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ABSTRACT:  

Beaches are both sensitive and critical coastal system components as they: (i) are vulnerable to coastal erosion 

(due to e.g. wave regime changes and the short- and long-term sea level rise) and (ii) form valuable 

ecosystems and economic resources. In order to identify/understand the current and future beach 

morphodynamics, effective monitoring of the beach spatial characteristics (e.g. the shoreline position) at 

adequate spatio-temporal resolutions is required. In this contribution we present the results of a new, 

fully-automated detection method of the (2-D) shoreline positions using high resolution video imaging from a 

Greek island beach (Ammoudara, Crete). A fully-automated feature detection method was developed/used to 

monitor the shoreline position in geo-rectified coastal imagery obtained through a video system set to collect 

10 min videos every daylight hour with a sampling rate of 5 Hz, from which snapshot, time-averaged (TIMEX) 

and variance images (SIGMA) were generated. The developed coastal feature detector is based on a very fast 

algorithm using a localised kernel that progressively grows along the SIGMA or TIMEX digital image, following 

the maximum backscatter intensity along the feature of interest; the detector results were found to compare 

very well with those obtained from a semi-automated ‘manual’ shoreline detection procedure. The automated 

procedure was tested on video imagery obtained from the eastern part of Ammoudara beach in two 5-day 

periods, a low wave energy period (6-10 April 2014) and a high wave energy period (1 -5 November 2014). The 

results showed that, during the high wave energy event, there have been much higher levels of shoreline 

variance which, however, appeared to be similarly unevenly distributed along the shoreline as that related to 

the low wave energy event, Shoreline variance ‘hot spots’ were found to be related to the 

presence/architecture of an offshore submerged shallow beachrock reef, found at a distance of 50-80 m from 

the shoreline. Hydrodynamic observations during the high wave energy period showed (a) that there is very 

significant wave energy attenuation by the offshore reef and (b) the generation of significant longshore and rip 

flows. The study results suggest that the developed methodology can provide a fast, powerful and efficient 

beach monitoring tool, particularly if combined with pertinent hydrodynamic observations.   

 
Introduction  

Beaches, i.e. the low lying shores built on unconsolidated sediments, are not only significant habitats in 

their own right (Defeo and McLachlan, 2013) but also provide dynamic protection from marine inundation to 

the significant transitional ecosystems and valuable coastal assets/infrastructure they front (Nicholls et al., 

2011). At the same time, as tourism has become increasingly synonymous with beach recreational activities 

(‘sun-sea-sand’ tourism, see Phillips and Jones (2006)), beaches have become extremely important economic 

resources. For example, the Mediterranean tourism, which is mainly associated with beaches, is worth more 

than €100 billion per year with about 120 million tourists visiting the Mediterranean coast (EEA, 2012). 

Beaches are also very dynamic environments, being controlled by complex process-response processes 

operating at various spatio-temporal scales (Short and Jackson, 2013). Currently, beaches are under increasing 

erosion/retreat and inundation risk that can be differentiated into (a) long-term erosion, i.e. irreversible 

retreat of the shoreline, due to mean sea level rise (MSLR) and/or negative coastal sedimentary budgets that 

force either beach landward migration or drowning; and (b) short-term erosion, caused by storm 

waves/surges, which may or may not result in permanent shoreline retreats, but can nevertheless be 

devastating (Sherman et al., 2013). The continuing mean sea level rise changes, coupled with potential 

increases in the destructiveness of extreme events, will aggravate the already significant beach erosion, with 
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severe impacts on coastal populations, activities, infrastructure and assets as well as on the beach carrying 

capacity for recreation (McGranahan et al., 2007). Beach erosion appears to be especially alarming for islands, 

as their beaches are particularly vulnerable to erosion due to their (generally) limited dimensions and 

decreasing sediment supply (Velegrakis et al., 2008).  

Effective management of the increasing beach erosion risk requires the diagnosis of the current 

erosion/retreat trends as well as reasonable forecasts of future beach retreat by beach morphodynamic 

modeling (Allenbach et al., 2014). With regard to the former, this should be based upon monitoring of (at 

least) the shoreline positions, with adequate spatio-temporal resolution to describe both their short- and 

long-term variability (e.g. Hapke et al., 2006). Such information is, however, rarely available, as its collection by 

ground surveying requires very significant efforts/costs. At the same time, remotely-sensed information, such 

as aerial and/or satellite imagery, although may provide snapshots of shoreline positions of high spatial 

resolution is also constrained by its limited temporal resolution which may introduce substantial uncertainties 

due to the highly dynamic nature of beach processes. Therefore, it appears that the effective monitoring of the 

beach shoreline position requires the employment of methodologies that are both cost-efficient and able to 

meet the very significant data resolution challenge.  

The present contribution presents the results of a study that employed a new, automated 2-D shoreline 

detection method to (a) efficiently analyse time series of video images from an integrated, ground-based 

coastal video system and (b) record the spatio-temporal variability of the shoreline position of a highly 

developed Cretan beach (Ammoudara, Heraklion, Crete, Fig. 1) during low and high wave energy events. 

Shoreline variability during the high wave energy event has also been related to the nearshore morphology 

and hydrodynamics observed during an integrated field experiment.  

 

The study area 

Ammoudara is a microtidal, predominantly sandy beach, located to the west of the city of Heraklion, Crete 

(Fig. 1). Beach face slopes increase eastwards, whereas the beach landward margin is associated with low sand 

dunes and residential/touristic development. The beach is influenced by wind waves from the northern sector 

and fronted by a submerged beachrock reef with a common width of 10-20 m, located 50-80 m offshore of the 

shoreline (Fig. 1). Since the 1960s, there has been a significant erosion/retreat (up to 60 m in some areas) 

which, however, appears to have been decreasing during the last decade; this has been attributed to falling 

anthropogenic impacts (e.g. termination of sediment abstraction schemes and decreasing rates of coastal 

development) and to the increasingly protective influence of the beachrock reef (Alexandrakis et al., 2013).  

 

 
 

Fig 1. Location of the study area (eastern part of Ammoudara beach, Heraklion Crete) showing also the field of 

vision of the 3 video cameras and the locations of instrument deployments. The offshore beachrock reef is 

delineated by the dark zone parallel to the coast.  

 

Data acquisition and analysis  

Coastal imagery has been provided by a video system consisting of 3, connected to a PC, PointGrey FLEA-2 

cameras, installed on a metallic structure on the seaward roof of the Heraklion Olympic Stadium (Fig. 1); the 

elevation of the Centre of View (COV) of the cameras is about 26 m above the mean sea level. Hourly 10 min 

bursts were obtained during daylight, with image acquisition sampling rates of 5 Hz. Following automated 

pre-processing at the field station PC, the imagery is transferred via an internet link to the lab for final 
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processing. The system has been set to monitor a beach stretch approximately 2400 m long and has been 

operating since 01/11/2012. The images analyzed in the present contribution are from two 5-day periods: a 

low energy period (6-10 April 2014) and a high energy period (1-5 November 2014).  

Coastal video monitoring products used in the present study include: (a) the time-averaged surf zone 

imagery-TIMEX; and (b) the grayscale variance imagery-SIGMA
 
(Plant and Holman, 1997). TIMEX images are 

color images defined on the RGB color model and constitute average images over a series of snapshots 

collected from a stationary field of view; image intensity patterns along a TIMEX image are associated with 

time-averaged (10 min in this case) wave energy dissipation patterns, with high values indicating areas of high 

dissipation, such as the breaking and swash zones. SIGMA images are related to the pixel intensity standard 

deviations along the frames of the 10 min burst image acquisition period; high values record areas of increased 

changes. Image rectification involved the calibration of the cameras’ intrinsic parameters and the translation 

of the cameras’ field of view into natural space coordinates, using a calibration procedure based on regularly 

spaced ‘control’ points (Vousdoukas et al., 2011), collected during specially planned RTK-DGPS topographic 

surveys.  

In order to make the procedure of shoreline detection/recording more efficient, a new automated 2-D 

procedure was developed (Coastal Feature Detector). This procedure is based on the employment of a 

localised kernel that progressively grows along the SIGMA or TIMEX digital image following the maximum 

backscatter intensity along the shoreline. As maximum backscatter intensity is controlled by the continuously 

moving wave foam line, the weighted mean position of the zone of the high backscatter intensity is used as the 

record of the average shoreline position during the 10 min sampling period. The automated procedure is 

extremely fast, processing large numbers of SIGMA/TIMEX mosaics in negligible time and its results were 

found to compare very well with those obtained from a semi-automated manual shoreline detection 

procedure (e.g. Rigos et al., 2014).  

High resolution nearshore bathymetric information collected before the low energy study period is used in 

this study. A dense grid of nearshore cross- and alongshore bathymetric transects was realised, using a single 

beam digital Hi-Target HD 370 echo-sounder and a Differential GPS (Topcon Hipper RTK-DGPS), deployed from 

a shallow draft inflatable boat; several additional bathymetric profiles over the very shallow/outcropping reef 

crests were collected using divers, whereas the closure of the beach survey was achieved using a dense grid of 

onshore/very shallow RTK-DGPS cross- and long-shore topographic transects. In addition, during the high 

energy event (1-5 November 2014), hydrodynamic information was collected using (Fig. 1): (i) an Αcoustic 

Doppler Current Profiler-ADCP Continental deployed at two different locations inshore of the reef, ADCP 1 (at 

1.4 m water depth) to monitor the cross-shore current distribution (cell size 2 m, sampling frequency 1 Hz, 

profile average 60 s, profile interval 120 s and measurement duration 10:30/1/11/2014-12:50/3/11/2014), and 

ADCP 2 (at 1.8 m water depth) to monitor current distribution across a reef opening/inlet (cell size 2 m, 

sampling frequency 1 Hz, profile average 60 s, profile interval 600 s and measurement duration 

13:20/3/11/2014–13:20/4/11/2014); (ii) an Acoustic Doppler Velocimeter ADV –Vector, deployed inshore of 

the reef at 1.4 m water depth, to collect high frequency wave/current information; and (iii) two RBR Infinity 

wave recorders, deployed for the whole period of the experiment offshore (at 10 m water depth) and inshore 

of the reef (at 1.4 m water depth), respectively.  

 

Results and Discussion  

The nearshore bathymetry of the eastern part of Ammoudara beach (Fig. 2(a)) is dominated by the 

beachrock reef that has a highly complex architecture. Its distance from the shoreline varies along the beach 

showing a decreasing trend towards the west, whereas its width increases towards the same direction. The 

water depth above its crest also varies, being in some cases above the mean sea level. There are also reef 

openings, the most significant of which is located about 500 m to the west of the camera station, where the 

second ADCP deployment (ADCP 2) took place (at about x = 1900, see Fig. 2 (a)).  

The results of the automated 2-D shoreline position detection show that the cross-shore shoreline position 

variance is at (overall) significantly higher levels during the high energy period of 1-5 November 2014 (see also 

Fig. 3). With regard to its spatial distribution, there appear to be shoreline sections showing increased 

variability, suggesting a differential response to the hydrodynamic forcing. During both the high and low wave 

energy periods, shoreline position variance increased mostly to the west of the reef inlet found at about x= 

1900 (Figs. 2 and 3). This pattern may suggest that the easternmost part of the beach is less prone to 

short-term shoreline changes, at least, under the northerly winds (mean direction of 355
0
) recorded during the 

study periods. The detrended cross-shore variance plots along the monitored shoreline (Fig. 3(b)) also show 

that, during both the low and high wave energy events, shoreline variability was higher immediately behind 

and to the west of the beachrock reef opening/inlet.  



Third International Conference on Remote Sensing and Geoinformation of the Environment 2015, 16-19 March 2015, Cyprus 

 4

During the high energy event, wind direction was from the north (355
0
). Substantial offshore waves  were 

recorded at 10 m water depth, with an average (for the whole period) significant wave height Hs of 0.9 m and 

period Tp 5.6 s, respectively. Inshore of the reef (at 1.4 water depth), however, the significant wave height and 

period of the reconstructed waves (following breaking on the reef) was reduced to 0.4 m and 4.1 s, 

respectively, having a direction almost perpendicular to the coastline (mean direction of 172
0
); spectral 

analysis of the wave height time series suggests a significant wave energy transfer to infragravity frequencies 

(of about 14 s period) inshore of the reef. It must be noted that wave energy inputs varied significantly during 

the observation period. In the beginning (1/11/2014) the significant height and period of the offshore and 

inshore waves were 1.0 m and 5.8 s and 0.5 m and 4.4 s, respectively. Wave energy increased the following 

day, with the above offshore and inshore wave parameters becoming 1.2 m and 6.0 s and 0.5 m and 4.6 s 

respectively. Following this peak, wave energy progressively decreased, showing offshore and inshore wave 

heights and periods of 0.5 m and 4.9 s and 0.3 m and 3.5 s, respectively, at the end of the observation period.  

 

 
 

Fig. 2. Nearshore bathymetry of the eastern Ammoudara beach, showing also the location and measurement 

fields of the horizontal ADCP deployments (ADCP 1 and ADCP 2) (a). Geo-referenced mosaics of TIMEX images 

from Cameras 1, 2 and 3 from the low energy ((b), 6-10 April 2014) and high energy ((c) 1-5 November 2014) 

study periods; the shoreline variance (STD
2
) during the two periods (from all hourly TIMEX images recorded) is 

also shown as a red line (cross-shore shoreline variance out of scale, raised to the fourth power to highlight 

hot spots of variability). Mean and maximum currents recorded during the ADCP1 (e) and ADCP2 (d) 

deployments are also shown.  

 

Current profiling recordings provided also interesting information. During the first deployment (ADCP 1, 

1-3/11/2014), very significant nearshore currents have been recorded. At distances between about 50 and 30 

m from the shoreline, shoreward flows have been detected, suggesting a shoreward water mass transfer over 

the reef (Fig. 2(e)). Closer to the shoreline (at a distance less than about 30 m), however, the flow 

progressively veered to the west to become almost parallel to the coastline. Although the deployment period 

current means were of the order of up to 0.5 ms
-1

, maximum currents reached speeds in excess of 2 ms
-1

. Such 

nearshore currents are certainly able to mobilize/transport downstream (to the west) the shallow seabed 

sediments (d50 about 2.3 mm) (Paphitis et al., 2001). It is, therefore, interesting to observe that such high 

levels of nearshore flows appear to have only modest effects on the shoreline position of the adjacent 

shoreline (shoreline position cross-shore variance of about 0.8 m
2
, see Fig. 3(a)). It would be expected that the 

erosion and westward transport of the shallow/lower beach face seabed sediments would result into 

significant upper beach face sediment ‘draw-downs’ and ultimately to greater local shoreline retreats and, 

thus, greater variance; it appears that additional beach morphodynamic controls should be in place, such as 
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bed armoring or limitations concerning the thickness of the available to transport sediments (e.g. Vousdoukas 

et a al., 2012). 

Flows through the beachrock inlet were observed during the second ADCP deployment (ADCP 2, 

3-4/11/2014). The records show significant offshore flows through the inlet (Fig. 2(d)) which in its central axis 

reached mean speeds of about 0.4 ms
-1

 and maximum speeds in excess of 0.6 ms
-1

. Although this rip current 

was recorded during the later, less energetic part of the event, such flows suggest that this particular inlet 

drains the excess nearshore water (set-up) piled inshore of the reef during the high energy event (the mean 

sea level was observed to increase inshore of the reef (at 1.4 m water depth) by up to 0.15 m during the 

event); it may also be a significant conduit for the offshore transport of beach sediments. It is again interesting 

to note that although the adjacent shoreline to the east of the beachrock inlet has shown limited shoreline 

variance, the shoreline immediately behind and particularly to the west of the inlet was shown to have the 

highest variability during the observation period. 

 

 
 

Fig. 3. Alongshore distribution of the cross-shore variance of the shoreline position: (a) ‘raw’ time series and 

(b) detrended time series that suppress the (alongshore) range dependance of the spatial resolution of the 

optical system (Vousdoukas et al. 2011). Pixel size = 0.5 m.  

 

The analysis of all collected optical and other field information suggests that the offshore beachrock reef 

controls the Ammoudara beach morphodynamics and shoreline position (see also Alexandrakis et al., 2013). It 

appears that the reef provides substantial protection to the shoreline as: (i) it reduces significantly the wave 

energy levels close to the shoreline and constrains rip current positioning; and (ii) the alongshore patterns of 

the shoreline cross-shore variance do not appear to be decidedly controlled by the wave energy levels and 

direction (Fig. 3(b)).  

The employed 2-D shoreline (detector has shown that can provide a fast, powerful and efficient analytical 

tool of coastal video imagery, particularly suitable to analyse large time series of optical imagery. Future tests 

concerning different beaches for which similar video optical data are available, longer optical time series as 

well as other features observed in the coastal video monitoring products (e.g. the offshore breaking zone) can 

further expand the scope/extent of its application. It appears that such low-cost, efficient and reasonably 

accurate coastal monitoring methods can provide adequate answers to the data resolution challenge that 

impedes the diagnosis of the beach erosion/retreat trends.  

Coastal zone sustainability requires the monitoring of varied environmental and socio-economic 

information and robust assessments of the coastal erosion risk. Beaches are both critical and sensitive 

constituents of the coastal system, and the manner with which we will address their (already) substantial 

erosion problem will define the future resilience of the entire coastal zone. This issue has been recognised by 

the international community, leading to e.g. the development of relevant international regulatory instruments. 

For example, the ICZM Protocol to the Barcelona Convention identifies coastal erosion as a critical problem for 

the Mediterranean, prescribing the introduction of suitable mitigating/adaptative procedures (Art. 8(2) and 

Art. 23, ICZM Protocol, 2009). It is obvious that the design/implementation of such procedures should be 

based on the introduction of efficient shoreline monitoring methodologies that will reduce uncertainties in the 

diagnosis of the shoreline erosion/retreat trends.  

 

Conclusions  

This contribution presents the results of a new, fully-automated detection method of the (2-D) shoreline 

positions using high resolution video imaging from a Greek island beach (Ammoudara, Crete). A 

fully-automated feature detection method was developed/used to monitor the shoreline positions in 

geo-rectified coastal imagery The developed detector was shown to be very fast and its results compare very 
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well with those obtained from a ‘semi-automated ‘manual’ shoreline detection procedure. The procedure tests 

on video imagery obtained during two 5-day periods showed much higher levels of shoreline variance during 

the high wave energy event. Shoreline variance ‘hot spots’ were found in both periods, which is probably 

associated to the presence/architecture of an offshore submerged shallow beachrock reef, found at 50-80 m 

distance from the shoreline. The results of this study suggest that the developed methodology can provide a 

fast, powerful and efficient analytical tool of coastal video imagery.  
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