulting Power Spectrum Density (PSD) for each case is presented in Figures S3-1b to S3-1e. The semi-diurnal and diurnal components appear in the spectrogram when using a sampling period of 1 hour as shown in Figure S3-1b. However, when the sampling period is increased to 1 day the semi-diurnal and diurnal components can no longer be identified. In fact, the highest frequency for which energy can be calculated in the frequency domain is determined by the Nyquist limit (equal to twice the sampling period). Therefore, when sampling at daily intervals only periodic signals with a minimum period of 2 days can be fully identified. Figure S3-1c depicts the PSD for a sampling period of 1 day and two peaks appear at frequencies corresponding to long period tidal constituents – the spring-neap cycle at 14.8 days and the annual cycle (Sa) at 365.2 days. However, when the sampling period is set to 8 days (Figure S3-1e), which corresponds to the Landsat revisit period, the Nyquist limit becomes 16 days and the 14.8 days peak is replaced by a 17.5 days peak.  
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Figure S3-1. Illustration of the effect of sampling rate (Δt) on the Power Spectrum Density (PSD) of the tide time-series at Narrabeen-Collaroy (Australia). The time-series of tide levels depicted in a) are sub-sampled at intervals of 1 hour in b), 1 day in c), 5 days in d) and 8 days in e). At a sampling period of 8 days, which corresponds to the Landsat revisit period, two main peaks are present in the PSD at 17.5 and 365.2 days.

To investigate the source of this new 17.5 days peak, which does not match any long period tidal constituent, the PSD obtained in Figure S3-1e (Δt = 8days) was extended beyond the Nyquist limit as illustrated in Figure S3-2. This figure reveals that the peaks located beyond the Nyquist limit of 16 days are a mirror image of the lower frequency peaks and – in particular, the 17.5 days peak folds into the 14.8 days peak (the Nyquist frequency is also called the folding frequency). Thus, it can be concluded that the energy located at 17.5 days results from the aliasing of the 14.8 days spring-neap tidal cycle.
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Figure S3-2. Power Spectrum Density (PSD) of the tide time-series in Figure S2a sub-sampled every 8 days. The frequency domain was extended beyond the Nyquist limit, resulting in an aliasing or folding of the PSD, where the 17.5 days peak folds into the 14.8 days peak, which corresponds to the spring-neap tidal cycle.


S4. Synthetic time-series of shoreline change
To identify the range of tidal regimes and beach slopes over which the satellite-derived method is applicable, synthetic time-series of shoreline change were generated on a planar beach with pre-defined beach-face slope and tidal range. The steps below outline how the synthetic time-series of shoreline change were generated for each combination of beach-face slope and tidal range: 
· Generate 20 years of hourly tide levels with a pre-defined tidal range
· Sub-sample the tide time-series with a sampling period of 8 days (like satellites)
· Randomly drop 25% of the data to simulate the effect of clouds
· Convert the tide levels to horizontal excursion using a pre-defined beach-face slope: 
· Add a 40m seasonal variation and a white-noise term with a 10 m standard deviation:
	     ,   where 
Following these steps, synthetic time-series of cross-shore change were generated by varying the tidal range from 0.5 to 9 m with 0.5 m increments and the beach-face slope from 0.01 to 0.2 with 0.01 increments. For each combination of tidal range and beach slope, 100 different time-series were randomly generated and ran through the beach slope estimation algorithm. To quantify the accuracy of the resulting 100 beach-face slope estimates (), the Normalised Mean Absolute Error (NMAE) was calculated as for each combination of tidal range and beach-face slope as follows: 

S5. Empirical slope-grain size relationship vs satellite-derived slopes
The empirical relationship between beach-face slope and grain size (D50) is described in by Bujan et al. (2019) with the following equation:
					(2)
where a = -0.154, b = -0.145, c = 0.268, and D50 is expressed in mm.
In this section, the beach-face slope values obtained with Eq. (2) based on site-specific D50 values are compared to the satellite-derived beach-face slope estimates. Table S5 reports the D50 value, the calculated slope with Eq. (2) and the average in situ beach-face slope at each site. In Figure S5, a 1:1 plot illustrates the comparison between Eq. (2) and the satellite-derived technique. This analysis reveals that, for the eight sites tested, the satellite-derived technique does significantly better at estimating the beach-face slope than the most up to date slope-grain size empirical relationship (respective R2 of 0.93 and 0.6). 
Table S5. Empirical calculation of the beach-face slope as a function of the grain size (D50).
	Site
	D50 [mm]
	
	In situ average beach slope

	Slapton Sands UK
	6
	0.15
	0.14

	Tairua NZ
	0.6
	0.10
	0.13

	Duck USA
	0.3
	0.07
	0.1

	Narrabeen AUS
	0.3
	0.07
	0.09

	Moruya/Pedro AUS
	0.35
	0.08
	0.08

	Torrey Pines USA
	0.23
	0.05
	0.04

	Ensenada MEX
	0.25
	0.06
	0.03

	Cable Beach AUS
	0.135
	-0.03
	0.025
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Figure S5. Comparison between the in situ measurements of the beach-face slope (x-axis) and the beach-face slopes estimated with the satellite-derived method (blue) and the empirical relationship in Eq. (2) (red). For each method the error statistics are shown in the figure.
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