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1. INTRODUCTION 

The present report refers to the activities performed under Task 3 of the EVREST project, regarding 

the mapping of coastlines and boundaries of distinct geomorphological units in Ria Formosa, based on 

the raster datasets collected. The geomorphological evolution is analysed based on linear regression 

rates of the digitised boundaries and on the long and short-term temporal evolution of the selected 

geomorphological units and transects along the barrier.  

The three geomorphological units include: 

Á Barrier: corresponds to the wave dominated part of the barrier 

Á Dune: corresponds to the wind dominated part of the barrier 

Á Marsh: corresponds to the tide dominated part of the backbarrier 

The boundaries of the geomorphological units digitised include: 

Á Ocean-side: 

Ā Wet-dry line: corresponds to the Mean Water Level (MWL) at the time of the flight 

Ā Debris line: corresponds to the Mean High Water Level (MHWL) at the time of the 

flight 

Ā Dune line: corresponds to the foredune foot (edge of dune vegetation) and to ca. the 

Mean Highest High Water Level (MHHWL) 

Á Lagoon-side: 

Ā Backbarrier line: corresponds to the MHWL in the lagoon side 

Ā Marsh edge: corresponds to the limit between marsh vegetation and tidal flat (ca. 

MWL) 

The analysis is performed on all the barriers of Ria Formosa. A map of the study area, showing the 

location of the 7 barriers and the 6 inlets (current configuration) is given in Figure 1. 

 

Figure 1: The Ria Formosa barrier island system; the location of the Faro buoy and the Santa Maria Cape are 
noted on the map, as well as the names of islands, peninsulas, inlets and the division of Armona to W and E. 
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2. DATA AND METHODS 

2.1 Data availability and spatial-temporal coverage  

The basis for the digitisation process is the raster datasets collected and processed under Task 1 (Data 

collection and GIS integration). More on the data processing can be found in the related report 

(Kombiadou & Matias, 2017).  

The coverage of the seven barriers of Ria Formosa (Figure 1) in the available aerial photography is 

given in Table 1. Given that the evolution of Cabanas Island and Cacela Peninsula is interlinked, there 

barriers are referred to in a joined manner, as the Cabanas-Cacela subsystem. The boundaries of the 

selected geomorphological units were mapped in all the available imagery. 

Table 1: Barrier coverage from the compiled raster dataset. 

year Ancão Barreta Culatra Armona Tavira 
Cabanas-
Cacela 

2014 full full full full full full 

2009 full full full full none none 

2008 full full full full full full 

2005 full full full full full full 

2002 full full full full full full 

2001 full full full full full full 

2000 none full full full full none 

1999 full full full full full none 

1996 full full full full full full 

1989 full full full partial full full 

1986 none partial partial none partial full 

1985 full full full full full full 

1980 full full full full full full 

1976 full full full full full full 

1972 full full full full full partial 

1969 partial none partial full full partial 

1958 full full full full full full 

1952 full full full full full full 

1947 full full full full full full 

 

2.2 Shoreline mapping criteria 

The criteria used for the visual identification of the boundaries between geomorphological units in the 

raster datasets are summarised in Table 2. The boundary lines were mapped using all the available 

raster datasets and using a common geographical system (GCS Datum 73 IGeoE).  
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Table 2: Criteria used for the visual identification and digitisation of the boundary lines in the ocean and the 
lagoon side, along with examples for colour (left) and grayscale photos (right). 

O
ce

a
n-
si

d
e

 b
o

u
n

d
a

ry
 li

n
e

s 

Wet-Dry Dune Debris 

Sand colour transition from 

dark to clear 

Edge of dune vegetation If debris present, the upper 

limit of debris, if not, the beach 

scarp.  

 

L
a

g
o

o
n-
si

d
e

  

Backbarrier Marsh edge 

If vegetated, transition to bushy (more rugose, 

darker) vegetation, if not, dune limit or debris 

line. 

Transition to tidal flat: if vegetated, boundary 

between emergent and submerged vegetation 

(colour, texture), if not, edge of tidal channel. 

 

 

An example of the digitised wet-dry and backbarrier lines, in the ocean and lagoon side respectively, 

for Culatra Island is given in Figure 2. The transition from the oldest to the most recent flights (1947 

to 2014) is denoted with a colour transition of blue-green-yellow-red, as shown in the figure legend. 
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Figure 2: Example of the digitised ocean-side shoreline (wet-dry) and the lagoon-side backbarrier line for 
Culatra Island and all the available flights (colour coding is denoted on the legend). 

2.3 Shoreline analysis  

2.3.1 Spatio-temporal scales 

The lines were analysed in terms of long-term (multi-decadal) and short-term (years to decades) 

evolution, as well as for each barrier as a whole and examining the evolution of distinct areas of the 

barrier that exhibit similar development. To that aim, two rates of change were quantified: 

Ā Linear regression rates: correspond to the rates of change of each boundary line with time 

(defined in m/yr). 

Ā Barrier areas: correspond to the total area of each geomorphological unit analysed ƻǊ ƛǘǎΩ 

relative changes in time (defined in m2 or m2/yr). 

2.3.2 Shoreline regression rates 

The assessment of shoreline regression rates was performed using the Digital Shoreline Analysis 

(DSAS) tool (Thieler, Himmelstoss, Zichichi, & Ergul, 2009). The tool defines the shoreline changes 

along transects that are cast perpendicular to a reference baseline (user-defined spacing between 

transects and position and morphology of the baseline). An example for the morphology of the 

baseline and transects used by DSAS for the dune line of Ancão, as well as the calculation of temporal 

evolution of shoreline position changes with time by the position of intersection with the transects, is 

shown in Figure 3.  
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Figure 3: Indicative representation of the baseline and transects used for the determination of shoreline 
regression rates; the boundary lines shown correspond to the Ancão dune line and the magnified area (in pink 
dashed rectangle) shows the intersection of transects and shorelines used as measurement locations by DSAS. 

The metrics, calculated by DSAS, and provided as output include: 

Distance measurements: 

Á Shoreline Change Envelope 

Á Net Shoreline Movement  

Statistics: 

Á End Point Rate 

Á Least Squares Regression 

Á Weighted Least Squares Regression 

Á Supplemental statistics for Least and Weighted regression 

Á Confidence Interval 

Á Standard Error 

Á R-squared 

The analysis performed within EVREST is based on Weighted Least Squares Regression and the 

calculation of Weighted Linear Regression (WLR) rates. The WLR is similar to the Linear Regression 

Rate (LRR), however, the regression process adds more weight towards data with greater certainty, 

thereby weighting the change rate toward more accurate shoreline positions (Terrano, Flocks, & 

Smith, 2016).  

To perform a weighted least squares regression, the uncertainty associated with each shoreline needs 

to be quantified. The process used for the assessment of uncertainty values is described in the 

following subsection.  

2.3.3 Uncertainty assessment of boundary lines 

The total shoreline position error can be assessed as the sum of squares of all measurement errors, 

which, in a general form, can be written as (Morton, Miller, & Moore, 2004): 

% Ὁ Ὁ Ὁ Ὁ Ὁ  [1] 

These errors include the rectification error (Er), the digitizing error (Ed), the T-sheet survey error (Et), 

the shoreline proxy offset (Eo) and the Lidar position error (El). From these errors, Et pertains only to 
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the T-survey related shorelines, Eo refers to maximum horizontal offset between high-water and mean 

high-water shorelines in the Southeast Atlantic region (pertains only to Lidar-derived shorelines) and 

El is the maximum error associated with the derivation of a Lidar shoreline. Therefore, these three 

errors do not pertain for the case of shorelines derived from digitisation on aerial photographs and 

equation 1 can be simplified to: 

% Ὁ Ὁ  [2] 

The rectification error (Er) was taken equal to the accumulated RMSE, that corresponds the total error 

associated with the backwards-in-time georeferencing process (Kombiadou & Matias, 2017). The 

digitizing error (Ed) refers to the error associated with the shoreline mapping process; it was taken 

equal to four times the raster cell size, after Jabaloy-Sánchez et al. (2014), who ascertain that:  

"Assuming that orthophotographs present an integrated error lower than pixel resolution (1 
m), coastlines obtained through digitalization will present errors in the range of 4ς8 m (pixel 
neighbourhood) since the digitalization process was made at a scale larger than the pixel 
display resolution." 

Therefore, the uncertainty of each boundary line was calculated as the sum of squares of the 

accumulated RMSE and of the quadruple of the raster cell size. Based on this analysis, the uncertainty 

related with each flight and each barrier is shown in Figure 4. It is noted that flights from 2002 onwards 

are orthophotographs and, thus, the uncertainty depends only on the digitizing error; this is why the 

uncertainty is uniform for all barriers, given that it depends only on the image cell size. 

 

Figure 4: Uncertainty values for all flights and barriers. 
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2.4 Assessment of Geomorphological UnitǎΩ Area 

The digitised boundaries were used to define polygons for the three geomorphological units under 

analysis, aiming at calculating the area of each polygon. More specifically, the following polygons were 

defined: 

Á Barrier Island - wave dominated part of the barrier: delimited by the debris line in the ocean-

side and the backbarrier line in the lagoon-side. Both limits correspond to the same water 

level (ca. MHWL). 

Á Dune - wind dominated part of the barrier: delimited by the dune line in the ocean-side and 

the backbarrier line in the lagoon-side. The limits correspond to the approximately same 

water level (ca. MHHWL). 

Á Marsh: - tide dominated part of the backbarrier: delimited by the backbarrier line and the 

marsh edge line (both in the lagoon-side). These limits correspond to the area between MWL 

and MHWL. 

It is noted that only the flights with full coverage of the barrier were used for the analysis of the area 

of geomorphological units.  
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3. MULTI-DECADAL WEIGHTED LINEAR REGRESSION (WLR) RATES 

The results of the weighted linear regression analysis, calculated for the entire study period (1952 to 

2014) are provided in the next parts of the report for all barriers. The barriers are presented from west 

to east and the WLR rates shown correspond to debris and dune lines in the ocean side and backbarrier 

and marsh edge for the lagoon side. 

3.1 Ancão Peninsula 

The results of the long-term morphological analysis of the Ancão Peninsula are shown in Figure 5. The 

top panel shows the rates of the lagoon-side coastlines and the bottom one the values of the seaward 

coastlines. To show the main evolution patterns and to facilitate interpretation of WLR rates, 

indicative digitised coastlines (1952, 1989 and 2014) are also presented. 

 

Figure 5: WLR rates for Ancão Peninsula; the top graph corresponds to lagoon-side boundary lines and the 
bottom graph to ocean-side ones, while three different barrier morphologies (1952, 1989 and 2014) are also 

shown. 

The evolution of the Ancão Peninsula is dominated by longshore sediment transport and the eastward 

migration of the Ancão Inlet (Vila-Concejo, Matias, Ferreira, Duarte, & Dias, 2002). As seen in Figure 

5, the backbarrier is generaly stable, with low rates of -0.2 to +0.4 m/yr up to a distance of around 

7 km along the baseline. Further eastwards, the values present higher variability, ranging from -3 to 

+2 m/yr, variability that is due to the strong dynamics of the Ancão Inlet. Marsh development is 

concentrated in the western part of the area, in a zone that extends 4 km eastwards from the 

connection the peninsula to mainland. The marsh rates are generally low, from -0.6 to +0.5 m/yr and 

a near-zero average value. In the oceanfront, retreating coastlineline tendencies prevail in the western 

part and accretive in the eastern, ranging within ±1.0 m/yr for the debris line and between -0.5 to 

+1.8 m/yr for the dune line; the corresponding average values are -0.3 and +0.2 m/yr. In the inlet-

affected eastern part of the barrier the variability increases in both boundaries. 

3.2 Barreta Island 

In Barreta Island (Figure 6), the beach is dominated by strong progradation, with rates that reach 

6 m/yr in the Santa Maria Cape (see location in Figure 1) and range from +2.4 to +3.5 m/yr in the rest 
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of the coast of the western flank. The southward expansion of the island (maximum shoreline 

progression of 350 m between 1952 and 2014 at the Cape) is due to the stabilisation of the Faro-Olhão 

(hereafter F-O) Inlet that enabled the entrapment and accumulation of longshore sediment drift. In 

the vicinity of the F-O Inlet, erosive tendencies that reach -1.0 m/yr are observed, possibly due to local 

flow conditions near the western jetty. Localized erosion rates are present in the western area, under 

the influence of the westward migration of the Ancão Inlet (Vila-Concejo, Matias, Pacheco, Ferreira, 

& Dias, 2006). In the leeside, the coast is very stable, with near-zero rates, apart from the east and 

west extremities, the former due to frequent dredging to ensure navigability of the channel and the 

latter affected by the Ancão inlet migration/closure. The stability of the backbarrier is attributed to 

the presence of a broad, mature marsh, as also evidenced by the related rates that show a marsh that 

is either stable, or growing with rates of around 0.5 m/yr that can locally reach 1-5 m/yr. 

 

Figure 6: WLR rates for Barreta Island; the top graph corresponds to lagoon-side boundary lines and the 
bottom graph to ocean-side ones, while three different barrier morphologies (1952, 1989 and 2014) are also 

shown. 

3.3 Culatra Island 

The evolution of Culatra and the related WLR rates are given in Figure 7. Eroding trends exist in the 

ocean shore of the western part of the island, up to a distance of 3-3.5 km westwards (downdrift) of 

the F-O Inlet; from there on, the rates become positive with increasing values towards the Armona 

inlet (~10-20 m/yr). These trends are directly related to the artificial stabilization of the F-O Inlet that 

produced sediment starvation in the western part and decrease in the tidal prism of the downdrift 

Armona inlet (Pacheco et al., 2010). The loss of tidal prism resulted to the attachment of the ebb delta 

shoals to Culatra and accretion of recurved spits in the eastern part of the island (Ferreira, Matias, & 

Pacheco, 2016). The eastward elongation of the island between 1952 and 2014 is 3 km, corresponding 

to an average rate of around 50 m/yr, while the peak rates of southward progradation near the 




























































