
Coastal Land-loss Associated With Sea-level Rise Assessed by Aerial Videotape-
Assisted Vulnerability Analysis - the Case of Mainland Portugal

INTRODUCTION

Climate change is at present affecting important sectors of
our society and there is objective evidence that changes in
climate, especially increases in temperature, are affecting a
great variety of physical and biological systems in many parts of
the world ( , 2002).

It has become widely recognized that human activity, through
both the emission of greenhouse gases to the atmosphere and
dramatic changes in land use, is the main contributor to the
recent climate change (IPCC, 2001). The globally averaged
surface temperatures have increased by 0.6 0.2ºC during the
20 century and this warming has contributed significantly to
the observed sea-level rise (IPCC, 2001). In addition, the scale
of losses from weather related disasters since the 1990's has
been remarkable if not unprecedented ( ., 1999).
This encouraged climatologists, earth scientists, policy-makers
and insurance companies to join efforts in understanding the
full effects of climate change and in evaluating potential
impacts and practicable response strategies in the future.

Portugal is likely to experience significant impacts of climate
change and this fact has been recognized at governmental level
in the Portuguese Programme for Climate Change (PNAC,
2001) and in documents produced by the National Council for
Environment and Sustainable Development (CNADS, 2001).
However, the general existing awareness on impacts of climate
change and, in particular, on effects upon the coast, is in clear
contrast with the lack of rigorous and multidisciplinary research
on these subjects. In fact, besides the comprehensive work of
F (in press) only very limited contributions can be
found in the literature focusing on driving mechanisms and
possible effects of climate change in coastal systems. In this
context a group of scientists coming from different areas of
research produced the first multidisciplinary and integrated
assessment of climate change impacts and adaptation measures,

using GCM-derived scenarios, on strategic sectors in Portugal
(water resources, coastal zones, agriculture, human health,
energy, fisheries, forests and biodiversity) under the auspices of
the SIAM project ( , 2002).

Future sea-level rise is expected to depart from the 20
century observed rates of 1.5 mmyr and to increase non-
linearly especially in the last quarter of the 21 century (IPCC,
2001). Flood damage will probably increase in the same time
horizon due to increasing storminess and decreasing return
period of extreme surges. Given the starved character of large
sections of the
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Portuguese coast the qualitative assessment of
impacts include the drowning and flooding of lowlands,
acceleration of erosion in presently receding coastal ribbons
and spreading of erosion to others, stable at present. Estuaries
and lagoons are likely to capture more sediment from both
terrestrial and marine sources, making the maintenance of
navigation more hazardous and costlier. Should the occupation
pattern of marshes and tidal flats remain unchanged, these
ecosystems will be prejudiced and an unknown fraction of
wetlands may be lost. The patterns of coastal reaction to future
climate change will remain to a large extent site-specific,
therefore prejudicing the quantitative forecasting of responses
and the design of standard adaptation strategies at a country
scale.

This paper presents a summary of principal findings of the
coastal zones' team of the SIAM project in what concerns the
impacts of climate change upon the mainland coast of Portugal
in the time horizon of 2100, with emphasis on sea-level rise,
using the uppermost boundary of circa +1m given by IPCC,
(2001).

Portuguese mainland coast is at present significantly altered
by housing (urban settling and expansion, second habitation),
harbor and industrial facilities and tourism infrastructures,
although the density and occupation patterns are quite variable
along the shore.
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The coast develops in a wide range of lithologies (cf.
R 1979 and SGP, 1992) that group in five tectono-
stratigraphical Terranes and to a large extent adapts to the major
structural controls found inland (Figure 1). It also shows wide
morphological diversity, including sandy ribbons backed by
dunes or cliffs, rocky coasts with low to high and plunging
cliffs, shore platforms, pocket beaches, bays/headlands,
estuaries and lagoons, tidal flats and marshes, tombolos, sand
spits and barrier islands.

The western coast is high energy, swell-dominated and wave
power decreases with latitude. The yearly mean Hs and T off
shore are of 2-2.5 m and 9-11 s and this wave regime associates
with WNW to NNW swell (P and P , 1986). The
southern Algarve coast is sheltered regarding waves
approaching from the N-NW and the resultant regime is milder.
Calm sea occurs during 30% of the year, the mean average Hs
and period being 0.9 m and 6-11 s, respectively.

The high-energy regime of the western coast makes it one of
the most active and highly susceptible of Europe with
exceptionally intense longshore drift. The net residue is of 1 to
2 million m yr southward in linear N-S to NNE-SSW trending
ribbons; this figure falls by one or more orders of magnitude in
linear sections slightly rotated clockwise, along equilibrium
embayments and sections sheltered from the northwesterlies,
where the residual drift may be annulled or even reversed in
direction.Along the southernAlgarve coast net littoral drift is in
general directed eastward in annual residue, typically ranges
within 10 -10 m yr and locally reaches 10 m yr along the
barriers east of Faro; the exceptions are the linear NW-SE
ribbons and embayments, where wave energy is essentially
dissipated by cross shore processes.

Tides are semidiurnal, the spring tidal range averaging 2.8-
2.9 m (high-mesotidal coast). Tidal currents are unimportant to
coastal processes on their own, except in the vicinity of inlets in
estuaries and lagoons. The large tidal range that characterizes
the Portuguese coast is important to processes of cliff retreat
which affects significant spans of the rocky shore.

The mesoscale changes of relative mean sea level along the
Portuguese coast indicate a transgressive trend, the linear
regression of data corresponding to secular average elevation
rates of 1.5 0.2 mmyr ( and , 1992).

Data on coastal geomorphology, land use and coastal
protection along the Portuguese littoral has been collected using
the AVVA (Aerial Videotape Assisted Vulnerability Analysis)
technique ( 1995). This method requires a
combination of: (1) oblique aerial video-recording of the coast
to capture aspects of geomorphology, land use, types of
occupation, defenses and building density along the coast,
among others; (2) archival research (e.g. maps, aerial
photographs, technical reports, scientific literature); (3) limited
ground truth and (4) data analysis and processing.

The principal data source corresponds to a 1998 oblique
aerial videotape survey of the Portuguese coast, kindly supplied
by INAG (Instituto da Água). The coast was divided in 8
stretches (Fig. 1) according to the prevailing geomorphology
and in 896 approximately 1.1 km-long cells, corresponding to a
total length of 976 km, which includes limited upstream
penetration in estuaries and inlets. The video failed to capture
image in 67 cells and these have been characterized using
replacement documents.

The analyses of the videotape, complemented by
topographic and geological maps surveyed by the Portuguese
Army and Geological Survey, vertical aerial photography
(1986-1988) and Risk Maps ( and , 1991;

and , 1999), yielded information on natural and
socioeconomic attributes that have been classified following a
modification of the geomorphology and land-use system
proposed in (1995) - Table 1.

The CORINE Coastal Erosion Atlas (EC, 1998) supplied
data on stability of the coast, which has been grouped in three

classes: a) stable/accretion or stabilized by protection works; b)
tendency for erosion; and c) erosion confirmed. Information on
coastal defense collected through AVVA overwhelmed the
CORINE data in each individual cell classified as “hardened” or
“with protection” (seawall, groin, jetty, bulkhead) and this cell
classified within a).

The SMART methodology ( and , 1991)
has been used to process data acquired; this method was adapted
to assess impacts of forcing and to rank sections of the coast in
terms of vulnerability and risk in relation to inundation.

The basic data obtained by the AVVA have been reorganized
in four attributes, which are relevant to assess coastal
vulnerability: coastal contents (first and second order features),
protection and evolution trend (Table 2). Each coastal cell is
therefore characterized by a number of qualitative attributes to
which values were assigned in such an order that direct
correspondence exists between vulnerability and rank-order
(Table 2).

The 1 order features describe the seaward predominant
content of a cell, with relevance to geomorphology. If
protection is present (hardened - protected coast), it overrides
the 1 order classification. The 2 order features describe the
predominant content standing immediately landward of the 1
order feature. Several coastal cells display combinations of
protection works. In these cases, the ranking was adjusted to
1.6, if two types of protection coexisted, and to 1, if more than
two types were present. The variables have been standardized
and aggregated using an additive criterion to yield a
vulnerability index for each coastal cell.

Evaluation of longshore distribution of risk to land loss has
been undertaken using a SMART-borne index resulting from
the additive aggregation of vulnerability with a proxy of coastal
value - occupation value. This resulted from the multiplicative
aggregation of the ranked indexes describing population
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Figure 1. The major Portuguese coastal stretches (1 to 8), coastal
types and main tectono-stratigraphical Terranes.
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density and coastal development (Table 3).
Risk has been ranked in five classes (very low to very high)

using the criteria and boundaries described in Table 4. The
information on risk yielded by this method is specific of the area
under analyses and given as departures from the national
average. 4- From the Tagus until the Sado estuary - this stretch

contains a N-S section facing the Atlantic (35 km) and another
corresponding to the Arrábida chain (30 km) extending E-W.
The former corresponds to an equilibrium bay and includes a
southern (1/3) cliffed section hanging directly to the sea with
pocket beaches and a northern (2/3) beach backed by a low-
lying coastal plain, mantled by dunes and limited by a cliff
which is fossil until Fonte da Telha and becomes active and
topped by vegetated dunes further south. The sand beach is only
interrupted by the inlet of the Albufeira lagoon, when it is
artificially breached. The latter consists essentially of high
plunging cliffs defined along the southern façade of the
calcareousArrábida chain with rare structural controlled pocket
beaches.

RESULTS AND DISCUSSION

Attributes

The results obtained allow the characterization of the eight
stretches considered along the Portuguese coast (Figure 1).

1- From the Minho until the Douro estuary the coast trends
essentially NNW-SSE and develops in the Central-Iberian
Terrane, mostly in crystalline basement and early Palaeozoic
metamorphic rocks. It corresponds to circa 80 km of indented
and low rocky coast with sea stacks and rocky shoals; it is
punctuated by usually small pocket beaches, with the exception
of larger barrier-beach-dune systems occurring southward of
estuaries (e.g. Minho, Âncora, Lima, Cávado, Ave, Douro),
where local reversal of longshore drift maintain northward-
growing spits. In places, a raised Pleisto-Holocene coastal plain
is contained between the hinterland basement and the present-
day beach and dunes.

2- From the Douro estuary until Nazaré the littoral is directed
NNE-SSW and corresponds to 160 km of linear low sandy
forms, with the exception of: (1) its extremities - Douro estuary
to Espinho (low rocky coast developed in crystalline basement)
and S. Pedro de Muel to Nazaré (cliffed, cut in Meso-Caenozoic
sediments) and (2) the singularity of Cape Mondego (high cliffs
defined in Jurassic limestones), which offsets the southern 60

km to the east without disturbing the general coastal trend, and
shelters the estuarine lowlands of the Mondego estuary. It
contains reflective to intermediate-dissipative sandy beaches
backed by single or multiple foredunes, which extend inland
through wide vegetated dune fields. In its northern section the
beach is interrupted by the artificial inlet of the Aveiro lagoon,
the widest barrier-lagoon structure of the Portuguese coast.

3- From Nazaré until the Tagus estuary - this coastal stretch,
essentially directed NE-SW until Peniche, NNE-SSW until
Cape Raso (110 km) and E-W till the Tagus outer estuary (15
km), is once again rocky, with high active cliffs cut in
limestones, marls and sandstones of the Meso-Caenozoic
western basin, hanging directly to the sea. The coast is irregular,
with several headlands (e.g. the Peniche tombolo) and bays, the
latter accommodating small coastal lagoons (S. Martinho do
Porto and Óbidos) or reflective pocket beaches. The northern
boundary corresponds to the 60 km-long Nazaré submarine
canyon, whose head nibbles the coastal strip, connecting the
shore to the deep ocean floor. The E-W stretch corresponds
mainly to an artificialized and developed coast with starved
pocked beaches encased into low cliffs cut in Cretaceous
limestones. This section corresponds to a geomorphological
singularity due to the pronounced coastal offset north of the
Tagus estuary (the widest European estuary) up to the Cape
Roca and to the drowned sand bulge that includes the river's
paleodelta, forming most of its outer estuary.

5 From the Sado estuary until the Cape of Sines - this coastal
section, essentially trending N-S, is almost homothetic of the
former stretch in shape, geomorphological contents and limits:
the northern boundary is a major estuary (Sado) that extends
and offsets the coast westwards, until Cape Espichel; the
e

This stretch contains a 64 km long continuous reflective sand
beach backed by cliffs or dunes; north of Carvalhal the beach
detaches from mainland and forms the Tróia spit, which shelters
the Sado estuary (the second larger Portuguese estuary) and

-

xposed segment facing the Atlantic is an equilibrium bay,
developed in a southern cliffed section and a northern low-
lying beach and dune section; the southern boundary
corresponds to the cape of Sines.
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Table 1. Natural and socioeconomic attributes classification
system.

Coastal
geomorphology

Beaches, Wetlands, Cliffs
(no beaches), Hardened
(protected)

Natural
Inland
geomorphology

Flatland, Hilly land,
Mountainous land,
Wetlands

Evolution trend
Stable/Accretion or
stabilized by protection
works, Tendency to erode,
Erosion confirmed

Protection
(if present)

Seawall, Bulkhead, Groins,
Jetty, Protected Harbor

Socio
Economic

Land use
Urban/City,
Residential/Tourism,
Industry, Agriculture, Shrub
land, Forest, Barren

Population density High (>10 inhkm-2), Low
(<10 inhkm-2)

Coastal
development

High, Low

Table 2. Attributes used to describe vulnerability of the coast to land loss and ranking of the performance of each attribute in relation to
land loss. The ranking index grows with increasing vulnerability of the coast.

Attribute 1st order features Rank 2nd order features Rank

Coastal Sandy coast Barriers (island, spit) 5 Low dunes, washovers 6
contents Pocket beach 4 High dunes, extensive dune field 5

Open beach, strandplain 4 Cliff (rocky) 2
Natural Cliffed coast Rocky (hard) 2 Cliff (erodible) 3

Erodible (soft) 3 Coastal plain, flatland 4
Wetland 5 Wetland 6

Artificial Hardened, protected (harbor
urban, residential, industrial)

1 Hardened, protected
Hilly, mountainous

1
1

Protection Jetty, Groin 3
works Seawall, Bulkhead 2

Protected Harbor 1
No protection 4

Evolution Erosion confirmed 3
trend Erosion trend 2

Accretion, stable, stabilized 1

Freitas .et al1312



Table 4. Classification of risk.

Class Standard intervals Standard
values

Rank

Very low Xi � Xaverage -1.6� ]- � , -4.05] 1
Low Xaverage -1.6� < Xi

Xaverage -0.5 � Xi
]-4.05, -1.28] 2

Medium Xaverage -0.5 � < Xi
Xaverage + 0.5� Xi

]-1.28, 1.26] 3

High Xaverage +0.5� < Xi
Xaverage +1.6� Xi

]1.26, 4.04] 4

Very high Xi � Xaverage+1.6� ]4.04, �] 5

confines its inlet. South of Carvalhal the beach is backed either
by cliffs cut in soft detrital Plio-Pleistocene sediments that
erode by sub-aerial processes, or by multiple spit complexes
that formed the barriers of the Melides and SantoAndré lagoons
and of few barred-streams.

6- From Sines until Cape S. Vicente the coast develops in the
Late Paleozoic turbidites of the Southern Portuguese Terrane
and at its very southern tip in resistant Jurassic limestones and
dolomites of the Algarve basin. The wacke and slate Flysch are
intensively folded and fractured and define a series of active,
structurally-controlled linear cliffs of variable height trending
NNE-SSW for some 120 km. They are margined by shore
platforms and interrupted by the estuaries and associated
lowlands of the rivers Mira, Odeceixe and Aljezur. The latter,
together with a few sheltered indentations in the cliffs, allowed
rare pocket beaches of sand or shingle to accumulate. This
coastal stretch also contains the most representative yet
localized semi-vegetated and presently active dune fields of the
Portuguese coast, namely close to S. Torpes (Sines) and
Bordeira - Carrapateira. The S. Vicente - Sagres headlands,
protruding to the SW, margined by plunging cliffs and made of
hard monoliths of dolomitized thick-layered limestones impose
a resistant singularity, separating the westward facing coast of
SW Portugal from the sheltered southernAlgarve littoral.

7- From Cape S. Vicente until Ancão, the coast develops
essentially W - E for some 90 km along the Algarve Mesozoic
Terrane. This stretch is essentially rocky and cliffed with
heights generally decreasing eastwards and showing multiple
headlands and bays. The Jurassic limestones outcropping in its
westernmost tip correspond to stable plunging cliffs, scarcely
indented by occasional fault-controlled incised canyons or
rivulets confining small pocket-beaches. Between Porto de Mós
and Ponta da Piedade, the Cretaceous detrital and carbonate
sediments give place to active linear low cliffs; further east,
Miocene calcarenites define an extremely crenulated, low-
cliffed rocky section, due to the combination of structural
constraints with the recent exhumation and marine drowning of
a paleokarst, containing numerous yet very small sand beaches.
Drowned shore platforms, eroding sea stacks and shoals are
abundant features here. The easternmost end of this stretch
roughly trends NW-SE and corresponds to the fast eroding
linear cliffs of Olhos d'Água - Ancão, cut in Caenozoic poorly
consolidated sandstones that nourish an adjacent starving
reflective and narrow sand beach. The major exceptions to the
rocky nature of the western Algarve littoral are the low-laying
embayments of Lagos - Alvor and Armação de Pera, where
beach and dunes develop along arcuate equilibrium bays, which
margin choked or totally infilled estuaries or lagoons.

8 - FromAncão until the Guadiana estuary - the eastern 70 km
Algarve coast is linear, low lying and sandy. The major

geomorphological feature is the roughly triangular barrier-
lagoon system of Ria Formosa, a non-coastal plain barrier
chain, that forms the widest lowland of the Algarve coast. East
of Cacela the coast contains a welded-beach strand plain and
dune complex that extends from Manta Rota to the Guadiana
estuarine marshes and flats.

In what concerns natural attributes, the Portuguese mainland
coast is, to a large extent, not very high nor very steep and sand
beaches predominate, exceeding half of its total length (Table
5). They occur in spits and barrier-islands and also fringing
coastal plains and the toe of cliffs. Beaches are present in all
stretches, being the single geomorphological feature east of
Olhos d'Água (stretch 8) but losing importance between Nazaré
and Cape Raso (stretch 3) and Sines - Cape S. Vicente (stretch
6). Cliffs lacking beaches as toe-protection occupy a significant
(about 1/3) extension of the coast and concentrate in stretches 3,
4 and 6; plunging cliffs contribute with a small part to this total
and occur in stretch 4 under the category of mountainous land
along theArrábida chain. Wetlands directly facing the ocean are
virtually absent: they typically lean against, and extend
landwards, of detrital barriers in close association with estuaries
and lagoons. A large part of the wetlands expand oblique to the
regional coastal trend and penetrate deep inland. In
consequence, they are better represented by the inland
geomorphology category and its presence is expressive in
stretch 2 (Aveiro) and 8 (Ria Formosa).

About 1/4 of the coast shows symptoms of instability,
expressed by tendency to erode or erosion confirmed, in both
cliffed and low-lying sections; this figure excludes coastal
stretches armored at the time of this study, within which erosion
was halted. The pattern of confirmed erosion restricts to both
Algarve stretches and this result underestimates the extension
of the erosion problem, namely in the central and NW façade.
Coastal protection has been traditionally undertaken by means
of hard defenses, among which seawalls predominate, to
control marginal erosion of developed coastal areas, frequently
at the cost of the adjacent beach tracts (Table 6). Jetties are
inevitable complements of harbors and groins have been
increasing in number either to control localized erosion or to
attempt sand retention seaward of revetment defenses.
Combination of different defense types ('more than one'
in Table 6) occurs frequently, with relevance in stretches 2, 4
and 6.

The land-use categories of shrub land and barren was
assigned to about 2/3 of the coast, distributed evenly (Table 6);
this reflects (1) the methodology of retaining the use of the land
lying at the water-front (bearing in mind a <1 m rise in sea
level); (2) historical inheritance in some stretches (e.g. stretch
6) and (3) legal constraints to the occupation of the seaward
margin of the littoral fringe. Care must be taken when
interpreting this information which may give the erroneous
image of a non-occupied coast. Housing (urban, residential and
tourism) is the second more important land-use type and is
typically clustered in larger cities and sea side resorts, or
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Table 3. Attributes used to describe the occupation value of the
coast in terms of socioeconomic features and rank index of each
attribute's performance in relation to land loss.

Attribute Rank
Population density High 2

Low 1
Coastal development High 2

Low 1

Table 5. Absolute and relative frequency distributions of major
land forms and stability along the Portuguese coast.

Points
observed % km

Beaches 540 60.3 589
Coastal Wetlands 4 0.4 4

geomorphology Cliffs 322 35.9 351
Hardened 30 3.4 33
Flatland 494 55.1 538

Inland Hilly land 217 24.2 236
geomorphology Mountainous

land
63 7.1 69

Wetlands 122 13.6 133
Stable/Accretion

or stabilized
682 76.2 743

Evolution trend Tendency to
erode

208 23.2 226

Erosion
confirmed

6 0.6 6

Coastal Vulnerability to Sea-level Rise 1313



scattered along the coast when associated with second housing
and low density tourism development. Industry concentrates
preferably in dense clusters close to major towns and ports and
is a minor contributor to the occupation of the coast at a country
scale. Cultivated areas predominate over forest and both
categories are relevant along the coast north of Lisbon. The low
category of the density of population and coastal development
predominates in all stretches, mirroring the same constrains
previously referred in land-use.

Table 7 summarizes the performance of morphological
attributes in relation to vulnerability. At a country scale the
distribution is bimodal with predominance of high vulnerability
in stretches 2, 5 and 8, in relation with their sandy nature and
low elevation. Stretches 4 and 6 and, to some extent, stretch 3,

Vulnerability

how opposite behavior due to predominance of rocky and

contents, dynamics and use and its increasing occupation makes
it likely to experience significant impacts resulting from climate
change in the near future, with relevance to sea-level forcing.

By combining the interpretation of relevant coastal features
with appropriate models of forcing-response and a multi-
attribute rating technique, the assessment of vulnerability of the
coast to the impacts of a rising sea level and of increased
storminess has been indexed and mapped as departures from the
national average. Coastal risk indexation followed, using a
combination of vulnerability with a proxy of land value
reflecting socioeconomic uses of the coast.

The results indicate that a significant proportion of the coastal
land is vulnerable or at risk regarding future changes in climate
in both relative terms and at a country scale, suggesting that
land-loss will indeed happen within the time horizon of 2100,
should the sea level rise according to the highest IPCC scenario
and wave energy increase. The distribution of the most
vulnerable and high-risk areas is complex; the littoral north of
Lisbon and theAlgarve (especially east of Olhos d'Água) are the
most concerning regions. Armored ports, rocky headlands
and resistant cliffs display lowest-risk whilst highest-risk
indexes characterize highly valued land in different
geodynamic contexts, fast eroding cliffs, spits/barriers
sheltering wetlands and beaches, regardless the value of the
hinterland. Higher than average indexes of vulnerability or risk
consistently characterize starved beaches and fast eroding cliffs
lacking protection and bearing high valued development. This
is the case of the majority of pocket beaches of the western and
central Algarve and SW coast. Risk of land-loss has been found
along 67% of the coastal length in association with erodible
bedrock or low lying coast (beach-dunes, barriers, wetlands).

Regardless the adaptation strategies that must be
implemented, the study of scenarios of impacts, alternatives for
adaptation, mitigation and of related social and economic costs
and benefits are urgent tasks that should be encouraged and
focus on long-term (decades to century) time-scales. The
quality of mesoscale prediction of coastal response will benefit
from matching against past reactions of the littoral system to
forcing, similar to the expected in the near future, archived in
the geological record.
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cliffed substrate.

The distribution of coastal protection is strongly unimodal
and left-tailed at both country and sectorial scales, stretches 1
and 2 concentrating most of the protection works. South of
Lisbon protection is rare and occurs especially in association
with tourist development in the Algarve. The longshore
distribution of vulnerability as determined by the evolution
trend is strongly assymmetric: south of Lisbon low
vulnerability is almost exclusive, with the exception of the
eastern Algarve coast, which is more similar to stretches 1 to 3
in the performance of this attribute.

The longshore distribution of the risk index is quite variable
at small spatial scales, stretches 4, 5 and 8 being unusually
uniform (Figure 2). Stretches 1, 2, 3 (north of Lisbon) and the
eastern half of stretch 7 (Portimão - Olhos d'Água) are
characterized by the predominance of medium-high risk, sector
8 displaying the most delicate situation (high and very high). In
contrast, the coast south of Lisbon to Portimão consistently
displays medium to medium-low risk. The extreme ranking of
risk corresponds to well defined and repetitive coastal features.
Very low risk associates with armored ports, stable rocky
headlands or resistant cliffs. The highest risk sections coincide
with (1) highly valued land in different geodynamic contexts;
and (2) fast eroding cliffs, spits/barriers sheltering wetlands and
beaches, in association with different value of the hinterland. In
localized cases (e.g. beaches of Cortegaça in stretch 1 and Faro
in stretch 8) the method yielded misleading results.Actually, the
low ranking of risk assigned to these locations results solely
from the existing defense structures, which, are known to
produce only limited sheltering.

The Portuguese mainland coast is extremely varied in natural

Risk
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Table 6. Absolute and relative frequency distribution of coastal
protection works, land use, population density and coastal
development along the Portuguese coast.

Points
observed % km

Seawall 64 7.0 68
Bulkhead 3 0.3 3

Protection Groins 14 1.5 15
Jetty 10 1.1 11
Harbor 11 1.2 12
More than one 30 3.3 32
No protection 764 85.5 831
Urban 100 11.2 109
Residential/Tourism 113 12.6 123
Industry 18 2.1 20

Land use Agriculture 74 8.2 80
Shrub land 550 61.3 599
Barren 24 2.7 26
Forest 18 2.1 20

Population Low 694 77.4 755

Density High 202 22.6 220

Coastal Low 698 77.9 759

development High 198 22.1 216

Table 7. Absolute frequency distribution of the performance of
morphological attributes, protection and evolution trend in
relation to vulnerability for all the country.

Vulnerability
index

km

1st order 1 2 3 4 - 5 32 341 8 452 - 144
features
2nd order
features

1 2 3 4 5
- 6

32 336 10 0 164 -
432

Protection 1 2 3 4 - 5 12 32 71 27 - 831
Evolution 1 2 3 743 226 6

Trend

Freitas .et al1314
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Figure 2. Longshore distribution of risk in stretches 1 to 8 resulting from the SMART approach.
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