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beach is one of the longest continually monitored 
beaches in the world [12]. With surveys 
commencing in 1976, the modern RTK-GPS survey 
program is coordinated by the UNSW Water 
Research Laboratory (WRL) and records monthly 
cross-shore beach profiles along five transects to an 
approximate vertical accuracy of ± 3cm [4]. For the 
purpose of this validation study, WRL survey data 
was utilised for the study period from July 2016 - 
May 2020 encompassing 77 individual survey 
dates. For comparison with PlanetScope (PS) 
derived shoreline data, in-situ shoreline position 
was defined as the 0.7m AHD elevation contour 
(approximating local Mean High Water Springs). For 
a full description of the Narrabeen study site the 
reader is referred to Turner et al. [13]. 
 
2.2 PlanetScope Data  
2.2.1 PlanetScope images 
To investigate the suitability of PS imagery for 
routine shoreline monitoring, all available Analytic 
Ortho Scenes up to May 2020 with a cloud cover 
<10% were downloaded for Narrabeen beach.  This 
cloud cover percentage was found to remove most 
of the un-useable cloud impacted scenes while 
allowing for manual filtering to determine the 
suitability of partially cloud impacted scenes. To 
minimise the impact of shading from buildings and 
trees on shoreline detection on the east facing study 
site, images with a timestamp later than noon local 
time were discarded. As such, 479 image scenes 
satisfying the cloud cover and timestamp criteria 
were downloaded spanning 364 unique dates. 
Manual checking of the images resulted in the 
removal of 20 additional images due to clear visual 
errors. Of these errors, 8 were associated with cloud 
shadows, 12 with partial cloud cover and 7 with PS 
data issues. Most of these errors were not detected 
in the PS provided Unusable Data Mask (UDM). As 
a sun-synchronous constellation orbit, many images 
occurred within an hour of the median Narrabeen 
local solar image timestamp of ~9:30am. With a 
near-daily image recurrence, it was found that the 
filtered subset of available images with <10% cloud 
cover had a median image return period of 2 days. 
 
2.2.2 Image pre-processing 
Derived from raw sensor data captured at an 
average ground sample resolution of 3.7m, the 4-
band multispectral Analytic Ortho Scene product 
was deemed most suitable for shoreline mapping. 
During the orthorectification process, pixel size is 
resampled down to 3m. Composed of Red, Green, 
Blue and Near Infra-Red (NiR) bands, image pixel 
data is provided as Digital Number (DN) values 
which correspond to at-sensor detected radiance. 
To reduce scene-to-scene variability and enable 
direct comparison between images [1], DN values 
were converted to Top of Atmosphere (TOA) 
reflectance via PS provided conversion factors. 
 

2.2.3 Shoreline extraction 
This paper will present one set of methods tested 
for shoreline extraction using the PlanetScope data. 
Additional methods are discussed in [2]. With each 
image composed of a Red, Green, Blue and NiR 
colour band, individual bands may be extracted and 
manipulated to contrast the sand/water interface. As 
each pixel in each colour band is comprised of a 
numeric TOA reflectance, simple arithmetic may be 
performed between bands for each pixel resulting in 
a single band greyscale image. For the purpose of 
water delineation this resultant image is referred to 
as a water index (Figure 1). 
 

 
Figure 1. Shoreline sand/water contouring based on 
optimal threshold value (a) PlanetScope satellite image 
with superimposed derived shoreline (b) Colourised 
greyscale (single band) water index image highlighting 
pixel value variation and optimal threshold shoreline 
value.  

 
Specifically utilising the high absorption of red and 
NIR wavelengths by water and the high reflectance 
of blue wavelengths by sand, this paper uses a NIR-
Blue index to determine a suitable sand/water 
interface: 

NmB = NIR − Blue (1) 
 
From the resultant greyscale water index image, a 
weighted peak (WP) pixel value thresholding 
algorithm is utilised to determine a suitable 
boundary between sand and water: 
 

NIndexOpt =  x�water +  0.7(x�sand − x�water) (2) 
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where 𝑥𝑥�𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤𝑤 and 𝑥𝑥�𝑠𝑠𝑤𝑤𝑠𝑠𝑠𝑠 correspond to peak (mode) 
water and sand class PDF histogram values, 
respectively. 
 
A contouring algorithm is then employed to extract 
the shoreline for each scene (Figure 1) before 
corrections are made for water level variations 
based on a generic intertidal beach slope.  
 
The instantaneous boundary between sand and 
water pixels in the satellite-derived shoreline is 
highly dependent on local water level conditions. 
With each image nominally captured around 
9:30am each day and therefore various stages of 
the tidal cycle, water level variability must be 
considered for comparison between image dates, 
and against alternate methods of shoreline 
monitoring. Following the method of tidal correction 
outlined by Vos et al. (2019a), shorelines were 
transposed to the 0.7m elevation contour to match 
the shoreline definition used in the WRL Narrabeen 
profile survey data. By matching each image 
timestamp with the corresponding local water level, 
shorelines are transposed horizontally by means of 
a generalised intertidal beach slope (m = 0.1 for 
Narrabeen):  
 

Δ𝑥𝑥 =
𝑧𝑧𝑤𝑤𝑤𝑤𝑟𝑟 − 𝑧𝑧𝑤𝑤𝑤𝑤

𝑚𝑚
 (3) 

 
where zref is the desired elevation contour (0.7m for 
Narrabeen) and zwl the instantaneous water level 
(assumed constant alongshore).  For this study, 
water level is defined as the combination of 
astronomical tide and wave setup relative to mean 
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4. Example Application: Wamberal, NSW  
A severe weather event impacted the NSW 
coastline between the 14th and 19th 
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