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1 Introduction 

1.1 Framework 

 

The world's coastal zones experience climate change (CC) in several ways. The most evident 

impact on the coastal zone is Sea-Level Rise (SLR) which is an important indicator of CC in 

Europe with greater emphasis for loss of flat coastal regions, the flooding and coastal erosion. 

The increase in sea level enlarge the storm surges, flooding, enforce landward intrusion of salt 

water in estuaries and aquifers and put in danger coastal ecosystems and wetlands. The coastal 

zones in Europe often provide important natural ecosystems, provide habitats for many species, 

play a key role in nutrient uptake, serves as the basis for many communities economic 

livelihoods, provide recreational opportunities, protect local areas from flooding and contain 

major urban centres.  

 

A higher risk of flooding increases the threat of loss of property and coastal habitats, and 

potential loss of life, as well as damage to coastal protection works and other infrastructure, and 

may cause the loss of tourism, recreation and transportation. Low-lying coastlines with high 

density of population and small tidal ranges will be the most vulnerable to SLR. 

 

According to Leatherman (2001), changing in sea level has been the driver of shorelines over 

geologic time and is one of the principal determinants of shoreline position. This has a 

relationship with other factors such as sea level, sediment supply, wave energy and shoreline 

position. For develop management strategies for mitigating and protecting people it is 

important to assess sea level trends. 

 

According by Povh (2000), three quarters of the world‟s population will be living within 60 km 

of the shoreline by 2020, there will be an increase in demand for coastal leisure and tourism. 

Whilst coastlines are often viewed as stable permanent assets, in reality they tend to be 

dynamic, responding to natural processes and human activities (Phillips and Jones, 2006). 

Ketchum (1972) identified six most important spheres of human activity in the coastal zone: 

residency and recreation; industrial and commercial; agricultural, aquaculture and fishing; 

waste disposal; conservation; military and strategic. 
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One of the major physical impacts of SLR is erosion of beaches, particularly along the open 

coast and this would leave coastal infrastructure more vulnerable to storm waves (Titus et al., 

1985). Which this will have consequences for tourism. This relationship of SLR to erosion has 

become known as the Bruun Rule (Leatherman, 2001). Which Bruun (1962) proposed long ago 

that SLR cause long-termed erosion of sandy beaches. According to Douglas (2001) says that 

his model predicts that the beaches will erode 50 to 200 times the rate of increase of sea-level. 

It does not suggest that SLR actually causes erosion; rather, increased sea level enables high-

energy, short-period storm waves to attack further up the beach and transport sand offshore 

(Phillips and Jones, 2006). 

 

About the management in coastal zone have several problems for beach managers, coastal 

engineers and tourism business, due the uncertainty of SLR, storm surges, erosion. For example 

erosion, have many other factors contribute to erosion not just sea-level, which complicate the 

development of appropriate management strategies. Also when coastal managers decide the 

best defence structures to response to erosion, some methods they use cause erosion. 

Obviously, policy and implementation will be influenced by the available techniques for 

defending the coastline with due consideration being given to their cost and sustainability 

(Phillips and Jones, 2006). 

 

Some of the hard engineering structures used for manage storms and tides for the protection of 

developments within the coastal zone are the seawalls, groynes, piers, etc.. These structures 

they have a tendency to promote erosion and they are expensive. 

According to Phillips and Jones (2006) the hard engineering it can be argued on socio-

economic grounds but this structures they still be necessary because if human activity and 

global change mean losses in the coastal zone, then risk assessments will have to be undertaken 

to consider overall consequences. 

 

However as the hard engineer cause problems, in present-day alternative soft engineering 

techniques that work together with natural coastal processes are increasingly used. As soft 

engineering we have: 

- Groyne field techniques 
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- Submerged breakwaters –  reduce effective depth offshore and consequently reduce 

wave power and erosion of the beach (Aminti et al., 2002) 

- Beach nourishment – aim protect the shoreline and benefit the tourism industry.  

 

1.2 Objective 

 

The present dissertation has as main objective to make a comparison between the south of 

Wales and central region of Portugal in relation to CC. 

However other specifics objectives can be identifies as: 

 Identify the aspects of CC; 

 Research in the main reports about CC; 

 Identify what the consequences of CC on coastal zones of Wales and the Central 

region of Portugal using various scientific studies developed; 

 Identify what steps strategic for both countries which should take to adapt to CC in 

coastal zones; 

 To evaluate the viability of measures to adapt the strategies in the respective 

countries; 

 Observe what the differences between the countries under study are; 

 Present contributions to the effectiveness of national planning and coastal zone 

management. 

1.3 Methodology  

 

The methodology of drafting this work involved: 

 Research and literature review about CC; 

 Analysis of European and international policies and strategies of other relevant 

countries, in terms of adjustments to CC in coastal zones: identification of 

measures, goals and targets; 

 Analysis of studies to identify the impacts of CC on coastal zones, particularly in 

Portugal and Wales; 

 Preparation of guidelines for coastal zone adaptation to CC might be included in 

national strategies looking ahead a sustainable future of these areas; 
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1.4 Organization of Thesis 

 

The dissertation is organized in five chapters. 

 

The present chapter is the introduction where the thesis theme is general presented. Are 

presented also the objectives and the methodology used in the research work. 

 

Chapter two is the framework of the problems in coastal zones due to CC and refers to the 

biggest agencies for the climate change in the international and European context. 

 

Chapter three refers to the management of coastal zones in different countries with the 

most significant policies and tools which each country uses, to deal with this particular 

problem in CC aspects. 

 

Chapter four is the comparative study between the two countries - south of Wales and 

central region of Portugal. With particular emphasis to the followed aspects: biophysical, 

erosion, socio economic and management tools. 

 

Finally, chapter five present the main discussion of the research and conclusions. Some 

recommendations and developments which can be done in the future are also suggested.  
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2 Framework of the problem 

2.1 Aspects of climate change 

 

According to Intergovernmental Panel on Climate Change (IPCC) the CC refers to any 

change in climate over time, whether due to natural variability or as a result of human 

activity (IPCC, 2007a).  

The reason the Earth‟s surface is this warm is the presence of greenhouse blanket for the long 

wave radiation coming from the surface. These blanketing gases, which act as a partial, are 

known as the natural greenhouse effect. Without the greenhouse effect life on this planet would 

probably not exist as the average temperature of the Earth would be a chilly -18° Celsius, rather 

than the present 15° Celsius.  

 

The two most abundant gases in the atmosphere are the nitrogen comprising 78% of the dry 

atmosphere and oxygen comprising 21%; they don‟t affect almost greenhouse effect. Instead, 

the greenhouse effect comes from molecules that are more complex and much less common. 

Water vapour is the most important greenhouse gas, and carbon dioxide (CO2) is the second 

most important. Methane, nitrous oxide, ozone and several other gases present in the 

atmosphere in small amounts also contribute to the greenhouse effect (IPCC, 2007). 

 

Figure 1 – Earth’s energy balance (source: Kiehl and Trenberth (1997) an update) 
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As energy from the Sun passes through the atmosphere a number of things take place (Figure 

1). A portion of the energy (30% globally) is reflected or scattered back to space by clouds and 

other atmospheric particles. About 19% of the energy available is absorbed by clouds, gases 

(like ozone), and particles in the atmosphere. Of the remaining 55% of the solar energy passing 

through the Earth's atmosphere, 4% is reflected from the surface back to space. On average, 

about 51% of the Sun's radiation reaches the surface.  

 

Human activities result in emissions of four long-lived GHGs: CO2, methane (CH4), nitrous 

oxide (N2O) and halocarbons (a group of gases containing fluorine, chlorine or bromine) which 

intensify the blanketing effect through the release of greenhouse gases. For instance, the 

amount of carbon dioxide in the atmosphere has increased by about 35% in the industrial era, 

and this increase is known to be due to human activities, primarily the combustion of fossil 

fuels and removal of forests. Thus, humankind has dramatically altered the chemical 

composition of the global atmosphere with substantial implications for climate. Changes in 

various aspects of the climate system, such as the size of ice sheets, the type and distribution of 

vegetation or the temperature of the atmosphere or ocean will influence the large-scale 

circulation features of the atmosphere and oceans (IPCC, 2007). 

 

There are many feedback mechanisms in the climate system that can either amplify („positive 

feedback‟) or diminish („negative feedback‟) the effects of a change in climate forcing. For 

example, as rising concentrations of greenhouse gases warm Earth‟s climate, snow and ice 

begin to melt. This melting reveals darker land and water surfaces that were beneath the snow 

and ice, and these darker surfaces absorb more of the Sun‟s heat, causing more warming, which 

causes more melting, and so on, in a selfreinforcing cycle. This feedback loop, known as the 

„ice-albedo feedback‟, amplifies the initial warming caused by rising levels of greenhouse 

gases (GHG). Detecting, understanding and accurately quantifying climate feedbacks have 

been the focus of a great deal of research by scientists unravelling the complexities of Earth‟s 

(IPCC, 2007). 

 

http://www.physicalgeography.net/physgeoglos/r.html#reflection_atmospheric
http://www.physicalgeography.net/physgeoglos/s.html#scattering_atmospheric
http://www.physicalgeography.net/physgeoglos/o.html#ozone
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Coasts are dynamic systems, undergoing adjustments of form and process (termed 

morphodynamics) at different time and space scales in response to geomorphological and 

oceanographical factors (Cowell et al., 2003a, b). 

 

Climate change interacts with the coastal zone in several ways including inundation, erosion 

and salt water intrusion into the water table. Over the next century and beyond inundation and 

intrusion will clearly be affected by the relatively slow increases in mean sea level. For an 

assessment of the effects of CC on erosion there is insufficient information on changes in 

waves or near-coastal currents. The risk of extreme sea levels in many locations is poorly 

defined under current climate conditions because of sparse tide gauge networks and relatively 

short temporal records. This gives a poor baseline for assessing future changes and detecting 

changes in observed records. Using results from 141 sites worldwide for the last four decades, 

Woodworth and Blackman (2004) find that at some locations extreme sea levels have increased 

and that the relative contribution from changes in mean sea level and atmospheric storminess 

depends on location (IPCC,2007). 

 

Coastal erosion results in three different types of impacts (or risks): 

 Loss of land with economical, societal or ecological value; 

 Destruction of natural sea defences (usually a dune system) as a result of a single storm 

event, which in turn results in flooding of the hinterland; 

 Undermining of artificial sea defences, potentially also leading to flood risk. 

 

2.2 Intergovernmental Panel for Climate Changes (IPCC) 

 

The IPCC is the principal agency for the assessment of CC to offer the world a clear scientific 

about the current state of CC and its potential environmental and socio-economic 

consequences. It was established by the United Nations Environmental Programme (UNEP) 

and the World Meteorological Organization (WMO) back in 1989. 

 

The IPCC is organized into three working groups: Working Group I deals with "The Physical 

Science Basis of Climate Change", Working Group II with "Climate Change Impacts, 

Adaptation and Vulnerability" and Working Group III with "Mitigation of Climate Change". 

http://www.ipcc.ch/working_groups/working_groups.htm
http://www.ipcc-wg1.unibe.ch/
http://www.ipcc-wg2.gov/
http://www.ipcc-wg3.de/
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They are assisted by a Technical Support Unit, which is hosted and financially supported by the 

government of the country who offered to do so and also a Task Force on National Greenhouse 

Gas Inventories which develop and refine a methodology for the calculation and reporting of 

national GHG emissions and removals. 

Below discusses the framework of the problem, the aspects, consequences and management in 

the coastal zone, , according to the IPCC : “The Physical Science Basis of Climate Change”, 

“Climate Change Impacts, Adaptation and Vulnerability”, “Mitigation of Climate Change” of 

2007 . 

2.2.1 “Climate Change 2007: The Physical Science Basis” 

 

Chapter 5 “Observations: Oceanic Climate Change and Sea Level”, explores the importance of 

the ocean in climate variability and sea level from the report of “climate change 2007:The 

Physical Science Basis”.  

The ocean‟s heat capacity is about 1,000 times larger than that of the atmosphere, and the 

oceans net heat uptake since 1960 is around 20 times greater than that of the atmosphere 

(Levitus et al., 2005a). This heat capacity which is been mostly stored in the upper layers of the 

ocean plays a critical role in CC, in particular variations on seasonal to decadal time scales. The 

transport of heat and freshwater by ocean currents can have an important effect on regional 

climates, and the large-scale Meridional Overturning Circulation (MOC; also referred to as 

thermohaline circulation) influences the climate on a global scale (e.g., Vellinga and Wood, 

2002). The ocean circulation influences also the changes in sea level. 

IPCC refers that present-day the change of sea level is one of the main interests because of its 

potential impact on human populations living in coastal regions and islands. On decadal and 

longer time scales, global mean sea level change, principally related to recent CC results from 

two major processes that alters the volume of water in the global ocean (Figure 2): 

- Thermal expansion of the oceans, that due to the rising ocean water temperature the 

volume increase;  

- Exchange of water between oceans and other reservoirs (glaciers and ice caps, ice 

sheets, other land water reservoirs - including through anthropogenic change in land 

hydrology and the atmosphere), or other words, melting of ice sheets, glaciers and ice 

caps. 

http://www.ipcc-nggip.iges.or.jp/
http://www.ipcc-nggip.iges.or.jp/
http://www.ipcc.ch/pdf/assessment-report/ar4/wg1/ar4-wg1-chapter5.pdf
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Figure 2- Observed changes in (a) global average surface temperature; (b) global average sea level from tide 

gauge (blue) and satellite (red) data; and (c) Northern Hemisphere snow cover (Source:IPCC, 2007).  

 

“All these processes cause geographically no uniform sea level change as well as changes in 

the global mean, some oceanographic factors (e.g., changes in ocean circulation or atmospheric 

pressure) also affect sea level at the regional scale, while contributing negligibly to changes in 

the global mean. Vertical land movements such as resulting from Glacial isostatic adjustment 

(GIA), tectonics, subsidence and sedimentation influence local sea level measurements but do 

not alter ocean water volume; nonetheless, they affect global mean sea level through their 

alteration of the shape and hence the volume of the ocean basins containing the water.” (IPCC, 

2007). 

 

In this report IPCC highlights for measure the sea level change two different techniques: tide 

gauges and satellite. The definition of IPCC of these two techniques is the “Tide gauges 

provide sea level variations with respect to the land on which they lie. To extract the signal of 

sea level change due to ocean water volume and other oceanographic change, land motions 

need to be removed from the tide gauge measurement. Land motions related to GIA can be 

simulated in global geodynamic models. The estimation of other land motions is not generally 
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possible unless there are adequate nearby geodetic or geological data, which is usually not the 

case. 

However, careful selections of tide gauge sites such that records reflecting major tectonic 

activity are rejected and averaging over all selected gauges, results in a small uncertainty for 

global sea level estimates. Sea level change based on satellite altimetry is measured with 

respect to the Earth‟s centre of mass, and thus is not distorted by land motions, except for a 

small component due to large-scale deformation of ocean basins from GIA.” 

 

IPCC says that the global sea level during the several millennia that followed the end of the last 

ice age (approximately 21,000 years ago) rose by about 120 m, and stabilised between 3,000 

and 2,000 years ago. The indicators of sea level suggest that global sea level did not change 

considerably from then until the late 19th century. Estimates for the 20th century show that 

global average sea level rose at a rate of about 1.7 mm yr
–1

. As well the climate models, 

hydrographic observations and satellite data demonstrate that sea level is not rising equally 

around the world. In some regions, rates are up to several times the global mean rise, while in 

other regions sea level is declining. 

Relative at 21
st
 century global sea level is projected to rise at a superior rate than during 1961 to 

2003. Under the IPCC Special Report on Emissions Scenarios(SRES) A1B scenario by the 

mid- 2090s, global sea level will reach 0.22 to 0.44 m above 1990 levels, and is rising at about 

4 mm yr
–1

.  As in the past, sea level change in the future will not be geographically uniform, 

with regional sea level change varying within about ±0.15 m of the mean in a typical model 

projection (IPCC, 2007). 

Figure 3 shows the evolution of global mean sea level in the past and as projected for the 21st 

century for the SRES A1B scenario with grey shading shows the uncertainty in the estimated 

long-term rate of sea level change. The red line is a reconstruction of global mean sea level 

from tide gauges, and the red shading denotes the range of variations from a smooth curve. The 

green line shows global mean sea level observed from satellite altimetry. The blue shading 

represents the range of model projections for the SRES A1B scenario for the 21st century, 

relative to the 1980 to 1999 mean, and has been calculated independently from the 

observations. . 
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Figure 3 – Evolution of global sea level (Source: IPCC, 2007). 

 

The same report informs about the uncertainty value for the SLR. The Third Assessment 

Report (TAR) chapter on sea level change provided estimates of climate and other 

anthropogenic contributions to 20th-century SLR, based mostly on models (Church et al., 

2001). The sum of these contributions ranged from 0.8 to 2.2 mm yr
–1

, with a mean value of 1.7 

mm yr
–1

, and a large part of this uncertainty was due to the lack of information on 

anthropogenic land water change (IPCC, 2007). Adopted as a best estimate Church et al. 

(2001) based on tide gauge records observed for the 20th-century SLR, a value in the range of 1 

to 2 mm yr–1, which was more than twice as large as the TAR‟s estimate of climate-related 

contributions. The IPCC explained that thus appeared that either the processes causing SLR had 

been underestimated or the rate of SLR observed with tide gauges was inclined towards higher 

values. 

Since the TAR, a number of new results have been published. Since the early 1990s the global 

coverage of satellite altimetry (Topography Experiment (TOPEX)/Poseidon and Jason) has 

improved the estimate of global SLR and has revealed the complex geographical patterns of sea 

level change in open oceans. Near-global ocean temperature data for the last 50 years have 

been recently made available, allowing the first observationally based estimate of the thermal 

expansion contribution to SLR in past decades. For recent years, better estimates of the land ice 

contribution to sea level are available from various observations of glaciers, ice caps and ice 

sheets (IPCC, 2007).  

The global sea level change depends on the three-dimensional distribution of ocean temperature 

change discussed already above. The average rate of thermosteric SLR caused by heating of the 
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global ocean is estimated to be 0.40 ± 0.09 mm yr–1 over 1955 to 1995 (Antonov et al., 2005), 

based on five-year mean temperature data down to 3,000 m. For the 0 to 700 m layer and the 

1955 to 2003 period, the averaged thermosteric trend, based on annual mean temperature data 

from Levitus et al. (2005a), is 0.33 ± 0.07 mm yr–1 (Antonov et al., 2005). For the same period 

and depth range, the mean thermosteric rate based on monthly ocean temperature data from 

Ishii et al. (2006) is 0.36 ± 0.12 mm yr–1. The rate of thermosteric SLR is clearly not constant 

in time and shows considerable fluctuations. In the Figure 4 shows the overlapping 10-year 

rates of global sea level change from tide gauge data sets (Holgate and Woodworth, 2004, in 

solid black; Church and White, 2006, in dashed black) and satellite altimetry (updated from 

Cazenave and Nerem, 2004, in green), and contributions to global sea level change from 

thermal expansion (Ishii et al., 2006, in solid red; Antonov et al., 2005, in dashed red) and 

climate-driven land water storage (Ngo-Duc et al., 2005, in blue). Each rate is plotted against 

the middle of its 10-year period 

 

Figure 4 – Fluctuations of SLR (Source: IPCC, 2007). 

 

The IPCC says that glaciers and ice caps during the 20th century have experienced considerable 

mass losses, with strong retreats in response to global warming after 1970. For 1961 to 2003, 

their contribution to sea level is assessed as 0.50 ± 0.18 mm yr
–1

 and for 1993 to 2003 as 0.77 ± 

0.22 mm yr
–1

, the Greenland Ice Sheet has also been losing mass in recent years, contributing 

0.05 ± 0.12 mm yr
–1

 to SLR during 1961 to 2003 and 0.21 ± 0.07 mm yr
–1

 during 1993 to 2003. 

Assessments of contributions to SLR from the Antarctic Ice Sheet are less certain, especially 

before the advent of satellite measurements, and are 0.14 ± 0.41 mm yr
–1

 for 1961 to 2003 and 

0.21 ± 0.35 mm yr
–1

 for 1993 to 2003 (IPCC, 2007). Geodetic data on Earth rotation and polar 

wander allow a late 20th century sea level contribution of up to about 1 mm yr
–1

 from land ice 

(Mitrovica et al., 2006). However, recent estimates of ice sheet mass change exclude the large 
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contribution inferred for Greenland by Mitrovica et al. (2001) from the geographical pattern of 

sea level change, confirming the lower rates reported above. 

 

 In the point 5.5.6 “Total Budget of the Global Mean Sea Level Change” of IPCC 2007 has the 

various contributions to the budget of sea level change and they are summarised in Table 1 for 

1961 to 2003 and 1993 to 2003. The IPCC omit‟s some terms known to be small, including 

changes in atmospheric water vapour and climate-driven change in land water storage, 

permafrost and sedimentation, which very likely total less than 0.2 mm yr–1 and also the 

poorly known anthropogenic contribution from terrestrial water storage. 

Table 1 - Estimates of the various contributions to the budget of global mean sea level change for 1961 to 

2003 and 1993 to 2003 (Source: IPCC, 2007). 

SLR (mm/yr) 

Source 1961-2003 1993-2003 

Thermal Expansion 0.42±0.12 1.6±0.5 

Glaciers and Ice Caps 0.50 ± 0.18 0.77 ± 0.22 

Greenland Ice Sheet 0.05 ± 0.12 0.21 ± 0.07 

Antarctic Ice Sheet 0.14 ± 0.41 0.21 ± 0.35 

Sum 1 ± 05 2.8 ± 0.7 

Observed 1.8 ± 0.5 3.1 ± 0.7 

Difference (Observed –Sum) 0.7 ± 0.7 0.3 ± 1.0 

 

The IPCC says that “For 1961 to 2003, thermal expansion accounts for only 23 ± 9% of the 

observed rate of SLR. Miller and Douglas (2004) reached a similar conclusion by computing 

steric sea level change over the past 50 years in three oceanic regions (northeast Pacific, 

northeast Atlantic and western Atlantic); they found it to be too small by about a factor of three 

to account for the observed SLR based on nine tide gauges in these regions. They concluded 

that SLR in the second half of the 20th century was mostly due to water mass added to the 

oceans. However, Table 1 show that the sum of thermal expansion and contributions from land 

ice is smaller by 0.7 ± 0.7 mm yr
–1

 than the observed global average SLR. This is likely to be a 

significant difference. The assessment of Church et al. (2001) could allow this difference to be 

explained by positive anthropogenic terms (especially groundwater mining) but these are 

expected to have been outweighed by negative terms (especially impoundment). We conclude 

that the budget has not yet been closed satisfactorily. 
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Given the large temporal variability in the rate of SLR evaluated from tide gauges (Figure 4), 

the budget is rather problematic on decadal time scales. The thermosteric contribution has 

smaller variability (though still substantial) and there is only moderate temporal correlation 

between the thermosteric rate and the tide gauge rate. The difference between them has to be 

explained by ocean mass change. Because the thermosteric and climate-driven land water 

contributions are negatively correlated, the apparent difference implies contributions during 

some 10-year periods from land ice, the only remaining term, exceeding 2 mm yr–1 (Figure 4). 

Since it is unlikely that the land ice contributions of 1993 to 2003 were exceeded in earlier 

decades, we conclude that the maximum 10-year rates of global SLR are likely overestimated 

from tide gauges, indicating that the estimated variability is excessive. For 1993 to 2003, 

thermal expansion is much larger and land ice contributes 1.2 ± 0.4 mm yr
–1

. These increases 

may partly reflect decadal variability rather than acceleration. The sum is still less than the 

observed trend but the discrepancy of 0.3 ± 1.0 mm yr
–1

 is consistent with zero. It is interesting 

to note that the difference between the observed total and thermal expansion (assumed to be 

due to ocean mass change) is about the same in the two periods. The more satisfactory 

assessment for recent years, during which individual terms are better known and satellite 

altimetry is available, indicates progress since the TAR.” 

2.2.2 “Climate Change 2007: Impacts, Adaptation and Vulnerability” 

 

This report “Climate change 2007: impacts and vulnerability” has the chapter 6 “Coastal 

systems and low-lying areas” which present a global perspective of CC and SLR on coastal and 

adjoining low-lying areas, with an importance on post-2000 insights. The coastal systems are 

considered the interacting with low-lying areas and shallow coastal waters, including their 

human components. This chapter take in account the strong interactions between the natural 

and human sub-systems in the coastal system (Figure 5), and also this chapter talks about an 

integrated perspective of the coastal zone and its management.  
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Figure 5 - Climate change and the coastal system showing the major climate change factors, including 

external marine and terrestrial influences (IPCC, 2007). 

 

Adapting to global CC, however, requires insight into processes at decadal to century scales, at 

which understanding is least developed (de Groot, 1999; Donnelly et al., 2004). 

The IPCC explains that the coastal landforms, affected by short-term perturbations such as 

storms, usually return to their pre-disturbance morphology, implying a simple, morphodynamic 

equilibrium. Many coasts undergo continual adjustment towards a dynamic equilibrium, often 

adopting different „states‟ in response to varying wave energy and sediment supply 

(Woodroffe, 2003). This natural variability of coasts can make it difficult to identify the 

impacts of CC (IPCC, 2007). For example, most beaches worldwide show evidence of recent 

erosion but SLR is not necessarily the primary driver. Erosion can result from other factors, 

such as altered wind patterns (Pirazzoli et al., 2004; Regnauld et al., 2004), offshore 

bathymetric changes (Cooper and Navas, 2004), or reduced fluvial sediment input (IPCC, 

2007).  

The direct impacts of human activities on the coastal zone have been more significant over the 

past century than impacts that can be directly attributed to observe CC (Scavia et al., 2002; 

Lotze et al., 2006). The main direct impacts of human activities according to IPCC (2007) on 

the coastal zone include drainage of coastal wetlands, deforestation and reclamation, discharge 

of sewage, fertilisers and contaminants into coastal waters.  

Extractive activities include sand mining and hydrocarbon production, harvests of fisheries and 

other living resources, introductions of invasive species and construction of seawalls and other 

structures. Engineering structures, such as damming, channelization and diversions of coastal 

waterways, harden the coast, change circulation patterns and alter freshwater, sediment and 
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nutrient delivery, engineering solutions, such as beach nourishment and foredune construction 

(Nordstrom, 2000; Hamm and Stive, 2002). 

 

Coastal erosion is observed on many shorelines around the world, but it usually remains 

unclear to what extent these losses are associated with relative SLR due to subsidence, and 

other human drivers of land loss, and to what extent they result from global warming (Hansom, 

2001; Jackson et al., 2002; Burkett et al., 2005; Wolters et al., 2005). Reduced sea-ice cover 

means a greater potential for wave generation where the coast is exposed (Johannessen et al., 

2002; Forbes, 2005; Kont et al., 2007). Moreover, relative SLR on low-relief, easily eroded, 

shores leads to rapid retreat, accentuated by melting of permafrost that binds coastal sediments, 

warmer ground temperatures, enhanced thaw, and subsidence associated with the melting of 

massive ground ice, as recorded at sites in Arctic Canada (Forbes et al., 2004b;Manson et al., 

2006), northern USA (Smith, 2002b; Lestak et al., 2004) and northern Russia (Koreysha et al., 

2002; Nikiforov et al., 2003; Ogorodov, 2003).  

Global warming poses a threat to coral reefs, particularly any increase in sea surface 

temperature (IPCC, 2007). The synergistic effects of various other pressures, particularly 

human impacts such as over-fishing, appear to be exacerbating the thermal stresses on reef 

systems and, at least on a local scale, exceeding the thresholds beyond which coral is replaced 

by other organisms (Buddemeier et al., 2004). 

Table 2 summarises the range of potential drivers of climate change impacts in coastal zones, 

including the results from Meehl et al. (2007) and Christensen et al. (2007). In most cases there 

will be significant regional variations in the changes, and any impacts will be the result of the 

interaction between these climate change drivers and other drivers of change, leading to diverse 

effects and vulnerabilities (IPCC, 2007). 

 

Table 2 – Climate Drivers (Source: IPCC, 2007) 

Climate driver (trend) Main physical and ecosystem effects on coastal systems 

CO2 concentration (↑) Increased CO2 fertilisation; decreased seawater pH (or „ocean acidification‟) 

negatively impacting coral reefs and other pH sensitive organisms. 

Sea surface temperature (↑, 

R) 

Increased stratification/changed circulation; reduced incidence of sea ice at 

higher latitudes; increased coral bleaching and mortality (see Box 6.1); 

poleward species migration; increased algal blooms 

Sea level (↑, R) Inundation, flood and storm damage (see Box 6.2); erosion; saltwater 

intrusion; rising water tables/impeded drainage; wetland loss (and change). 

Storm intensity (↑, R) Increased extreme water levels and wave heights; increased episodic erosion, 

storm damage, risk of flooding and defence failure (see Box 6.2). 

Storm frequency (?, R) Altered surges and storm waves and hence risk of storm damage and 
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Storm track (?, R) flooding (see Box 6.2). 

Wave climate (?, R) Altered wave conditions, including swell; altered patterns of erosion and 

accretion; re-orientation of beach plan form. 

Run-off (R) Altered flood risk in coastal lowlands; altered water quality/salinity; altered 

fluvial sediment supply; altered circulation and nutrient supply. 

 

In these report “Beaches, rocky shorelines and cliffed coasts” take an account the problem of 

erosion.  

Most of the world‟s sandy shorelines retreated during the past century (Bird, 1985; NRC, 1990; 

Leatherman, 2001; Eurosion, 2004) and SLR is one underlying cause. Studies for the IPCC 

estimate that the annual number of victims of actual coastal erosion or flooding will reach 

158,000 in 2020, while half of Europe‟s coastal wetlands are expected to disappear as a result 

of sea level rise. Coastal squeeze and steepening are also widespread as illustrated along the 

eastern coast of the United Kingdom where 67% of the coastline experienced a landward retreat 

of the low-water mark over the past century (Taylor et al., 2004). An acceleration in SLR will 

widely exacerbate beach erosion around the globe (Brown and McLachlan, 2002), although the 

local response will depend on the total sediment budget (Stive et al., 2002; Cowell et al., 

2003a,b). The widely cited Bruun (1962) model , Komar (1998), Cooper and Pilkey (2004) and 

Davidson-Arnott (2005) says that the application of the Bruun model remains controversial.  

 

As sea-level rises, estuaries and lagoons attempt to maintain equilibrium by raising their bed 

elevation in tandem, and hence potentially act as a major sink of sand which is often derived 

from the open coast (van Goor et al., 2001; van Goor et al., 2003; Stive, 2004). This process 

can potentially cause erosion an order of magnitude or greater than that predicted by the Bruun 

model (Woodworth et al., 2004), implying the potential for major coastal instability due to SLR 

in the vicinity of tidal inlets (IPCC, 2007). Several recent studies indicate that beach protection 

strategies and changes in the behaviour or frequency of storms can be more important than the 

projected acceleration of SLR in determining future beach erosion rates (Ahrendt, 2001; 

Leont‟yev, 2003). Thus there is not a simple relationship between SLR and horizontal 

movement of the shoreline, and sediment budget approaches are most useful to assess beach 

response to CC (Cowell et al., 2006). 

The IPCC mentions the different sensitivity types of beaches. The impacts of accelerated SLR 

on gravel beaches have received less attention than sandy beaches. These systems are 

threatened by SLR (Orford et al., 2001, 2003; Chadwick et al., 2005), even under high 
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accretion rates (Codignotto et al., 2001). The persistence of gravel and cobbleboulder beaches 

will also be influenced by storms, tectonic events and other factors that build and reshape these 

highly dynamic shorelines (Orford et al., 2001). 

 

Since the TAR, monitoring, modelling and process-oriented research have revealed some 

important differences in cliff vulnerability and the mechanics by which groundwater, wave 

climate and other climate factors influence cliff erosion patterns and rates (IPCC, 2007).  

Hard rock cliffs have a relatively high resistance to erosion, while cliffs formed in softer 

lithologies are likely to retreat more rapidly in the future due to increased toe erosion resulting 

from SLR (Cooper and Jay, 2002). Cliff failure and retreat may be amplified in many areas by 

increased precipitation and higher groundwater levels: examples include UK, Argentina and 

France (Hosking and McInnes, 2002; Codignotto, 2004b; Pierre and Lahousse, 2006). 

Hence, four physical features of CC – temperature, precipitation, sea level and wave climate – 

can affect the stability of soft rock cliffs. Soft rock cliff retreat is usually episodic with many 

metres of cliff top retreat occurring locally in a single event, followed by relative quiescence 

for significant periods (Brunsden, 2001; Eurosion, 2004). Considerable progress has been made 

in the long-term prediction of cliff-top, shore profile and plan-shape evolution of soft rock 

coastlines by simulating the relevant physical processes and their interactions (Hall et al., 2002; 

Trenhaile, 2002, 2004).An application of the SCAPE (Soft Cliff and Platform Erosion) model 

(Dickson et al., 2005;Walkden and Hall, 2005) to part of Norfolk, UK has indicated that rates 

of cliff retreat are sensitive to SLR, changes in wave conditions and sediment supply via 

longshore transport. For soft cliff areas with limited beach development, there appears to be a 

simple relationship between long-term cliff retreat and the rate of SLR (Walkden and Dickson, 

2006), allowing useful predictions for planning purposes. 

 

In this report as well takes an account the impacts and consequences of climate change on 

human society at coasts have emerged, since the TAR and have four significant of these 

impacts, consequences of climate change which says:   

- “First, significant regional differences in climate change and local variability of the 

coast, including human development patterns, result in variable impacts and 

adjustments along the coast, with implications for adaptation responses; 
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- Second, human vulnerability to sea-level rise and climate change is strongly influenced 

by the characteristics of socio-economic development. There are large differences in 

coastal impacts when comparing the different SRES worlds which cannot be attributed 

solely to the magnitude of climate change (Nicholls and Lowe, 2006; Nicholls and Tol, 

2006); 

- Third, although the future magnitude of sea-level rise will be reduced by mitigation, the 

long timescales of ocean response mean that it is unclear what coastal impacts are 

avoided and what impacts are simply delayed by the stabilisation of greenhouse gas 

concentration in the atmosphere (Nicholls and Lowe, 2006); 

- Fourth, vulnerability to the impacts of climate change, including the higher socio-

economic burden imposed by present climate-related hazards and disasters, is very 

likely to be greater on coastal communities of developing countries than in developed 

countries due to inequalities in adaptive capacity (Defra, 2004).” 

 

About the freshwater resources IPCC says that the direct influences of sea-level on freshwater 

resources come principally from intrusion into surface waters and coastal aquifers further 

encroachment of saltwater into estuaries and coastal river systems, more extensive coastal 

inundation and higher levels of sea flooding, increases in the landward reach of sea waves and 

storm surges, and new or accelerated coastal erosion (Hay and Mimura, 2005). Identifying 

future coastal zones with stressed freshwater resources is difficult, particularly where there are 

strong seasonal demands, poor or no metering, and theft of water (Hall, 2003). Based on the 

SRES emissions scenarios, it is estimated that the increase in water stress would have a 

significant impact by the 2050s, when the different SRES population scenarios have a clear 

effect (Arnell, 2004). 

 

The chapter 6.6 “Adaptation: practices, options and constraints” mentions the problems of 

interventions of natural and human coastal systems with aim to reduce risks as consequence of 

CC, describe the tools important to adaptation in coastal zones, options for adaptation of coastal 

systems, current and planned adaptation initiatives and the links between coastal adaptation and 

efforts to mitigate climate change are discussed. 

 

IPCC informs about the challenges in adapting to changes in climate and sea level due the 

recent extreme events. One constraint on successful management of climate-related risks to 
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coastal systems is the limited ability to characterise in appropriate detail how these systems, 

and their constituent parts, will respond to climate change drivers and to adaptation initiatives 

(Finkl, 2002). The question of who pays and who benefits from adaptation is another issue of 

concern (IPCC, 2007). Public acceptance of the need for adaptation, and of specific measures, 

also needs to be increased (Neumann et al., 2000). According to IPCC below are the major 

impediments to the success of adaptation in the coastal zone: 

- Lack of dynamic predictions of landform migration;  

- Insufficient or inappropriate shoreline protection measures; 

- Data exchange and integration hampered by divergent information management 

systems;  

- Lack of definition of key indicators and thresholds relevant to coastal managers;  

- Inadequate knowledge of coastal conditions and appropriate management measures;  

- Lack of long-term data for key coastal descriptors;  

- Fragmented and ineffective institutional arrangements and weak governance;  

- Societal resistance to change; 

 

IPCC says that Integrated Coastal Zone Management (ICZM) provides the main opportunity to 

deal with many challenges and issues indentified above. Since it offers advantages over purely 

sectoral approaches, ICZM is widely recognised and promoted as the most appropriate process 

to deal with CC, SLR and other current and long-term coastal challenges (Isobe, 2001; Nicholls 

and Klein, 2005; Harvey, 2006b). ICZM focuses on integrating and balancing multiple 

objectives in the planning process (Christie et al., 2005). Attention is also paid to legal and 

institutional frameworks that support integrative planning on local and national scales (IPCC, 

2007). Different social groups have contrasting, and often conflicting views on the relative 

priorities to be given to development, the environment and social considerations, as well as 

short and long-term perspectives (Visser, 2004). 

 

2.3 European Environment Agency (EEA) 

The EEA is an agency of the European Union, with major information about adopting, 

developing, implementing and evaluating environmental policy, and also the general public. In 

1993 was adopted the regulation establishing the EEA by the European Union (EU). The 
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regulation also established the European environment information and observation network 

(Eionet). Currently, the EEA has 32 member countries. 

The EEA have two main documents about CC in coastal zone: “Impacts of Europe's changing 

climate - 2008 indicator-based assessment” and “Vulnerability and adaptation to climate 

change in Europe”. 

“Impacts of Europe's changing climate - 2008 indicator-based assessment”, relatively at this 

research‟s theme speaks about: the marine biodiversity and ecosystems; water quantity, river 

floods and droughts; Freshwater quality and biodiversity. Also speaks about the aspects, 

consequences of climate change and the projections of sea level according to IPCC. 

 

“Vulnerability and adaptation to climate change in Europe” aims to provide an overview of key 

vulnerabilities to, and ongoing activities for adapting to the impacts of climate change, 

including climate variability and SLR, in EEA member countries. The aim is also to identify 

challenges for CC adaptation strategies and measures in Europe.  

 

According to EEA (Vulnerability and adaptation to climate change in Europe, 2005) one third 

of the EU population is estimated to live within 50 km of the coast. In Denmark, the proportion 

is as high as 100 % and 75 % in the United Kingdom and the Netherlands (Nicholls and Klein, 

2003b). Significantly inhabited coastal areas in countries such as the Netherlands, England, 

Denmark, Germany and Italy are already below normal high-tide levels, and more extensive 

areas are prone to flooding from storm surges (EEA, 2005). Hard defences to prevent such 

flooding and the loss of the seaward edge of coastal habitats, which are due to existing rates of 

sea-level rise, are already causing significant pressures on coasts in many locations (e.g. Rigg 

et al., 1997). Deltaic areas often are particularly threatened because they naturally subside and 

may have been sediment starved by dam construction (e.g. Sanchez-Arcilla et al., 1998). It is 

estimated that 9 % of all European coastal zones (12 % for EU Member States), which can be 

defined as a 10 km strip, lie below a 5 m elevation and are potentially vulnerable to SLR and 

related inundations (EEA, 2005). The most threatened coastal environments within Europe are 

deltas, low-lying coastal plains, islands and barrier islands, beaches, coastal wetlands, and 

estuaries (Beniston et al., 1998; Nicholls and Klein, 2004). 

 

http://www.eea.europa.eu/publications/eea_report_2008_4/pp76-110CC2008_ch5-4to6_Water_quantity_and_quality.pdf
http://www.eea.europa.eu/publications/eea_report_2008_4/pp76-110CC2008_ch5-4to6_Water_quantity_and_quality.pdf
http://www.eea.europa.eu/publications/eea_report_2008_4/pp76-110CC2008_ch5-4to6_Water_quantity_and_quality.pdf
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According to EEA 2005, policies, guidance documents, regulations, and even concrete 

technical adaptation actions have been developed at the EU, national, and sub-national levels 

but some of these measures are not deliberately designed for adaptation to long-term climate 

change impacts; instead, they are developed for addressing short-term extremes. 

At EU level, management action plan and flood prevention is being developed. EU 

Environment Ministers asked the European Commission to table a formal proposal for the 

plan, which will be based on solidarity and will make provision for an early warning 

system, integrated flood basin and flooding management plans and the development of 

flood risk maps. The plan includes a possible future Floods Directive. At national level, 

many northern and western European countries have national flood management policies 

and guidelines. Integrating new information on climate change and its potential impacts, 

such policies and guidelines are being reviewed and adjusted periodically (EEA, 2005). 

According to EEA 2005 adaptation to CC in Europe has been hampered by a combination 

of factors. They include: 

- “significant uncertainties associated with climate and non-climate scenarios 

required for impact, vulnerability and adaptation assessments; 

- gaps in knowledge about the underlying causes of vulnerability and the theory of 

adaptation; 

- lack of policy guidance and institutional support 

- insufficient coordination between sectors and countries”. 
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3  Management of coastal zones 

3.1  Integrated Coastal Zone Management in European Union  

 

The coastal zone is a dynamic area where land and sea meet and interact. In addition to this 

there is the complexity of many different demands from, economic, environmental and 

community sectors and, more often than not, these demands on the coast exist in conflict with 

each other. The Integrated Coastal Zone Management (ICZM) is the process that brings 

together all these sectors, namely those involved in the development, management and use of 

the coast in order to integrate their interests in working towards a common goal. 

Bellow is the definition of ICZM according to the European Commission: "A dynamic, 

continuous process designed to promote sustainable management of coastal zones. ICZM 

seeks, over the long-term, to balance the benefits from protecting, preserving, and restoring 

coastal zones, the benefits from minimizing loss of human life and property, and the benefits 

from public access to and enjoyment of the coastal zone, all within the limits set by natural 

dynamics and carrying capacity." 

 

From 1996 to 1999, the European Commission have developed a Demonstration Programme on 

ICZM designed around a series of 35 demonstration projects and 6 thematic studies. The 

programme was intended to lead to a consensus regarding the measures necessary in order to 

stimulate ICZM in Europe. As a result of this work two documents where published in 2000: 

 

- A Communication "Integrated Coastal Zone Management: A Strategy for Europe" - 

detailing how ICZM will be promoted. 

- A proposed Recommendation concerning the Implementation of Integrated Coastal 

Zone Management in Europe - outlining steps for Members States to take in the 

development of national ICZM strategies. 

 

In 2002, the EU adopted the Recommendation on implementing ICZM in Europe. This asked 

Member States to undertake a stock take of coastal legislation, institutions and stakeholders in 

order to develop national ICZM strategy. 
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The EU ICZM Recommendation calls for a strategic approach to coastal zone planning and 

management in order to achieve sustainable development. The evaluation of the EU ICZM 

Recommendation has shown that the EU ICZM Recommendation has had a positive impact in 

stimulating progress towards a more integrated planning and management of coastal zones in 

Europe. The future EU Maritime Policy and its environmental pillar, the EU Marine Strategy, 

will give new impetus to our ICZM policy and further improve its implementation in the years 

to come (COM nº308, 2007). To support the implementation of ICZM, opportunities are 

offered especially through the Cohesion Policy, the European Fisheries Fund and as part of the 

Research Framework Programme. 

In this context, the current EU ICZM Recommendation remains valid to support the 

implementation of the national strategies and to further ICZM along Europe's coast (COM 

nº308, 2007). 

The Recommendation also established eight principles to be followed in the national 

strategies that had been established on the basis of experiences developed by the 

Demonstration Programme: 

1. “A broad overall perspective (thematic and geographic) which will take into 

account the interdependence and disparity of natural systems and human activities 

with an impact on coastal areas; 

2. A long-term perspective which will take into account the precautionary principle 

and the needs of present and future generations; 

3. Adaptive management during a gradual process which will facilitate adjustment as 

problems and knowledge develop. This implies the need for a sound scientific basis 

concerning the evolution of the coastal zone; 

4. Local specificity and the great diversity of European coastal zones, which will 

make it possible to respond to their practical needs with specific solutions and 

flexible measures; 
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5. Working with natural processes and respecting the carrying capacity of ecosystems, 

which will make human activities more environmentally friendly, socially 

responsible and economically sound in the long run; 

6. Involving all the parties concerned (economic and social partners, the organisations 

representing coastal zone residents, nongovernmental organisations and the 

business sector) in the management process, for example by means of agreements 

and based on shared responsibility; 

7. Support and involvement of relevant administrative bodies at, regional and local 

level between which appropriate links should be established or maintained with the 

aim of improved coordination of the various existing policies. Partnership with and 

between regional and local authorities should apply when appropriate; 

8. Use of a combination of instruments designed to facilitate coherence between 

sectoral policy objectives and coherence between planning and management.” 

Below informs the different coastal management documents for each country (Wales and 

Portugal). 

3.2 Wales 

Jurisdiction for coastal and marine issues is the responsibility of a wide range of organisations. 

The principal agencies and their main responsibilities are given in Table 3 in relation to 

relevant activities in the 'coastal zone'. Note well these are not exhaustive but are provided to 

give an indication of the range of responsibilities. 

 

 

 



Rute Alves 

Universidade de Aveiro, Portugal 

Table 3 – Principal agencies and their main responsibilities 

 

200 miles 12 miles 6 miles 3 miles LWM HWM 

      

Local Authority (Planning control, coast protection, oil pollution to MLW, recreation, site management)  

      

Environment Agency (Water quality, flood defence)  

      

Department of Transport and the Regions (Coastal policy co-ordination, aggregate extraction)  

      

Department of Trade and Industry (off shore oil and gas licensing ) 

      

English Nature (Nature conservation objectives including SAC's)  

      

The Ministry of Agriculture, Fisheries and Food (Grant aid for coast protection and flood defence)  

      

The Ministry of Agriculture, Fisheries and Food (Fisheries management) 

      

European Commission (Common fisheries policy, water quality, habitats directive) 

 

For the management of coastal zone there are several of organisations with responsibility 

or interest. To improve the integration of management processes in different coastal zones 

the Government published a Strategy for promoting an integrated approach, in January 

2009. According to Department of Environment, Food and Rural affairs (DEFRA, 2009) 

the strategy has the Government‟s objectives, visions for the process of coastal 

management, also explains how the Marine and Coastal Access Bill and other work across 

Government Departments will contribute to coastal integration, while setting out a series of 

further actions we are committed to taking forward . In Wales, overall policy responsibility 

for coastal flood and erosion risk management remains with the welsh Assembly 

Government, with the Environment Agency Wales and local authorities carrying out works 

on the ground and developing Shoreline Management Plans (DEFRA, 2009). Shoreline 

management plans (SMPs) are developed through consultation with local communities and 

are based on the best available science on climate change and understanding of coastal 

processes (DEFRA, 2009). In the 1990s the first generation of SMPs was completed, then 
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with a review of weakness and strengths and full consultation, was updated and published 

the guidance on SMPs in 2001.This guidance concluded that the first generation SMPs 

were excellent high-level strategic documents but that further research was needed into 

how the coast would evolve (DEFRA, 2009). Work is now underway on the second 

generation of SMPs, which should be completed by December 2010. 

3.2.1 ICZM strategy 

The Welsh Assembly Government in March 2007 produced “Making the Most of Wales‟ Coast 

- the Integrated Coastal Zone Management Strategy for Wales”. The report provides an 

overview for the development of actions that will bring together the coastal policies and 

activities in Wales. Also outlines the values of ICZM including the 8 principles described in the 

EU Recommendation on ICZM and put in practice in Wales and outlines the issues that Wales 

coast faces from tourism and fisheries to conservation and climate change and sets out how the 

ICZM should do to address these. 

The definition of an ICZM in this report “is a process which brings together all those involved 

in the development, management and use of the coast to help ensure future management takes 

place in an integrated and informed way. In essence, ICZM is about the sustainable 

management of the coastal zone.” (Making the Most of Wales‟ Coast - the Integrated Coastal 

Zone Management Strategy for Wales, 2007)  

This report refers to the Wales National Strategy, which “aims to provide a management 

framework to facilitate integrated working on the coast by the different interests involved in 

managing our coastal assets – with the aim of helping them ensure that these assets are 

maintained and enhanced for the benefit of present and future generations. It also sets out the 

links that must be made between diverse national and local policies and strategies so that the 

people involved in managing and using the coast can do so in a way that takes into account the 

needs of others. It is not, however, a „master plan‟ for development on the coast.” 

Making the Most of Wales‟ Coast - the Integrated Coastal Zone Management Strategy for 

Wales refers to climate change. 

In the UK there is a programme “UK Climate Change Impact Programme (UKCIP)” which has 

modelled several of scenarios on different emission projections. In general terms the model 

suggests that Wales can expect: an increase in the number of hot and dry summers and an 
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increase in the number of extremely hot days; an increase in winter rainfall; hotter average 

temperatures; milder winters and a reduction in snowfall; and a longer growing season. 

2004 Foresight Report forecast informs that by 2080 the general risk of coastal flooding could 

increase between 2 and 20 times and estimates indicate some 39,000 properties may be at risk 

from coastal flooding. Making the Most of Wales‟ Coast says that the low lying, urbanised 

coasts and estuaries of South and North East Wales are most at risk from coastal flooding and 

the rate of coastal erosion could also increase in future if Wales does see an increase in stormy 

weather due to climate change. To resolve this is necessary to depart from the traditional 

approach of building defences and turning over more of a risk management. Streamlining of the 

existing flood defence arrangements in Wales reflects this, with the establishment of Flood 

Risk Management Wales to provide the focus for risk management in the future (Making the 

Most of Wales‟ Coast - the Integrated Coastal Zone Management Strategy for Wales, 2007). 

The recent publication by the National Trust of „Shifting Shores – living with a changing 

coastline‟ vividly illustrates the potential impacts of CC on the natural, cultural and historic 

heritage of Wales (Making the Most of Wales‟ Coast - the Integrated Coastal Zone 

Management Strategy for Wales, 2007). 

A range of organisations is involved in the management of Wales‟ coastal resources. As 

National Assembly for Wales has a range of powers which include the licensing of the Welsh 

fishing fleet and quota management; licensing of disposal of material at sea; water quality; 

flood and coast protection policy; nature conservation designations; licensing aggregates 

dredging; and for setting the national planning policy framework including Planning Policy 

Wales and Technical Advice Notes on issues like coastal planning. 

Other agencies in Wales also have legislative powers and/or programmes of work specific to 

the Welsh coast are the Environment Agency Wales, the Countryside Council for Wales and 

the National Trust. 

 

3.2.2 Planning Policy Wales (PPW) 

 

PPW sets out the land use planning policies of the Welsh Assembly Government. 

 

According the PPW (2002) the Assembly Government‟s objectives for the coast are to: 
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- “recognise the importance of the coast for conservation of the natural and historic 

environment; 

- recognise the importance of the coast for urban and rural development, including 

housing, local industry and agriculture; and 

- recognise the importance of the coast for tourism, leisure and recreation.”. 

 

It is possible to verify that any of these objectives focuses on CC in coastal zone directly. 

 

In Wales, every local planning authority must prepare a Unitary Development Plan (UDP) for 

its area. The plan will be the UDP for each county council or county borough council and each 

National Park authority (PPW, 2002). These local planning authorities must apply specific 

policies that reflect the characteristics of their coastlines as physical, biological, land use and 

also the likely effects of climate change. 

In preparing their UDPs is expected that the local planning authorities take into account other 

plans and policies, with implications for the coastal zone. According to PPW (2002) they will 

need to consider landward pressures (include major developments on the coast, port and 

harbour works, leisure and recreational facilities, wind power generation or coastal defences) 

and seaward pressures (include waste disposal, sea fishing, increased leisure sailing, dredging 

of navigable channels, water sports and bathing, marine aggregates extraction or tidal and wave 

power generation) - and the impacts of these pressures - on coastal systems.  

In considering applications for planning permission for new coastal defence works, local 

planning authorities should take into account all potential environmental effects, both on and 

off-shore, and information contained in shoreline management plans (PPW, 2002). 

PPW speaks also about flood risk and CC. The objectives of the Assembly Government to 

sustainable development requires action through a planning system to depart from the flood 

defence and mitigation of consequences of new development in areas of flood risk for a more 

positive avoidance development in areas defined as being at risk of flooding. Planning 

authorities should therefore adopt a precautionary approach when considering planning 

applications, and when formulating UDP policies on development and flood risk. In this 

context, the precautionary principle should be applied on the basis that climate change is likely 
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to increase the risk of coastal and river flooding as a result of sea-level rise and more intense 

rainfall (PPW, 2002). 

 

Local planning authorities when they are preparing their UDPs, they should consult with the 

Environment Agency and adjacent authorities and to ensure that, as well as not being at risk 

itself, development does not increase the risk of flooding elsewhere. When drawing up policies 

and proposals for their area local planning authorities must acknowledge that government 

resources for flood and coastal defence projects are directed at protecting „existing‟ 

developments and are not available to provide defences in anticipation of future development 

(PPW, 2002). Therefore a sustainable approach to flooding will involve the avoidance of 

development in flood hazard areas and where possible or practical the encouragement of 

managed retreat, the creation of washlands and flood plain restoration. 

PPW (2002) says that local planning authorities should recognise that it will be inappropriate to 

locate certain types of development such as hospitals, schools, residential development and 

emergency services within some areas defined as being of high flood hazard. In such areas, 

local planning authorities should ensure that only appropriate land allocations are made during 

the preparation of UDPs (PPW, 2002). 

The Environment Agency has a key role in advising and helping planning authorities and 

developers to understand the effects of flooding within a river catchment and useful advice is 

contained in relevant catchment management plans and Local Environmental Action Plans 

(LEAPs). The Environment Agency has developed a policy entitled Policy and Practice for the 

Protection of Floodplains which aims to assist local planning authorities in their control of 

development (PPW, 2002).  

Concludes that Wales takes into account the CC in coastal zone, but should have a document in 

Wales just for CC in coastal zones. 

3.3 Portugal 

3.3.1 National Strategy for ICZM (NSICZM) 

 

The Portuguese National Strategy for Integrated Coastal Zone Management (NSICZM) was 

published by the Resolution of the Council of Ministers n. º. 82/2009 of 8th September 

establishes the strategic reference framework for the global management, integrated and 

participatory of coastal zone, to ensure sustainability conditions for its development. 
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The ICZM search reconcile the different policies with impact in the coastal zone in accordance 

with a framework of reference to facilitate the balancing of interests and coordination of 

interventions, all who are responsible and are involved in the use, planning, management and 

development of these areas. 

On NSICZM we have a number of factors that reflect the reality of the coastal zone on the 

national territory, in which there are two that stand out by CC in coastal zones: 

-  “The susceptibility of erosion, climate change, including the sea-level rise, the storms 

and extreme weather situations; 

- The lack of systematic data and inadequate monitoring, limiting the knowledge of the 

main dynamics and their effects on the coastal zone, which has an impact on the 

management model and may affect decision-making”. 

This last point does not mention CC in coastal zones directly, but it is important to talk about 

this, because with the lack of systematic data monitoring and inadequate monitoring this limit 

the knowledge or the effects of climate change on coastal zones, in other words, there is 

shortage of information and knowledge in these areas.  

 

The NSICZM must ensure coordination with a number of international conventions and of 

Community and national guidelines that serve as guidelines. 

Some examples of guidelines to the national level are National Spatial Planning policy 

Programme (NSPPP), National Strategy for Sustainable Development (NSSD), Coastal Zone 

Management Plan (CZMP). As we see, for the management of coastal zones is necessary to 

link all these plans. 

 

In chapter 3 "coastal zone" described are some of the risks that the coastal zone is subject. One 

of the risks specifies the coastal erosion due to CC: 

“Coastal erosion in close relationship with the SLR and the phenomena of storm surge as a 

result of ocean thermal expansion and global warming, which results in increased frequency of 

episodes of erosion, the largest duration of river floods and also the migration into the coastal 

zone. “ 

In the strategy there is a definition of risks: 
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“The risks that threaten the coastal zone, including the results of CC and the increasing 

anthropogenic pressure, require the adoption of sustainable measures, preventing or reducing 

the negative impact of natural phenomena and to promote appropriate models of use of coastal 

resources and of land use, aiming at the same time improving the quality of life of human 

communities. “ 

 

Chapter 4 states that NSICZM have as a vision according of EU to achieve in 2029: 

“A coastal developed harmoniously and sustainably based on a systemic approach and use their 

resources and values of identity, supported in scientific knowledge and operating under a model 

that integrates institutions, coordinates policies and instruments and ensure the participation of 

different actors involved”. 

One of the points speaks about the consequences of the CC an indirect way associated with 

SLR: 

“A coastal safe and public, combining harmoniously the use and enjoyment of public and 

human occupation in the preventive management of risks, including erosion, especially in areas 

threatened by the rise SLR.” 

In order to reach the vision, is once again highlighted the need for knowledge of coastal zones. 

To allow for a conscious management of these areas, this should be based on knowledge of 

processes and impacts, using science and technology as a means of decision support (Soukiazes 

2009). 

The NSICZM is a strategy for 20 years, which means that its periodic assessment is critical to 

the proposed vision for 2029 to be achieved. 

Chapter 7, one of the points “Objectives and measures” refers the vision and strategic options 

for the NSICZM. The following objective takes into account the CC: 

 “Anticipate, prevent and manage situations of risk and impacts of environmental, social and 

economic”. 
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This phrase refers to the extreme phenomena such as coastal erosion and the advance of the sea 

which is one of the effects of CC; this affects the areas of edification and for the people living 

in these areas. In this context, it is necessary to have a safe and public coastal zone which is one 

of the fundamental dimensions of NSICZM, in which should combine in a harmonious human 

settlement with the preventive management of risks. 

Within this objective are the following specific measures: 

- “Identify and characterize the risk and vulnerable areas and safeguard mechanisms;”  

This measure says that is necessary to protect the coastal zone and aims to reduce and prevent 

risks such as those posed by CC, erosion and rising SLR. 

- “(Re) assess the need of hard coastal defences through the application of multi-criteria 

models; 

The coastal defence is a management measure for erosion, in which this measure can be 

considered an indirect measure for the management of CC. 

- “Incorporating the contingency plans of the special risks of the coastal zone” 

This may be an indirect measure for the management of CC, such as is necessary to incorporate 

plans for erosion and the advance of the sea due to these. 

The next objective is "Enhancing scientific knowledge about the systems, ecosystems and 

coastal landscapes." 

In this objective it is said that only scientific knowledge can provide basic data to support 

decision-making, enabling better management of the coastal zone, therefore, the NSICZM bet a 

set of options: 

“(i) The promotion and encouragement of research to a more rigorous understanding of coastal 

processes, systems and ecosystems and forms of occupation of the coastal territory; 

(ii) The promotion and scientific assessment of the different impacts of CC on various systems 

and coastal ecosystems and their applications in land coast. " 

This objective has the following measure for: 
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- “Building the knowledge of  I&D for the coastal zone; 

- Ensure one adequate technical training to the demands of integrated coastal zone.” 

 

These measures shows the importance of promoting a program directed to development for CC, 

major impacts and ways of prevention and adaptation. 

 

The Objective 7 “To develop mechanisms and networks for monitoring and observation” 

speaks about the rise in average SLR that is a reference to the CC. Monitoring the response to 

this increase is essential for developing the options to take in these areas. 

This objective has the following measure: 

- "Develop a national program for monitoring of coastal systems, biotic communities and 

environmental quality. 

The Governance Model is a model proposed by NSICZM which takes into account the 

appreciation of the scientific and technical knowledge, which is a key element of support for a 

broad process of monitoring the dynamics of evolution and the impacts that are felt in the 

coastal zone and identification of risks that occur on these areas. 

 

For the proposed measures for the implementation of NSICZM are presented with the entities 

responsible for the implementation of the measure. The measures have goals in which they 

have their completion time. There is not none direct link between National Program on Climate 

Change (NPCC) and NSICZM, which has no relationship between the control and decrease gas 

emissions which cause the CC to the management for the coveted national coastal zone. 

NSICZM does not have any specific chapter to the issue of management at AC, but there are 

concrete measures that do take into account, and others that take these into account indirectly. 

 

3.3.2 National Spatial Planning Policy Programme (NSPPP) 

 

The NSPPP, adopted by Parliament in July 2007, sets the framework for integrated spatial 

development and for territorial cohesion, through the coordination of policies with relevant 
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territorial impacts, the rationalisation of settlement patterns and infrastructure networks and 

more efficient use of territorial resources. 

This spatial planning programme includes two documents, a Report and an Action Programme.  

The Report is organized in fourth chapters: 

1. Relates Portugal in the context of the world, European Union, and the Iberian peninsula; 

2. Characterization of conditions, issues, trends and scenarios for territorial development 

of the country; 

3. Presents the strategic diagnosis of the various regions and their main territorial subunits; 

4. Portugal 2025: strategy and territorial framework with the demographic and economic 

framework, the country we want (vision, aims and directions) and territorial framework 

– The new map of Portugal. 

The Action Programme follows three chapters: 

1. General guidelines; 

2. Policies programme for acting with 6 strategic objectives, 36 specific objectives and 

197 measures; 

3. Guidelines for spatial planning instruments. 

 

The report identifies twenty-four major problems facing Portugal in the territory planning 

grouping into six areas.  

 

In this list is highlighting an area for which the risk situations are related to the impacts of CC: 

“a) natural resources and risk management 

 

1. Degradation of the soil and desertification risks, aggravated by extreme weather (dry 

and storms) and the dimension of forest fires; 

2. Degradation of water quality and poor management of water resources; 

3. Insufficient development of planning instruments and management of areas classified in 

the Network Key of Nature Conservation; 
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4. Inadequate consideration of risks in the activities of occupation and transformation of 

the territory, with particular emphasis on the earthquakes, forest fires, floods and 

erosion in coastal zones”. 

 

The diagnosis strategic of several regions in Portugal, presented in the report, present the lines 

of strategic more relevant to enhance the specificity and development opportunities of each 

context of regional and sub regional levels and, correspondingly, to enhance the sustainability, 

cohesion and competitiveness of the country as a whole. The following regions which are 

presented address the issue of adaptation in coastal zone through the prevention and protection, 

but never speak on CC. 

 

 “Centre Region - Territorial Strategic Options 

Protect and enhance the coast and put in order urban dynamics in these areas; 

 Centre coast - options for the development of the territory 

Promote the recovery of integrated coastal resources and manage urban tourist pressure 

on the coastal zone to ensure the sustainable exploitation of natural resources, the 

qualification of the landscape and the appropriate risk prevention; 

 Algarve region - Territorial Strategic Options 

Ensure the planning and ICZM, with particular reference to the protection of coastal 

coasts and areas more important to the regional ecological network”. 

 

The only direct reference to guidelines for management of climate change is at the point of 

prevention and mitigation which says: 

“The geographical location, geological features and climate in Portugal, in the territories on the 

mainland and island regions, taking into account, the current context of CC, require a 

monitoring and preventive management of various natural hazards or anthropogenic”. 

This phrase does not refer to coastal zones directly. 
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In the Action Programme of NSPPP set specific objectives that in 1.1 “Develop systems of 

knowledge and information on the environment and natural resources”, states the following 

priority measure: 

“7. Implement data collection to assess and monitor coastal physiographic, particularly those 

areas at risk from coastal erosion, and support options for these areas and plans of action 

necessary for adequate protection, prevention and relief (2007-2013)”. 

This measure refers to the monitoring and evaluation of coastal zones although indirect to the 

adaptation of CC. 

 

In this chapter has a paragraph 1.6 “to define and implement a policy of land management and 

ICZM in its land and maritime components”, in drawing up the following priority actions: 

 

1. “Develop and implement a strategy for integrated coastal zone national level, in 

conjunction, in particular, with the NPCC (2007-2013); 

2. Define the legal basis for coastal zone management  in conjunction with plans for 

coastal planning and legislation relating to water and water resources which included 

aspects related to the construction and operation of dams, which ensure the 

preservation, protection and coherent planning of this area (2007-2008); 

3. Develop and implement CZMP, including identification and assessment of risk and 

physical conditions of the territory and adequacy to the options of planning and 

conservation of resources contained in such instruments of territorial management 

(2007-2013); 

4. Evaluate the situations of occupation of the maritime public domain which is 

incompatible with the applicable legislation, replacing its legality, and define a " coast 

buffer area” to protect the coastal zone in the continental territory, progressively free of 

fixed structures (2007-2010); 

5. Develop, regulate and implement the Estuaries Management Plan in the continental 

territory together with watershed management plans and with CZMP”. 

 

With these measures is possible to see the importance given to the relation between the NSPPP, 

NSICZM, the NPCC and CZMP. The adaptation comes with further references to preservation, 



Rute Alves 

Universidade de Aveiro, Portugal 

water resources, construction and more specifically the dams. Another adaptation measure is 

the creation of “space coast buffer” with aim of protecting coastal zones and also the 

implementation the Estuaries Management plan, as the estuaries are the first areas affected by 

CC. But again these measures don‟t refer to the impact of CC.  

 

The NSPPP do not give sufficient development as determining factor for the planning, and the 

problem of adaptation on the impacts of CC on coastal zones. CC is emerging in this document 

closely interconnected at national strategy for the energy that is dedicated to mitigation, with 

betting on renewable energy and energy efficiency. 

Not considered the problems related to the rise in average water and NSPPP do not refer to the 

need for adaptation to climate change. The linkage between the NSPPP with the NPCC, is 

based simply on the prevention and mitigation (Soukiazes, 2009). 

 

3.3.3 National Strategy for Sustainable Development (NSSD) 

 

The NSSD 2015 was approved by the Council of Ministers Resolution nº. 109/2007 of 20th 

August. 

This National Strategy is an instrument of strategic guidance for the horizon 2015. This 

consists of a coordinated set of actions that, starting from current situation in Portugal, with the 

weaknesses and potential, allowing a horizon of 12 years to ensure a rapid economic growth 

and vigorous, a greater social cohesion, and a high and growing level of protection and 

enhancement of environment. The harsh reality means acknowledging that national will only be 

effective growth and convergence in the European context if Portugal adopts overall strategy 

for sustainable development. 

The Vision informs that the NSSD is to: 

“Making Portugal in 2015, one of the most competitive countries of the European Union within 

a framework of environmental, quality, social cohesion and responsibility”. 

The Vision can only be achieved if pursued the following set of six objectives: 

1. Prepare Portugal to a "knowledge society”; 



Aspects of climate change, consequences and management in the coastal zone 

 

39 

 

2. Sustained Growth, Competitiveness at the Global Scale and  Efficiency energetic; 

3. Better Environment and Valuing heritage; 

4. More Equity, Equal Opportunities and Social Cohesion; 

5. Best international connectivity in the country and Balanced Spatial Planning  

6. An active role of Portugal in European construction and international cooperation; 

7. A public administration more efficient and modernized. 

 

For each of these seven goals are presented: 

- The Strategic Priorities - correspond to areas where it intends to concentrate the actions 

to achieve each objective; 

- The Strategic Vectors - represent the priority directions of action in each of the strategic 

priorities, which were considered crucial to obtain the desired transformations; 

- Targets - identify, in quantitative terms, the main results that expect to achieve as a 

result of implementation of the strategic vectors. 

 

The NSSD is accompanied by the relevant Plan of Implementation of National Strategy of 

Sustainable Development (PINSSD), which provides the public measures to be implemented, 

for each of the 7 strategic goals, according to the priorities and vectors defined. 

 

The report informs the problems of erosion in the coastal zone associated at climate change: 

 

- “Portugal has an extensive coastline, where there are high levels of erosion, which 

rigorous explanation requires of further study and permanent monitoring, and which 

relate to anthropogenic causes (pressures of tourism and construction, reduced sediment 

deposition due to the change of the flow in rivers heavily intervened by hydraulic) and 

possibly as profound global change, linked to CC; CZMP have faced strong resistance 

by local authorities and some private interests, especially real estate and tourism, the 

risks of rising sea levels, linked to climate change have put an integrated intervention on 

the coastline”. 

 

The NSSD identifies seven challenges that embody sustainability, being considered the most 

important in this change of path (“Portugal faces the challenges of sustainability: a new 
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dynamic”).One of the challenges, “Protect value and the Strategic Dimensions of the 

Territories” has the following adaptation: 

 

- “Sort territories taking into account the higher risks that may arise from CC, particularly 

in countries such as Portugal, organized around its coastal zones”. 

 

NSSD states that:  

 

- “Prepare Portugal through an adequate territorial distribution of activities and various 

investments. These can range from prevention to mitigation of impacts, for to the 

natural and technological hazards, typical of modern techno-scientific societies, since 

the risk of earthquakes, forest fires, accidents industrial, road accidents and, in 

particular, the identification and preparation in the coastal zones most threatened by the 

possible catastrophic consequences of CC”. 

 

The NSSD define strategic vectors with their respective guidelines, one of them “Organization 

of the society to address risks natural and anthropogenic”, has the follow guideline: 

- “Sort the coastal territory in order to anticipate possible risks associated with the causes 

of erosion, preventing or mitigating the possible impacts of CC”. 

 

Another strategic objective located in vector "Integrated Management of Water to achieve good 

status of water bodies and Efficient Use of Water” has the follow point: 

- “3. Investment in infrastructure for the use of alternative water sources (recycling, 

wastewater reuse and desalination), where possible using renewable energy to meet the 

needs of the water in regions with greater pressure on water resources, particularly 

coastal zones”. 

 

Not directly related to CC, but the issue of water management in coastal zones is linked to 

these, so it can be considered an indirect measure for the management of coastal zone for CC. 
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In Vector "Minimize the risk situations in the most vulnerable coastal zones" are developed 

specific measures to adapt, although only the point 7 is clear that are due to CC: 

 

“5. Partaking in investment in enhanced protection of coastal areas of greatest vulnerability and 

risk, with close association with the reorganization of its use, including the cost-benefit 

analysis.” 

 

“6. Implementation of a system of adaptive management and forecasting of the coastal zone 

based in mechanisms for evaluating the dynamics in order to safeguard the vulnerable areas and 

risk”. 

“7. Release preparatory works to define the best options for protection of urban areas located in 

estuaries more in risk from rising sea waters as a result of CC”. 

 

In Vector "Development of an integrated management strategy and coordinated national coastal 

zone" include: 

 

“5. Implementation of planned actions and investments in coastal protection, retraining and 

environmental enhancement provided in the Spatial Planning of the Coastline”.  

 

6. Interventions and investments of qualification in the coastal zone and development activities 

and specific uses, including conservation and exploitation of resources and natural heritage and 

landscape, sustainability and diversification of functions that there coexist and improving the 

quality of life of the people. 

 

7. Promotion of technical and scientific knowledge of processes and phenomena that occur on 

the coastline and influence its state of conservation and quality, focusing on multidisciplinary 

projects. 

 

8. Monitoring and continuous assessment and integrated physical condition of the land and its 

suitability to the options the safeguarding of resources set out in instruments of territorial 

management focusing on coastal zone. 
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These measures are targeted to the ICZM and can also be classified adaptation measures, but 

more one time, it isn‟t specified that are measured at a CC adaptation. 

 

In conclusion, the NSSD develops some adaptation to the CC in coastal zones.  

PINSSD presents measures of adaptation to CC in coastal zone in an indirect manner. Also the 

measures are presented in a generic way and don‟t have any reference to the completion time 

for implementation and resources needed for its materialization. 

 

3.3.4 National Program on Climate Change (NPCC) 

 

The NPCC approved by Resolution of the Council of Ministers nº. 104/2006 of 23th of August 

is the first national program which includes a set of policies and measures in various sectors of 

the Portuguese economy which will lead, in the period 2008 to 2012, a emissions control of 

greenhouse gases (GHGs) in order to converge to the national obligations of the Kyoto 

Protocol. 

They are identified by NPCC in the 2006, policies and measures for sectors with most weight 

on GHG emissions: energy, agriculture, livestock, forestry and waste. With the NPCC will 

enhance the role of policies and measures in sectors not covered by the Trade European 

Emissions Trading Scheme (TEETS), such as transport and residential sector.  

NPCC in 2006, policies and measures are organized in two types: policies and measures of 

reference, taking into account the reference scenario and impact in reducing GHG emissions, 

adopted by 1 January 2005, and policies and additional measures, including those adopted after 

that date. In January 2007 have been revised upwards some of the goals of this program, 

particularly in energy and transport, and was approved by Resolution of Council of Ministers 

number 1 / 2008, 4 January. Thus, the potential emission reduction represents about 12.6 Mton 

CO2eq/ano, of which 7.3 Mton CO2eq/ano come from policies and measures included in the 

reference scenario, 3.7 Mton CO2eq/ano measures additional and 1.6 Mton CO2eq/ano the new 

targets of 2007. Note that there are measures of the NPCC, such as for energy (eg. promotion of 

renewable sources and reducing losses in the network) and industry, as reflected in the TEETS. 

According to forecasts, the implementation of additional measures of the NPCC in 2006 under 

the TEETS will generate emission reductions on the order of 1 Mton CO2eq/ano and new goals 

for 2007, 0.9 Mton CO2eq/ano (MAOTDR, 2008) . 
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Therefore, the NPCC focuses on the objective of mitigating GHG emissions and has no 

management measures to the CC. The Program makes no reference to the fact that most of the 

industries emitting greenhouse gases, to be located in the coastal zone and is therefore 

vulnerable. 
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4 Comparative study (between south Wales and centre Portugal) 

4.1 Characterization of Wales 

 

4.1.1 Biophysical  

 

The South Wales, UK coastline (Figure 6) includes Gower and the Glamorgan Heritage Coast 

(GHC), and these areas comprised the Welsh study.  

 

 

Figure 6 - Location of beaches: 1 Rhossili, 2 Port Eynon, 3 Horton, 4 Oxwich, 5 Caswell, 6 Langland, 7 

Swansea Bay, 8 Aberafan, 9 Rest Bay, 10 Coney Beach, 11 Ogmore-by-Sea, 12 Southerndown, 13 

Llantwit Major, 14 Barry Island (Source: Phillips et al. 2007) 

 

They are located in Bristol Chanel/Severn Estuary, which has the second highest tidal range in 

the world, 16.4m at Avonmouth, Bristol. Along the Gower coastline it has a mean spring tidal 

range of 8.3m, rising to a mean of 9.5m along the GHC (SBCEG, 1999). Gower‟s geology and 

mild climate created diverse habitats and spectacular views leading to its designation in 1956, 

as the UK‟s first Area of Outstanding Natural Beauty (AONB). It has four National Nature 

Reserves (NNRs), 17 Local Nature Reserves (LNRs), an internationally important RAMSAR 

site, 27 Sites of Special Scientific Interest (SSSIs) and 55 ha of Heritage Coast (Bridges, 1997). 

In addition, a proportion of the south Gower coastline and offshore waters are within the 
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Carmarthen Bay Marine Special Area of Conservation (SAC) (Phillips, 2008). Although the 

Gower Peninsula is predominantly carboniferous limestone and is generally resistant to erosion, 

there are a number of beaches that overlie rock platforms and are subject to change. Some of 

these beaches are naturally volatile being exposed to the southwest and as such, the worst of the 

storm surges. Natural processes of sediment movement cause erosion and accretion along this 

coastline in a complex and sometimes unpredictable manner (Bullen, 1993). 

The Gower beaches (Rhossili, Port Eynon, Horton, Oxwich and Caswell) and Langland are 

popular, offering tourists the opportunity to relax in natural surroundings, while being in close 

proximity to the city of Swansea (Phillips and House, 2009). 

 

Rhossili is located at the most western part of the Gower Peninsula. It comprises approximately 

5km of sandy beach with a dune system on the northern limits and the towering cliffs and this 

makes it a popular destination throughout the year with surfers, paragliders and ramblers. 

However, it still manages to maintain its tranquillity and unspoilt beauty as it is isolated from 

urban centres. Hang gliding is popular since the hinterland is approximately 90m above sea 

level with breathtaking views of the Gower Peninsula. 

 

Figure 7 – Rhossili beach  

 

Port Eynon is the most southerly point on Gower, has approximately 1km of sandy foreshore 

with a sand dune hinterland and is popular for water sports, boating, sea and sun bathing, sub 

aqua, sea/shore angling. To the west, there is a designated nature reserve and it was awarded 

Blue Flag status (FEE, 2007) in 2004 (Phillips, 2008). The coastline is hard rock shore, 

artificial defences and dunes. This beach is used for tourism and by local residents. 
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Figure 8 - Port Eynon beach  

 

Horton is located in the east of Port Eynon and these beaches form either side of Port Eynon 

Bay. The beach at Horton is mainly composed of pebbles and has a rural hinterland. The 

coastline is exposed to the predominant southwestly storms and comprises erosion resistant 

limestone. Land use here is mostly agricultural with natural assets, and the specific shoreline 

interests are walking, appreciation of landscape value and environment. Furthermore, Horton 

does not have a car park which although a negative visual impact, its absence probably 

discourages some people from visiting. This indicates that anthropogenic activity and intrusion 

has had minimal impact on scenic quality. 

 

Figure 9 – Horton beach  

Oxwich is an approximately 4km long sandy beach and its hinterland comprises sand dunes, 

saltmarshes and climax woodland. The beach is wide at low tide and has nature conservation 

and geological designations. It has good amenities and a large car park which backs onto the 

beach (Phillips and House, 2009). The coastal fringe is a mixture of dunes, hard rock shore and 

a short section of seawall. This is a tourist beach with an important conservation area and 

specific shoreline interests are sea bathing, sub aqua, surfing, windsurfing, sea/shore angling, 
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boating and water skiing. It was recently voted by travel writers as the best beach in the UK 

and seventh in the world (BBC, 2008), although the basis of measurement is uncertain.   

 

Figure 10 – Oxwich beach  

 

Caswell is a popular beach primarily due to easy access and on-site amenities. The area is used 

by climbers due to the variety of rock formations and the beach, which was first awarded Blue 

Flag status in 2002, is especially popular with surfers (Phillips and House, 2009). 

 

Figure 11 – Caswell  

 

Langland is a sandy beach popular for swimming, surfing and canoeing and has two easily 

accessible car parks. It has the traditional UK beach huts (Figure 12) and was also awarded 

Blue Flag status in 2002 (Phillips and House, 2009). The geology of this beach comprises 

Limestone of the Lower Carboniferous which forms the coastal cliffs. Drift comprises sand 

with parts of the upper foreshore containing limestone shingle and cobbles from local cliffs. 
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Figure 12 – Langland beach  

To the east, the beaches of Swansea, Aberavon and Porthcawl (Rest Bay and Coney Beach) 

were fashionable in the 1950‟s and 1960‟s but popularity has declined through the years and 

this corresponds with an apparent steady decline of quality (Williams et al., 2008).  

 

Swansea is an urban beach, approximately 4 km long and the shoreline is largely defined by 

walls and a developed city hinterland. 

 

Figure 13 – Swansea beach  

 

Aberavon is located on the north eastern edge of Swansea Bay in Port Talbot, is a recreation 

beach (Figure 14) with a long seawall/revetment and long promenade (approximately 2.5km).  
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Figure 14 – Aberavon beach (Phillips, 2008) 

 

Figure 15 - Aberavon Beach (Phillips, 2008) 

It has a high degree of exposure with a spring tidal range of 8.4m and coal waste is often found 

on the beach, brought ashore by wave action (SBCEG, 1999). At low water there is a wide 

sandy beach on which a number of water related activities take place, such as sea bathing, wind 

and wave surfing, jet skiing and angling (MCS, 2008). There is a Royal National Lifeboat 

Institute (RNLI) station and a surf life saving club. 

However, the promenade seawall developed many internal voids and in January 1991, as a 

result of these cavities, a section collapsed in a not very severe storm (Bullen, 1993). Seawall 

location has resulted in two conflicting problems:  

- The north-western half was constructed landwards of the natural high-water line and dry 

sand is blown against and over the wall;  

- The south-eastern part has been constructed seawards of the natural high-water line and 

toe erosion is occurring due to wave reflection and turbulence (Phillips).  

Port Talbot tidal harbour (Figure 15) is situated in this beach, it was constructed for the 

importing material as an iron, ore and coal, this cause significant erosion along this coastline, or 

other words, reducing sediment supply to the beach. Beach consequences differ to the north and 

south of this location. To the southeast, there is northward sediment movement with little 

replenishment. This causes beach levels to fall resulting in exposure of sheet piles at the 

seawall toe and in the past, this has been managed by placing rock armour against the seawall 
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(Figure 15). To the northwest, beach levels increase as sediment supply is restored and the area 

is subject to windblown sand (SBCEG, 1999). The Coastal Protection Authority (CPA) 

periodically removes this and redeposit‟s it on the southeast beach section (Figure 17) (Phillips, 

2009). 

 

 

 

Figure 16 - Tidal Harbour (Reproduced by kind permission of Ordnance Survey, Crown Copyright. All 

rights reserved.) (Phillips, 2008) 

 

 

 

Figure 17- Sand redistribution on foreshore (Phillips) 

 

Porthcawl developed in the mid 19th century due to extensive coal exporting from its harbour. 

Now it comprises residential housing and town centre whilst either side may be described as 
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traditional tourism areas. Here the spring tidal range is 8.9m (SBCEG, 1999) and 

meteorological induced surges can add 2m to tide heights (Williams, 2002). Due to a 

combination of spring tides and southwesterly storms, the Esplanade seawall of 1887 was 

superseded in 1906 by a vertical seawall. In 1932, exposure of the seawall base and timber piles 

resulted in the seaward construction of a new 450m long vertical wall (Williams, 2002; Carter, 

1988; Figure 18). Hard engineering structures such as seawalls, groynes, piers, etc.  are 

traditional responses to protect developments within the coastal zone. However, these 

structures are expensive and tend to promote erosion due to reflection of wave energy. Beach 

levels continued to fall and in 1965 a concrete buttress was added but by the late 1970‟s was in 

disrepair. Various management options were considered and in 1984/5 a bitumen-grouted 

revetment was constructed. This comprised a 0.150m thick asphaltic concrete layer on top of 

sand fill, ending in a bitumen-grouted toe (Figure 18) and the height from bedrock to seawall 

base is 3m (Williams, 2002).  

 

Figure 18- Bitumen revertment (Phillips) 
 

 

Although not aesthetically pleasing, the project was successful in preventing further erosion 

and beach tourism was supported by having alternative nearby beaches. According to Bullen 

(1993), the Institute of Oceanographic Sciences concluded that human intervention, including 

port developments and seawall construction, had been the main erosion mechanism along the 

beaches in South Wales.  
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Rest Bay is located to the west of Porthcawl and the large sandy beach is popular with families 

and surfers. It has a high value residential resort beach with many facilities including funfair 

(Phillips and House, 2009). 

Further eastwards Merthyr Mawr, Southerndown, Nash Point and Llantwit Major are situated 

in the Glamorgan Heritage Coast (designated in 1973) where historic, artistic, and 

archaeological sites are plentiful (Phillips and House, 2009).  

The majority of Merthyr Mawr is privately owned although public access is permitted. There 

are no amenities at this beach but has been designated a SSSI for nature conservation and 

geology (SBCEG, 1999). 

 

Figure 19 - Merthyr Mawr beach 

  

Southerndown has been designated a SSSI due to geological significance of viewable faults and 

deformations folds (SBCEG 1999). The beach is busy during the summer and was initially 

awarded blue flag status in 2004 (Phillips and House, 2009).  

 

Figure 20 - Southerndown 
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Nash Point is not easily accessible as there is a long and step walk from car park to the beach. 

Amenities are limited and there are frequent rock-falls from the Lias Limestone cliffs which 

range between 35 and 50 m high (SBCEG, 1999).  

 

Figure 21 – Nash Point 

 

Llantwit Major approximately 27 km long, popular with surfers, freshwater stream, woodland 

area provide a superior habitat for birds and plants and the spectacular cliffs. The beach is 

backed by cliffs consisting of Lias mudstones, shales and limestone and beach pebbles range 

from a few millimetres to a couple of metres in diameter (Bullen, 1993). The spring tidal range 

is 9.6m and the beach is subject to direct wave attack from the prevailing southwest and 

refracted wave attack from the southeast. Consequently, sediment drift is strongly eastwards, 

driven by the oblique approach of the dominant waves. As one of the accessible bays along this 

section of coastline, beach monitoring is undertaken by the CPA (SBCEG, 1999), and erosion 

is circa 0.08myr
−1

. Cwm Col-Huw is a popular site used for swimming and surfing with a cafe 

and surf life saving club located on the shoreline (SBCEG, 1999). Williams and Davies (1990) 

described it as a “honey-pot” recreational beach and it has been the subject of many coastal 

defence measures. In the early 1990‟s, storms severely damaged the Surf Life saver building, 

cafe and car park (Figure 22). Several options to protect against coastal retreat were considered 

including: do nothing apart from rebuilding the Lifesaver club; construct a partial setback and 

allow the eastern end to retreat; construct a partial setback and upgrade old defences by 

importing armour; protect the whole width of the valley; and construct shore protected 

breakwaterswith reduced linear protection (Williams et al., 2002). The chosen solution, partial 

setback and upgrade, consisted of a Carboniferous Limestone block curved convex revetment, 

approximately 80m in length, 20m in width and 6m in height (Figure 23). It consisted of 2,900 
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tonnes of core and 6,000 tonnes of armour stone, comprising circa 7 tonne blocks. The 

revetment incorporated a concrete beach access ramp and formed the largest engineering 

structure along this coast (Williams et al., 2002). 

 

 

 

Figure 22 - Storm damage to Life Saver Club Figure 

 

Figure 23 - Reconstructed Life Saver Club fronted by new revetment (Phillips) 

 

 Barry Island is typical urban family seaside resort (Phillips et al., 2007). 

 

Figure 24 - Barry Island 
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4.2.1 Erosion/Management 

 

Above in each characterization of beach says about the erosion and management, below are 

more examples. 

The extraction of sand from the Severn Estuary and Bristol Channel has for a century been vital 

to the construction industry and almost 90% of the sand supplied in South Wales, comes from 

marine sources (Bellamy, 1999). This sand is ideal for construction and there is a lack of viable 

alternatives and environmentally acceptable land-based deposits. There is, however, 

controversy regarding offshore marine aggregate dredging in the Severn Estuary/Bristol 

Channel, and specifically off the Helwick Bank (Walters, 2000). Bullen (1993) stated that the 

main ebb tidal current carries material down channel, which is distributed, along Gower 

beaches and onto the Helwick Bank. This sandbank is approximately 15km long and up to 1.4 

km wide and lies approximately 2km offshore from Port Eynon and Horton beaches, in Port 

Eynon Bay, on the southwest Gower coast. Links had been hypothesised between the erosion of 

South Wales beaches and the volume of material dredged and an Internet website was initiated 

to disseminate information for the „„Save our Sands‟‟ campaign (www.gower-sos.org). There 

was dismay when the results of a government sponsored 4-year research programme, into links 

between dredging and sand loss from Gower beaches, were inconclusive (Walters, 2000). 

Therefore, a possible solution to this problem would be beach nourishment in conjunction with 

submerged breakwaters. The submerged breakwaters would protect the beach from storm 

waves in a manner similar to the sandbank, whilst dredged sand from Helwick Bank, would 

provide the source of beach nourishment. Sand from Port Eynon beach is statistically similar in 

grading to that extracted from the Helwick Bank (Phillips and England, 2001; Phillips and 

Lees, 2003) and supports findings of ABP Research and Consultancy, and Posford Duvivier 

(2000) of a weak two-way link between the beach and the Bank. Therefore, the nourishment 

process would be sustainable as it avoids the problems identified by Cipriani et al. (1999) and 

complies with the findings of Micallef et al. (2001). The performance of a nourishment project 

is generally determined by the remaining volume to the volume used and this ratio depends on 

various wave, coast and material parameters (Karasu, Komurw and Yuksek, 2004). With 

infrastructure costs, Phillips (2005) projected a 5-year gross nourishment cost of £28/m
2
 of 

beach surface for another beach on the South Wales coast. Consequently, this soft engineering 

solution to protect both the natural environment and tourism infrastructure would be in line 
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with sustainable management practices and could provide the ultimate irony in that dredging of 

the Helwick Bank, would be used to protect Gower beaches. 

 

4.2.2 Social economic 

According to Stevens (1996) it represented 9% of full-time employment and in 2000 accounted 

for some £2 billion in direct visitor spending (WTB, 2000). This equated to 7% of the national 

economy, more than agriculture and forestry (2.4%) and construction (5.3%). 

 

4.2.3 Management tools  

A Shoreline Management Plan (SMP) is a policy document for coastal defence management 

with large-scale assessment of the risks associated with coastal processes (tidal patterns, wave 

height, wave direction and the movement of beach and seabed materials) and helps reduce 

these risks to people and the developed, natural environments and historic. Coastal defence is 

the protection of the coastline from erosion and flooding by the sea.  It takes account of other 

existing planning initiatives and legislative requirements and is intended to inform wider 

strategic planning. 

The shoreline has been divided into 11 major sediment cells around the coast of Wales and 

England and the identification of the boundaries of these cells has been on natural process 

behaviour.  This major sediment cells have been subdivided into Sediments Sub-Cells for the 

purpose of coastal defence management. This Sediment sub-cells are discrete lengths of 

shoreline bounded by either headlands or estuaries and define the limits of each SMP. 

The South and South West Wales coastline was identified as a major cell denoted as Cell 8 

extending from St David‟s Head to the mouth of the River Severn (Wellhouse). Within this 

major cell exists four sub-cells which the sub cell 8b from Worms Head (Gower) to Lavernock 

Point (Nr Penarth) falls into my thesis theme. 

In Wales the SMPs are promoted by the National Assembly and are undertaken by coastal 

engineering groups.  Within sub Cell 8b there is Swansea Bay Coastal Engineering Group 

which comprises: 

- Maritime Local Authorities; (City & County of Swansea, Neath Port Talbot County 

Borough Council, Bridgend County Borough Council, Vale of Glamorgan Council),  

- Countryside Council of Wales,  
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- Environment Agency,  

- Other bodies with a significant coastal interest/ownership such as British Petroleum and 

Associated British Ports. 

 

This SMP document, is the basis for future Shoreline Management and Planning of the 

Swansea Bay Shoreline, but is not however a `one-off‟ project applicable for the next 50 years, 

or other words, the current shoreline management plans may no longer be practical in the long 

term. For example: 

- “predictions of SLR due to CC have increased dramatically since the first round of 

SMPs, and need to be incorporated into the second generation; 

- the current defences may have a limited life and improvements may not be 

economically, socially, technically or environmentally practical; 

- changes in the shoreline may result in new approaches being necessary to manage 

future risks.” (EEA) 

With this are currently in production the second generation of Shoreline Management Plans 

(SMP2s), covering the entire 6000 kilometers of coast in England and Wales. 

Consequently, the SMP2s will provide a „route map‟ for local authorities and other decision 

makers  to move from the present situation towards meeting our future needs, and will identify 

the most sustainable approaches to managing the risks to the coast in the short term (0-20 

years), medium term (20-50 years) and long term (50-100 years). 

Within these timeframes, the SMP2s will also include an action plan that prioritises what work 

is needed to manage coastal processes into the future, and where it will happen. This in turn 

will form the basis for deciding and putting in place specific flood and erosion risk 

management schemes, coastal erosion monitoring and further research on how we can best 

adapt to change (EEA) 

 

Some of the objectives by the Coastal Group for the Swansea Bay sub-cell 8b have directly and 

indirectly objectives about climate change as follows: 

- “Objective OB3: To be adaptable to predicted changes in SLR; 
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- Objective OB5:To guide future development requiring a shoreline position to locations 

which are not under threat from flooding or coastal erosion, or which can be defended 

appropriately; 

- Objective OB7: To defend to appropriate standards that development which can be 

sustainably be defended against flooding and coastal erosion.” 

 

SMP preparation identified the primary division of the shoreline into units based on coastal 

process evaluation. The criteria examined in definition of coastal process behaviour can be split 

essentially into two sets of parameters as forcing parameters (Action of Wind, Waves, Tides, 

River Flows etc.) and reaction parameters (Sediment Movement, Shoreline Position, Shoreline 

Orientation, Form (Geology and Geomorphology Features); Function etc.).  

These coastal process units (CPU‟s) represent lengths of shoreline across which the behaviour 

of coastal processes and within sub-cell 8b identified eight CPU‟s numbered 1 to 8 from 

Worms Head to Penarth Head, which is defined as follows: 

 

Table 4 – Lenghts of shoreline with respective CPU 

 

CPU Ref. 

FROM TO 

CPU 1 Worms Head Mumbles Head 

CPU 2 Mumbles Head Swansea Docks 

CPU 3 Swansea Docks Port Talbot Docks 

CPU 4 Port Talbot Docks Ogmore 

CPU 5 Ogmore Nash Point 

CPU 6 Nash Point Barry 

CPU 7 Barry Lavernock Point 

CPU 8 Lavernock Point Penarth Head 

 

The SMP provides policies for the management of discrete or individual sections of coastline 

known as Management Units which are determined using criteria such coast edge or shore type, 

geography, land use, coastal assets and shoreline orientation. 

In the “COASTAL POLICY EVALUATION” of SMP “sub cell 8b: Worm‟s Head to 

Lavernock Point” says : “With the shoreline effectively split into units for future management 

purposes the SMP guidelines require the appraisal of four strategic coastal defence options, 
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from which a preferred option is identified, for each management unit. The nomenclature and 

definitions used in this respect are as follows”: 

 

“(i) Do-Nothing 

- A `without project‟ case where there is no flood or coastal defence activity. The effects 

of doing nothing should be costed in a project appraisal as a basis for comparison with 

options involving intervention; 

(ii) Hold the existing defence line 

- To maintain the shoreline in its present position / location; 

(iii) Advance the existing defence line 

- To relocate the shoreline to seaward of its present position / location; 

(iv) Retreat the existing defence line 

- To allow the shoreline to relocate landward of its present position. Note - along sections 

of natural cliff shoreline, the term retreat has been applied to coastal paths only and not 

strictly applied to the coast defence element comprising the natural cliff shore. In coast 

defence terms, the strict definition of retreat refers to the natural rock cliff coast so that 

the actual policy may be regarded as „do-nothing‟. However it was felt to be more 

appropriate to identify the coastal path - serves by referencing a policy of retreat.” 

In the SMP sub cell 8b: “Worm's Head to Lavernock Point “don‟t have any reference to the 

issue of CC, thus there is any measure directly for the adaptation of CC. But speak about of 

coastal defences, in particular for coastal erosion, sea-level rise, flooding which is one of 

the causes of CC. 

4.3 Characterization of centre Portugal  

 

4.3.1 Biophysical 

 

Portugal has a coastline of 1187 km and one of the largest Exclusive Economic Zones (EEZ) in 

Europe. In our Portuguese study area are comprised the stretch of coast between the 

municipality of Ovar and Marinha Grande, according to the Resolution of the Council of 

Ministers (No. 142/2000) extends over about 140 km, which, in general, is characterized by 

having a high geological fragility, consisting of sand dunes, low gradient, and geological 

structure of origin sediment, with predominance of cliffs also sensitive. This geologic fragility, 
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combined with a climate of sea waves, with a range of directions very open and associated with 

high energy and a reduction in adduction of sediment to the coast results in an erosion with 

high intensity, leading to high coastal retreat rates recorded in this stretch of coastline, with 

frequent advances of the sea which put endanger the population nearby. 

Simultaneously, this stretch of coast has a remarkable wealth of biodiversity, as reflected in 

particular in the areas of the dunes of San Jacinto and the Ria de Aveiro. 

The high potential that also have in terms of landscape and beach use and the development of 

existing clusters make this stretch of coastline subject to a demand which is not always 

consistent with safety of persons and property and the preservation of the existing ecological 

values. 

Reconciling of conservation of ecological values, public use and economic use of resources 

requires an integrated approach to the limitations and potential of this stretch of coast with a 

view to defining the principles for use and occupation that enables the integration of structural 

solutions to the problems existing. 

 

As erosion in is a phenomenon increasingly marked in recent decades. Coastal erosion has 

achieved greater depth in the Portuguese coast and forecasts point for catastrophic scenarios in 

the Portugal year by year there is the advance of the sea resulting in the loss of beaches, dunes, 

landslides cliffs and invasion fronts of urban built on the coast. With the arrival of winter and 

the spring tide period, the retreat of the coastline near future. According to the European 

Commission in 2002 Portugal occupied the 4th place among 18 member countries with the 

highest incidences of coastal erosion with 1 / 3 of the coastline affected. Today it is estimated 

that the state of the coastline is even more critical. 

In our area of study were identified as risk areas the coastal territories considered threatened by 

the sea or vulnerable to erosion leading to irreversible loss of the coastal territory and direct 

action of sea waves as flooding coastal strip following sites Aveiro, Figueira da Foz.  

After much public money spent trying to recover what remains of coastal, the problems of 

erosion remain and worsen. Acquired rights before the adoption of CZMP seem to be the 

passport to new developments in areas of high risk. Strengthening the dune ridges and repair of 

spurs of Esmoriz these are the usual responses from the Institute of Water to the advancement 

of the sea. 
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It is estimated that between 2002 and 2006 has spent 45 million Euros in the sections of the 

coast most at risk (Biosphere Program). The construction of structures cross, longitudinal or 

perpendicular to the coast meant to be intervention for emergency, protect buildings at risk or 

already damaged, but still not covers prevention. 

In port areas, the dredging withdraw each year tons of sediment that is one of the power 

supplies of coastal beaches, the sands shifted the circuit of the coast are generally sold to the 

construction industry and make the ocean becomes less cargo the one that should carry to 

strengthen dunes and sand along the coast. 

In addition to dredging and extraction of inert of rivers, construction of dams is also the cause 

of the drastic reduction of sediment, which always travelled the rivers to the sea, but are 

primarily anthropogenic degradation of dune ridges and natural structures such as vegetation, 

the construction of the heavy coastal engineering, the intensification of coastal zone and 

unsustainable management of coastline, the factors that exacerbated the serious condition of 

Portuguese coastline. 

In the study area the disordering, strong urban pressure and high erosion draw the portrait of 

the Portuguese coast in the districts of Ovar and Figueira da Foz which have disappeared long 

sandy and the people are in risk. 

In the national list of coastal zones most at risk of erosion is the neighbourhood of Furadouro in 

Ovar, which occupies a prominent position on this beach retreat of the shoreline, enough to 

reach an annual average of 9 meters south of the urban front (APA, 2006). 

Barrinha of Esmoriz presents an interesting variety of habitats characteristic of dune areas and 

wetlands, birds of ecological interest, and a rich variety of fauna and flora.  The Barrinha of 

Esmoriz is in a critical state of environmental degradation due to continuous deposition of 

sediments carried by water lines, which have been the final destination of numerous discharges 

of industrial and domestic effluents. 

It is a coastal lagoon that is part of Natura 2000 Network, and according to this, it is for EU 

countries which have proposed national lists of sites to develop recovery plans and recovery of 

these sites. There is a recovery plan is already in the implementation phase and aims to 

interventions that are designed to eliminate pollution in the Barrinha of Esmoriz, given the risks 

present for to the ecosystems of this area and for the people. 
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Figure 25 – Esmoriz 

Between Esmoriz and Cortegaça has developed into a continuous seafront of approximately 

3km (Eurosion).  The biggest problems of this stretch are the retreat of shoreline which will 

implicate the loss of urban seafront, some of which is quite recent, the sandy coast has not 

natural rock protection, are identified erosion problems with destruction of dunes, has large 

groynes and sea walls and have an intense pressure for urban expansion. 

 

Figure 26 - Esmoriz and Cortegaça urban waterfronts - high risk of erosion. (EUrosion Project, 2006) 

Between Maceda and Furadouro has significant problems of coastal erosion, but this problem is 

not so critical because in this stretch don‟t has urban fronts just forested land areas 

Furadouro Beach presents an extensive sandy area and all the surrounding area with natural 

vegetation, with wooden passageways that protect the dunes landscape.  

The beach facilities and good accesses make of this one of the most looked for summer 

destinations.  Have strong fishing tradition, with the fishing nets and colourful boats always 

present, like they are decorating the coast. 

The latest status report on the Environment, prepared by the Environment Institute, reveals that 

it is on the shore of the beach Furadouro more inches the sea advances over a year throughout 

the Portuguese coast, taking into account the data from the Office of Water (INAG) for the 

2003 (9m/year).  



Aspects of climate change, consequences and management in the coastal zone 

 

63 

 

 

Figure 27 - Furadouro 

Torreira is located on a strip of sandy terrain that separates the Ria de Aveiro from the Atlantic 

Ocean, Torreira is a lively little resort town that fills up with holidaymakers during the summer 

months. The long sandy coastline attracts large numbers of summer sun-seekers who come to 

relax on the beach and practice the many water sports available such as sailing and 

windsurfing. 

 

 

Figure 28 - Torreira 

S. Jacinto is located between the Ria de Aveiro to the east and the Atlantic Ocean to the west. 

San Jacinto access is provided daily by water, by ferry daily transports passengers and vehicles 

by road. S. Jacinto Beach has its unique beauty on its wonderful dunes landscape which is a 

and retained in the Special Protection Area (Natura 2000) of the Ria de Aveiro. As part of the 

reserve is added Natural Reserve of the S. Jacinto Dunes, is a national protected area (area for 

the protection of habitats, wild flora and fauna). This protected area has about 700 hectares, 

was established by the Portuguese law in 1979 of 
7th 

of March by Environmental Education 

Centre of National Scouts Corps. The good beach facilities are only a complement that assures 

that S. Jacinto is a great beach option. 
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Figure 29 – S. Jacinto 

 

 

Breakwater of Aveiro has the harbour breakwaters (Aveiro lagoon inlet) and dredged 

navigation channel of commercial, fishing and leisure ports and they are essential to the safety 

and operability of maritime and river-maritime navigation. These harbour breakwaters and the 

dredged navigation channel (Figure 30) is long enough to intercept the littoral transport, and 

have induced erosion problems in the adjacent shorelines by leakage of natural nourishment 

(EUrosion, 2006). The southern coast of Aveiro was seriously affected by the construction of 

the harbour works. This fact was confirmed through the quantification of the sedimentary 

retention on the northern beaches and on the submerged bank external to the inlet (20 million 

m
3
 in the 50‟s and 70‟s) (EUrosion, 2006). 

 

Between Costa Nova and Vagueira has erosion problems. It is influenced by the interventions 

made in the harbour, especially the dredging and the extension of north breakwater (EUrosion, 

2006). This stretch has intense urban seafronts which are protected by several seawalls and 

groynes. And also has artificial dunes. 

Figure 30- Aveiro harbour breakwaters (EUrosion 

Project, 2006) 



Aspects of climate change, consequences and management in the coastal zone 

 

65 

 

 

 

 

Figure 31 – Vagueira 

 

 

 

Figure 32 - Vagueira 

 

Between Vagueira and Mira is located south of the inlet of Aveiro lagoon, distinguished by the 

dune system along the whole extension, starting in Costa Nova village and ending in Mira 

beach has no urban seafronts to be preserved but erosion phenomena are very clear in this 

stretch which can cause serious problems. The length of these stretch is 15km, with a NNE-

SSW coast orientation and could be characterized by a long beach with extensive flat areas, 

where there isn‟t much accentuates reliefs. It is predictable that the shoreline will retreat to a 

position that will result in one more new inlets breaching through to the Ria de Aveiro. These 

didn‟t happen yet because of the emergency work is been done in recent years. 

Eurosion (2006) says: “this stretch is protected by a dune ridge, which is currently very 

vulnerable and needs to be artificially repaired or reconstructed, otherwise the agricultural land 

areas and several houses behind it will be flooded since they are located at a level lower than 

the average level of the beach. This occurs due to a traditional agricultural system which has 
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been used for years in this area and to the north in Póvoa do Varzim, called Maceiras. This 

system has unique characteristics and is considered to be a great value. It consists of the 

lowering of fields for agriculture, which protects the crops from strong winds but increases 

their vulnerability to the intrusion of waves. If new inlets breach through the sand barrier the 

southern lagoon system will be exposed to sea water and the agricultural lands will became 

salinised.” 

 

Figure 33 - Between Vagueira and Mira 

Figueira da Foz is located at the mouth of the Mondego river. It is a coastal city with several 

beaches with summer and seaport facilities such as the typical canvas tents that are the 

trademark of the beach. As a city of tourism it plays an important part in the centre of the 

country.  The pedestrian road parallel to the beach is also quite frequented, and provides 

pleasant leisure moments. The city is an important industrial centre. The proximity to the urban 

area allows the easy access to the beach, that also has good parking conditions. 

 

 

Figure 34 – Figueira da Foz 

http://en.wikipedia.org/wiki/Mondego
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Praia do Pedrógão is located in north of Praia da Vieira (council of Marinha Grande have 

extensive and fine sand with dunes, and in the south with cliffs.  

Praia de Pedrógão – Sul Also known as Place of the Stones, this beach has some rocks and a 

jetty that goes into the sea. Being a calm beach, comprises the infrastructure to support 

essential to provide a good day of sun exposure. 

 

 

Figure 35 - Pedrogão 

 

Vieira Beach is usually frequented by inhabitants of the region and for surfers, has a good 

infrastructure support, and is a guarded beach, although the sea is very strong. The village even 

nowadays decorates the sandy area with their fishing nets and traditional colourful 

embarkations and is an excellent tourist and summer resort, with great conditions for all 

visitors.  

 

 

Figure 36 – Vieira Beach 
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São Pedro de Moel is located in south of the mouth of Ribeira de Moel and the beach is 

community near to the city of Marinha Grande . Busy seaside resort which is surrounded by 

Pinhal of Leiria and by houses. The sea is rough, which is why people often choose the ocean 

pool there exists. The beach is sheltered, fine sand, although many rocks in some areas of baths 

and have good infrastructure support. 

 

Figure 37 - San Pedro de Moel 

 

4.3.2 Erosion/ Management 

 

The erosion on Portuguese coast established in the 19
th

 century and in first half of the 20
th

 

century, cannot be only attributed to anthropogenic activities as harbour works, dam 

construction, or even to great urban pressures, because these not exist at that time. Then, 

another cause of erosion is probably due to global CC, which these phenomena is related to 

SLR and long-term effects. The CC have caused an increasing frequency and severity of storms 

impacts and induced wind directional spectra changes which consequently causes wave 

directional spectra changes and these could be a cause for erosion rates.  

In Portugal there is an intense urban development on unstable and environmental sensitive sand 

as dunes which have almost completely destroyed. Aveiro lagoon is a critical example of this 

problem, because the sandy littoral ridges are very sensitive to marine erosion phenomena. 

Residential development in the past four decades, along the waterfronts and sometimes over the 

beaches and dunes (buildings, streets), has also contributed, at least locally, to the changing of 

morphological conditions and to increasing the risk of damage (Eurosion, 2006). This 

residential development it was protected by groynes and seawalls which have increased the 

vulnerability to erosion and direct wave action. For example in autumn and winter the sea takes 

http://en.wikipedia.org/w/index.php?title=Ribeira_de_Moel&action=edit&redlink=1
http://en.wikipedia.org/wiki/Marinha_Grande
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way sand from the beaches and then the sea puts back in spring and summer but with this 

groynes ans sea-walls affect the dynamic and the sand that taken away from the beaches is 

impossible putting the same amount, so the problems of erosion start to increase. 

Several urban fronts (Esmoriz, Cortegaca, Furadouro, Costa Nova, Vagueira) currently appear 

as small “capes” that jut into the sea, surrounded by coastal defence structures of considerable 

dimensions (Figure 26) (Eurosion, 2006). 

Before 1980‟s waterfront development wasn‟t controlled at a national level because there 

wasn‟t coastal management in Portugal, the development was strongly promoted by local 

authorities who caused several environmental problems. For control erosion and reduce the 

risks of urban exposure to storm activities they used defence structures as groynes and 

longitudinal revetments and beach nourishment without thinking in land-use planning and just 

thinking in reduce the risks. These actions were conducted by the Directorate-General of Ports 

within a 50m wide strip from the maximum high water at spring tide, the so-called Public 

Shoreline Domain (Eurosion, 2006). 

Over past decades and up to the present, the management of the Portuguese coastal zone has 

been conducted within a complex juridical and institutional framework involving different 

agencies and resulting in a dilution of responsibilities (Veloso Gomes & Taveira Pinto, 2000). 

The Ministry of Environment in 1992/93 received the jurisdiction over the coastline, 

simultaneously with improved powers in the domains of land use planning and environment. In 

June of 1995 the Ministry of Environment did a plan for reconstruction and repair of the most 

critical defence structures, because the coastal defences structures constructed during the 70‟s 

and 80‟s in 1994 they were seriously affected by storms and their structural and functional 

levels decreased.  After serious crises local emergency actions have been taken in order to 

avoid flooding or destruction of the waterfronts during storm events (Eurosion, 2006). 

One example of structure defence is in Furadouro. “A European initiative for sustainable 

coastal erosion management” Eurosion 2006 says that “these defences provide quite local 

solutions, and in most cases the erosion stops or reduces updrift of defences and generally 

worsens on the south side of defences (figure 38 and figure 39) as the dominant littoral drift 

current is from the north. The effect is not so direct in the case of groyne fields were many 

other factors come into play.”  
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The Figure 38 and 39 from EUrosion Project, 2006 shows the coastal line evolution and the 

influence of the defence structures in this area. One can confirm that on the updrift side the 

erosion has stopped or reduced and, on the other hand, on the downdrift side erosion is still in 

progress (Eurosion, 2006). 

New legislation exists, after 1993, which frame coastal management and urban development 

along the coast, namely the CZMP. These include the beach master plans, which aim to 

organize the different uses and activities; classifying the beaches and regulating bathing 

activity, and enhancing those beaches considered to be strategic for environmental reasons 

(Eurosion, 2006). 

Figure 38 – Sea defence in Furadouro 

waterfront (Source: INAG aerial 

photographs 1996) 

Figure 39 – Effectiveness of sea defence in 

Furadouro waterfront urban (Source: 

INAG aerial photographs 2001) 
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One of the main measures that coastal management plan foresee is the dune system 

reconstruction between Costa Nova – Vagueira beach and Vagueira beach – Mira beach. This 

artificial dune is “parallel” to the coastal line foreseen in situation of static equilibrium. This is 

justified by “the expectation that the dune cordon will keep breaking an in alternative to its 

reconstruction after each rupture episode, mad0e the option could be the construction of an 

artificial cordon in a retreated position where it is waited that the evolutionary process 

stabilizes” (Eurosion). 

 

 

4.3.3 Social economic 

 

In centre Region, according to records from National Institute of Statistic (NIS) the distribution 

of population in the major economic activities (4th Trimester 2001) is in graphic below: 

 

 

Figure 40 - distribution of population in the major economic activities (Source: NIS, 2001) 

 

The major and most profitable developed economic activities in the pilot zone are: 

- Tourism; 

- Harbour activities; 

- Activities related to the primary sector: fishery and agriculture; 

- Industry  
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4.3.4 Management tools 

 

The Portuguese spatial planning system is divided into three main levels of decision-making: 

national, regional and municipal. In the Portuguese Decree-Law no. 380/99, from 22 September 

1999, the planning process is conceived as a sequence of procedures, in which the different 

plans at each level of decision-making, having different approaches, principles and goals, 

depend and look out to the highest plans in the hierarchy.  

Continental Portugal was divided into nine coastal stretches, each corresponding to one coastal 

zone management plan from north to south these nine plans are: Caminha - Espinho, Ovar – 

Marinha Grande, Alcobaça - Mafra, Cidadela - S. Julião da Barra, Sintra - Sado, Sado - Sines, 

Sines - Burgau, Burgau - Vilamoura and Vilamoura - Vila Real de Santo António. This division 

was made considering singular and similar characteristics of each one of the areas and also 

territorial administrative boundaries. The development of the plans was supervised by the 

Water Institute and in protected areas by the Nature and Biodiversity Conservation Institute. 

The Water Institute furthermore implements the coastal defence works and takes care of 

maintenance. Both institutes are subordinated to the Minister of Spatial Planning and Regional 

Figure 41 – CZMP of Ovar- Marinha Grande stretch 

(Source: Nunes, Carvalho, Duarte, Raposo,  
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Development who ensures the overall coordination through a Strategic Coordination Group. 

Coastal defence against flooding, erosion or extreme weather events is only one of the aims of 

these plans. Other key objectives include the conservation of environmental and landscape 

values of the coastline as well as regulating the use of the beaches for touristic purposes. 

 

The study area includes the Central Region of Portugal the CZMP Ovar-Marinha Grande, 

approved in 2000 through the Resolution of the Ministries Council nº 142/2000 of 20 of 

October. The CZMP includes a costalline of 140 km and, throughout 11 municipalities: Ovar, 

Murtosa, Aveiro, Ílhavo, Vagos, Mira, Cantanhede, Figueira da Foz, Pombal, Leiria e Marinha 

Grande. It has a maximum width, in the terrestrial zone, of 500 m counted from the edge of the 

sea water, and a maritime protection band which extends to a depth of 30m (Figure 41). 

Exceptions are them areas under harbours jurisdiction, in this particular case, Aveiro and 

Figueira da Foz harbours. 

 

This coastal line of protection is covered by various land management instruments, respecting 

the hierarchical nature of the plans, integrated in the Law on Spatial Planning and Urban 

Design (Lei de Bases do Ordenamento do Territorio e do Urbanismo) by DL No 380/99 of 22 

September (Figure 42). 

 

 

Figure 42 – Laws in coastal zone 

  

As stated in the previous figure, the CZMP include owned land sea and the private domain and 

should, the proposals under this plan, prioritize the use of public-owned areas, strengthening 

the " public character " of these areas, seeking to articulate the interests of private and places of  

protection  and conservation of  the coast, in an integrated and global perspective (Alves, 

2006). 
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The CZMP of Ovar- Marinha Grande is the main policy instrument that regulates the 

management of the coastal zone where the features are enhanced, capabilities, problems, 

dynamics and future prospects of evolution for each component of this change. Although, it can 

be eventually criticized, it allowed already some changes, mainly in what concerns beach 

qualification, with visible consequences in terms of the improvement of the environmental 

quality, the protection of the biophysical integrity of some sensitive systems, the environmental 

education and attitude of the populations (Nunes et al.). 

 

Now entering in the Regulation, in the article no 2 are defined the specific objectives of CZMP. 

But there is any reference made to the risks that surround this section neither is referred the 

consequences of CC, emerging only the protection of natural systems as target for prevention. 

Thus is the prime advantage of the beaches, improving the quality of life and strengthening of 

infrastructure in order to create conditions for tourism. 

In the CZMP, is referred the plan summary which are defined areas of usage and specific 

restrictions, particularly in areas threatened by sea and areas of coastal protection measures. 

Already in that time was taken into account the SLR and were already suggested areas of 

application of adaptation measures to combat this problem. 

In article no 9 appears in its first point the issue of works that can be seen as measures to 

adaptation to CC, although not offered directly as such. Thus, in point a) appear the work for 

the stabilization of dunes, b) works of consolidation of the cliffs where they represent particular 

situations of risk, f) works of clearing water lines and g) works to protect the built and 

archaeological heritage. 

In the Article no 42, it demonstrated the importance given to areas threatened by sea through 

the implementation of a specific definition for these areas, highlighting once again that they are 

defined in the plan summary. In the next article are framed as to their system of law. 

The chapter 8 develop exclusively relating to coastal protection measures. Entered here, Article 

no 44, exposes coastal defence measures, which although not making reference to the CC, 

appear as adaptation measures for risks and to maintain quality of life and safety for the 

population. Interventions of coastal defence are adaptations measures to the CZMP, which 
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appear to cope with risks such as rising sea levels and changing the system of sea waves, the 

consequences of CC. 

Article 44. º  

Definition 

“1 - The coastal protection interventions cover a range of actions 

considered essential for the maintenance of the uses and activities of the 

coastline. 

2 -  Interventions coastal defence subdivided into: 

a) Works of defence to maintain, which involve a number of existing 

defence works whose maintenance is required under the CZMP; 

b) to restore dune systems, which include a number of additional 

works to the above designed to prevent; 

c) Other coastal protection covering a range of temporary or 

experimental interventions that result from situations of risk;” 

  

In the Article no 49, relating to Intervention Project of waterfronts Beach Esmoriz and 

Cortegaça, which primarily aims at carrying out a study to evaluate alternatives for coastal 

defence to resolve the problems of erosion at the fronts of two clusters and the camping of 

Cortegaça, which includes analysis of cost-benefit in terms of environmental, social, urban and 

economic. 

In CZMP of ovar- Marinha grande, is not made no direct reference to adaptation to CC. The 

priorities are focusing on works of coastal protection, including intervention in the design of 

waterfronts of Esmoriz and Cortegaça, maintenance of coastal protection in different counties 

and stabilization of the cliffs of St. Pedro de Moel. 

 

4.4 Comparison of South of Wales and Centre of Portugal 

 

Portugal is characterized by a high take geological fragility, consisting of sand dunes with low 

fees, and geological structures of sedimentary origin, with predominance of cliffs, a sensitive 

issue. This geologic fragility, combined with a climate of sea waves with a range of directions 

very open and associated with high energy and reduction in adduction of sediment to the coast 
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results in an erosion of large intensity, leading to high rates of decline observed in this stretch 

of coastline, with frequent advances of the sea that they even endanger existing urban areas.  

Wales has a coastline similar to Portugal and has almost the same problems. Wales relatively to 

Portugal has more cliffs with more altitude, also has the second highest tidal range in the world 

which means the advances of the sea endanger the existing urban areas. Some of the beaches 

are volatile being exposed to the southwest, Portugal also is very open.  

The stretch in Portugal as Wales has a remarkable wealth of biodiversity, patent in particular in 

Portugal as dunes of San Jacinto and the Ria de Aveiro and about Wales some beaches with 

some designations as AONB, LNRs, SSSIs, etc..  

Concludes that south of Wales and centre of Portugal have a lot of similarities.  

The Table 5 will show some examples: 

 

Table 5 – Characteristics of South Wales and Centre Portugal 

Characteristics South of Wales Centre Portugal 

Sandy beaches with dune system Rhossilli 

 

S. Jacinto 

Urban beach Swansea Figueira da Foz 

Harbour works Aberavon Aveiro 

Cliffs Caswell S. Pedro de Moel 

Seawall Aberavon Vagueira 

Groynes Southerndown Cortegaça 

 

About the harbour works existing in Aberavon and in Aveiro, the problems of these structure is 

the same which they interfere with littoral transport causing erosion. 

In Aveiro the erosion was gradually spreading from north to the south which forced the 

construction of protective structures in that places that exist there (Vagueira until Praia de 

Mira). And in Aberavon happen the same but in directions different, or another words, south of 

Wales is geographically different of Portugal. The littoral transporting in south of Wales is 

from northwest to southeast, which the beaches in southeast to Aberavon going to have more 

erosion problems.  

About the management of coastal zone both of the countries use hard engineering structures as 

seawalls, groynes, spurs, etc. and soft engineering as beach nourishment to reconstruction the 

dunes. About spurs in centre of Portugal have several of them where in south of Wales don‟t 

have so many. 
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A SMP in Wales as explained above is a policy document for coastal defence management with 

large-scale assessment of the risks associated with coastal processes (tidal patterns, wave 

height, wave direction and the movement of beach and seabed materials) and helps reduce 

these risks to people and the developed, natural environments and historic. Coastal defence is 

the protection of the coastline from erosion and flooding by the sea.  It takes account of other 

existing planning initiatives and legislative requirements and is intended to inform wider 

strategic planning. The SMP provides policies for the management of discrete or individual 

sections of coastline known as Management Units which are determined using criteria such 

coast edge or shore type, geography, land use, coastal assets and shoreline orientation. The 

stretch is divided of sub-divisions. 

In Portugal is similar to Wales, the coastal line of protection is covered by various land 

management instruments, respecting the hierarchical nature of the plans, integrated in the Law 

on Spatial Planning and Urban Design. The CZMP of Ovar- Marinha Grande is the main policy 

instrument that regulates the management of the coastal zone where the features are enhanced, 

capabilities, problems, dynamics and future prospects of evolution for each component of this 

change. Although, it can be eventually criticized, it allowed already some changes, mainly in 

what concerns beach qualification, with visible consequences in terms of the improvement of 

the environmental quality, the protection of the biophysical integrity of some sensitive systems, 

the environmental education and attitude of the populations. In Wales the SMP also can be 

eventually criticized because the SMP is not applicable for the next 50 years because the 

predictions of SLR due the CC have increased dramatically and the current defences may have 

a limited life and improvements may not be economically, socially, technically or 

environmentally practical. Due this problem is because Wales are working for the nest SMP 

(SMP2), which is very good because the SMP2 will have predictions for the future. In Portugal 

the management tool have the same problems as SMP of this moment.  

Although all this similarities between Portugal and Wales the SMP are more developed than 

Portugal relatively at CC, because Portugal in CZMP don‟t have any direct measure about CC. 

 

 

 



Rute Alves 

Universidade de Aveiro, Portugal 

 

5 Discussion and conclusions 

  

The Portuguese and Welsh coastline are very important, as they are located in key centres of 

political decision, commercial centres, industrial, infrastructure at tourism and employment 

opportunities. In Portugal around 70% of the national population live within the coastal zones 

and its contribution to GDP is estimated at 85%. In Wales around 60% of the population live 

and work within the coastal zone.  The report “Valuing our Environment – Economic Impact of 

the Coastal and Marine Environment of Wales” indicates that the coastal/marine environment 

supports (directly and indirectly) 92,600 jobs in Wales, contributing £2.5 billion of GDP to the 

economy of Wales. The stunning environment of Wales coast and the proximity of significant 

population also helps explain the importance of the coastal tourism industry which contributes 

over £350 million each year to the Welsh economy. In 2003 an estimated 4.4 million seaside 

tourism trips were made to the Welsh coast, with an associated spend of some £700 million. 

The CC appears as an additional pressure to these areas which they are sensitive. In Portugal 

and Wales the coastal zones are very similarity, they are very important to population, and have 

the same functions as tourism, habitation, jobs, etc.. 

The main impact felt in the Portuguese and Welsh coastal zones is erosion therefore coastline is 

at risk of loss of territory.  Also the greatest challenge facing Portugal and Wales coastal zones 

is that posed by climate change, with the threat of SLR and increased incidence of coastal 

flooding among the expected effects. Along of these thesis concludes that the most certain 

effects of CC in coastal zones is sea-level rise. Although estimates of future sea-level rise vary, 

the scientific consensus is that it will be significant and will continue for centuries.  

About the GHG at international level has focused mainly on mitigation, or other words, reduce 

the GHG emission to prevent dangerous climate change. But the next step should be the 

adaptation because cannot be avoided these problems. Because just mitigation can‟t prevent the 

future CC. 

In Portugal and Wales the design and implementation of adaptation measures have been 

adopted almost exclusively strategies of a reactive response to emergencies, which contrasts 

with other more effective and that involve planning and anticipation. Adaptation measures to 
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coastal protection are reflected in hard engineering as groynes, seawalls, spurs, etc. and soft 

engineering as nourishment of the beach. 

In Portugal, there is a single document on adaptation to CC, the memo "Bases for a national 

strategy for adaptation to CC”. In Wales have much more information about the CC in coastal 

zone and in this moments they are creating new strategies just for Wales, because in this 

moments a lot of the information for CC in coastal zone is included all England and Wales are 

trying to have their one policy. In England they have all different programmes as Futerecoast, 

Foresight, UK Climate Impacts Programme and a Strategic Flood Risk Assessments carried out 

by local authorities which they give a lot of information at public about the CC in coastal 

zones. 

In order to identify measures for adaptation to CC in the coastal Portuguese were analyzed 

strategic plans and instruments of territorial management. It appears that the older policies as 

CZMP, there are no references to the CC. In addition to more recent political NSSD, NSICZM, 

PSPP these are already taken into account. This is justified because the theme of CC at the time 

of preparation of CZMP was not taken into account, having taken a greater role with increasing 

time. 

They are direct measures of adaptation in NSSD, and NSICZM, NSPPP, or other words, 

measures that clearly relate to CC and / or its consequences.  

 

The SMP are much more developed than CZMP, it could be good for Portugal if they do a 

management tool similar to SMP. Like in Portugal doesn‟t have any document specific with all 

characteristics of the shoreline of Portugal and its necessary for the public study. Portugal 

should implement one programme as Wales the Forecast for give us value of sea- level or other 

value relative to climate change in Portugal.  

 

For future developments is proposed the following points: 

 Portugal and Wales should do a document with new strategies just focus in manage the 

climate change in coastal zones. 
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 Portugal creates a CZMP similar to Wales with all physical characteristics of the 

beaches. England they are working for the new SMP‟s for be a long term, and Portugal 

should do a new one also;  

 Do an international agreement to share all the information about the coastal zones.  
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