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Abstract 

The valuation of the economic losses derived from the decreased level of provision of ecosystem 

services is currently lacking in most policy-making decision process, but is a necessary step for 

an efficient allocation of financial resources for conservation and sustainable use of natural 

habitats, especially under the current climate change threats. Degradation of ecosystems, arising 

from climate change impacts and consequent seal level rise, could bring serious consequences to 

human well-beings. However, this is not included in national accounting and in the gross 

domestic product. This is a major lack in the current national accounting having implications 

especially in the policy decisions. The economic valuation of ecosystems degradation would play 

an important role in policy as it could provide highly valuable information to justify the amount 

of resources that should be invested in order to ensure that the stock of natural capitals is 

maintained over time. Having accurate information on the welfare changes associated with 

ecosystem services is therefore of crucial importance for the design of effective conservation 

strategies.  

The paper presents a methodological framework to identify, analyze, map and evaluate the loss 

and degradation of natural habitats and related ecosystem goods and services (EGSs) that would 

occur as a result of sea level rise in the coastal zones of the Basque Country, North of Spain. The 

most appropriate methodology is selected for each type of habitat to get monetary estimates, 

according to the type of service, type of benefit generated and availability of data.  

Preliminary results are presented in terms of loss of welfare associated with an increase in the sea 

level rise in the Basque Coast for 2100. The ecosystem services under analysis include carbon 
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sequestration, water regulation, natural hazard control and resilience to climate extreme events, 

soil erosion, scenic beauty, passive use and recreational values. 

The results of this study should contribute to raise awareness of local policy makers and urgency 

of action to address natural ecosystems degradation face to climate change while providing a 

range of estimates that are vital to make investment decisions in adaptation strategies. The study 

aims at improving the understanding of the benefits of ecosystems and biodiversity and of the 

costs of losing biodiversity services that would be imposed to the society. 
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1. Introduction 

The paper presents a methodological framework to value the degradation of natural habitats and 

related ecosystem goods and services (EGSs) that would occur as a result of sea level rise caused 

by climate change in the coastal zones of the Basque Country, North of Spain. The study is based 

on projections of flooded area expected for 2100 in the Gipuzkoa area (Chust et al 2010), which 

in a second step are scaled-up to the whole Basque coast. 

Having accurate information on the welfare changes associated with ecosystem services is of 

crucial importance for the design of effective conservation and adaptation strategies. The 

valuation of the economic losses derived from the decreased level of provision of ecosystem 

services is currently lacking in most policy-making decision process, but is a necessary step for 

an efficient allocation of financial and economic resources for biodiversity conservation and 

management. Degradation of ecosystems could bring serious consequences to human beings. 

However, this is not included in national accounting and in the gross domestic product (GDP). 

This is a major lack in the current national accounting having implications especially in the 

policy decisions. The economic valuation of ecosystems degradation would play an important 

role in policy as it could provide information about the amount of money to invest in order to 

ensure that the stock of natural capitals is maintained over time. The primary objective of this 

study is therefore to develop a methodological framework to identify and measure the full 

economic value of selected EGSs provided by the different types of habitats in the Basque 

Country. Secondly, we present an exemplification of how these values can be applied in order to 

compute the total economic loss due to sea level rise in the coastal zones. 

The specific objectives of the study are: (i) to identify, describe and map the main habitats in the 

Basque coast; (ii) to list the ecosystem services provided by these habitats; (iii) to develop a 

methodological framework for valuing EGSs applicable for the habitats identified; and (iv) to 

provide a preliminary estimate of the economic loss associated with an increase in sea level rise 

in the same area for 2100. The methodological framework consists of the following main steps: 

identifying different methods to value the change in the EGSs via habitat definition; valuing the 

range of economic values (or benefits) provided by EGSs; estimating the flooded area expected 

in the different habitats in the Basque coast for year 2100. 
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The methodological framework builds up on an “analysis per habitat” as the initial step in the 

assessment process. Basically we emphasize that the analysis should be based on the specific 

habitats of an ecosystem, in terms of EGSs, values identification and methodologies used for 

estimating the human welfare.  

Results obtained in this study should contribute to raise awareness of local policy makers and 

urgency of action to address habitat degradation face to climate change. The study aims at 

improving the understanding of the benefits of ecosystems and biodiversity and of the costs of 

losing biodiversity services that would be imposed to the society, as well as to identify priorities 

for local action. 

The structure of the paper is organised as follows. Section 2 presents a description of the main 

habitats in the coastal zones of the Basque Country, section 3 describes the EGSs provided by 

each habitat and the main valuation methods used to estimate the economic value of these 

services. Section 4 presents the results in terms of economic loss due to sea level rise in year 

2100, providing values per hectare of the assets per habitat and projections of change in coastal 

areas. The paper ends with the main limitations of the study and conclusive remarks.  

2. Description of main habitats in the coastal zones of the Basque Country 

There is very limited literature based on the analysis and identification of the habitats in the 

Basque country. The body of work that is available has been carried out by a small number of 

authors, Guillem Chust et al (2008, 2009, 2010), Galparsoro et al (undated), Borja et al (2004), 

mainly from the Marine Research unit based in the region. Vegetated coastal habitats, salt-

marshes and sea grass meadows have a great deal in common with rainforests in that they are hot 

spots for biodiversity, they provide important and valuable ecosystem functions, including a 

large carbon sink capacity. However they are in sharp decline, the world is losing its coastal 

habitats four times faster than its rain forests (Duarte, 2009).  
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Fig. 1. Habitats with protected areas identified.  

Source: provided by AZTI-Tecnalia, Marine Research Division. 

 

 

Fig. 2. Coastlines at spring high tide (black line) and low tide (dashed line) in Gipuzkoa 

province (above), with the main estuaries of the Gipuzkoa coast. Source: Chust et al 2008.. 
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Chust et al. (2008) have identifed the main habitats in the coastal zones of the Basque country 

and in more detail of the Gizpuzkoa area as shown in figures 1 and 2 respecetively. The authors 

map out the habitats using the airborne laser scanning LIDAR (LIght Detection and Ranging), 

which provides high-resolution images for Digital Terrain Models (DTM) that have been applied 

recently to the categorization, quantification and monitoring of coastal environments as 

illustrated by fig.2. The classification is based on the the European Nature Information System 

(EUNIS) habitat classification, developed between 1996 and 2001 by the European Environment 

Agency (EEA). It covers all types of natural and artificial habitats, both aquatic and terrestrial 

(Davis and Moss 2002). Galparsoro et al (undated),  have also generated and mapped the habitats 

of the Basque coast from orthophotographs as well as employing LIDER for the two years 2002 

and 2004. Orthophotography shows natural and man-made details on the earth’s surface created 

from high quality aerial images. Distortions caused from the earth’s surface and aircraft 

movement are removed. The result is a scale-accurate image offering a detailed bird’s eye view 

of the landscape.  

Table 1 provides a brief description of the habitats of the coastal zones. The main habitats of the 

coastal zones of the Basque Country include sandy beaches and muds, vegetaded dunes, shingle 

beaches, sea cliffs and supralittoral rock, wetlands and saltmarshes, terrestrial habitats, artificial 

land excluding piers, piers, and river water surfaces.  

Flooded areas for the various habitats were obtianed from ASTI and availbale only for the 

Gipuzkoa region. These values were scaled up for the whole of the Basque coast based on total 

hectares in 2004 from table 2 where the habiats are broken down by their geological features. 
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Table 1. Description of coastal habitats of the GIPUZKOA area. 

HABITAT Description 

Sandy beaches and 

muds 

Sandy beaches and artificial sandy shores above the driftline; unvegetated and very scarcely 

vegetated. It includes coastal beaches fashioned by the action of wind or waves (i.e., La Concha 

en San Sebastián) and those sheltered within inner estuaries (i.e., Playa de San Antonio, 

Urdaibai).  

Intertidal soft sediment (sandy beaches and muddy areas in the coast and estuaries); unvegetated 

or partially vegetated by marine plants (Zostera noltii, Spartina) and algae (Gracilaria, Ulva, 

Fucus).Within the coast, this habitat is part of the beach-dune system, and it is unvegetated. 

Whithin the estuaries, the percentage of muds may be important and it is frequently covered by 

algae. 

Vegetated dunes 

Dune vegetation; mainly includes secondary dunes (also called white dunes, mobile o semi-

fixed; flora: Ammophila arenaria, Eryngium maritimum, Euphorbia paralias, Calystegia 

soldanella, Medicago marina), tertiary dunes (also called fossil, grey o fixed; flora: 

Helichrysum stoechas; por ej. arenales de Muskiz), and artificial sediment accumulations 

(exctracted from channel dredging purposes) colonized by vegetation (for instance, in San 

Cristóbal, Busturia). Occasionally, it can include embrionary dunes (for instance, Laida beach). 

Shingle beaches 
Accumulation of shingles and peebles; without or with very scarce benthos (lichen), occurring 

in supralittoral and upper intertidal zone. 

Sea cliffs and 

supralittoral rock 

Unvegetated seacliffs and rocky shore in the supralitoral (splash zone). The supralittoral rocky 

zone may be covered by Xanthoria parietina lichen in the upper supralittoral, and by the black 

lichen Verrucaria maura (black belt) in the lower supralitoral. On the lower levels, specimens of 

Melarphe neritoides, Patella rustica and seasonal belts of clorophyte Blindingia minima occur. 

Wetlands and 

saltmarshes 

Wetlands comprising two main vegetation communities: 1) suffers from weak tidal influence, 

flooded only during high spring tides. Practically mono-specific formation dominated by 

Phragmites australis. 2) flooded only during high spring tides characterised by mature soils. 

Dominance of Juncus maritimus which appears together with Elymus pycnanthus. Allocthonous 

shrub (Baccharis halimifolia) also occur which spreads along the high vegetation zone with, 

Limonium vulgare, Sarcocornia fruticosa,and Triglochin maritimum. 

Saltmarshes placed in the inner part of the estuary of low hydrodinamism. Comprises two main 

communities: 1) Middle vegetation zone (low-intermediate salt marsh), flooded twice a day, 

dominated by vascular halophilic plants such as Halimione portulacoides, Salicornia sp. and 

Suaeda maritima. 2) Upper levels of the mid-intertidal (low vegetation zone). Sparse perennial 

grasses Spartina maritima growing in the muddy sediments in lush patches or with Fucus 

ceranoides and Ulva sp. 

Terrestrial 

habitats 

Riparian woodland associated to rivers placed around wetlands in soils rich in alluvial deposits. 

Dominance of Alnus glutinosa, Tamarix gallica, Fraxinus excelsior and Salix sp. 

Terrestrial habitats (not restricted to coastal areas), adjacent to the tidal-influenced areas. It 

comprises: crops, arable land, areas with gardens and urban parks, scrubs, woodland 

Artificial land 

excluding piers  

Anthropogenically modified surfaces: human settlements, industrial building, roads, excluding 

piers 

Piers Piers 

River water 

surfaces 

River water surfaces above the high tide level. 

Source: personal communication from AZTI-Tecnalia, Marine Research Division. 
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Table 2 . Habitats classes and changes identified in the Basque coast:  

Tide zonation Habitat 2002 (ha) 2004 (ha) Change 

(ha) 

Terrestrial 

Terrestrial 66.93 55.49 -11.44 

Artificial 1262.64 1294.93 32.30 

Rock cliffs 48.89 48.89 0.00 

Riparian woodland 5.67 5.67 0.00 

Fixed grey or (vegetated ) 

dunes 
36.58 36.23 -0.35 

Unvegetated sand 121.98 140.84 18.86 

Supralittoral and s. fringe 

(4.4 to 15 m) 

Single habitat 30.11 30.13 0.02 

Supralittoral rock 175.75 175.73 -0.02 

Intertidal  

(0 to 4.4 m) 

Tidal waters 3515.41 3483.83 -31.58 

Dike, breakwater 28.14 27.94 -0.19 

Saltmarshes 168.54 178.40 9.86 

Intertidal hard substrata 571.53 568.81 -2.72 

Intertidal sediments 631.32 606.49 -24.83 

Sublittoral (< 0 m) 
Sublittoral sediments 414.54 423.42 8.88 

Sublittoral rock 617.32 618.64 1.33 

Source adapted from Galparsoro et al (undated). 

The intertidal area (679.52 ha), limited by the low and high tide lines is 31% of the total area of 

Gipuzkoa province (221,700 ha). The most significant changes  in the coastal zone, noted by the 

study during the 2002-2004 period are the 32.3 ha of artificial zone, which were claimed to the 

tidal waters, resulting in the loss of 24.8 ha in intertidal sediments and of 31.6 ha in tidal waters. 

The changes detected on the coast during the 2-year period were caused mainly by harbour 

construction and by saltmarsh and dune system regeneration programmes. These results show the 

rapid artificialization of land in the narrow and fragile fringe of the Basque littoral (Galparsoro et 

al undated). Sea level rise in the future will contribute to further decline of the natural habitats 

and the inpact on coastal areas will be higher. 
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3. Analysis of EGSs in the coastal zones of the Basque Country 

The EGSs identified in the coastal zones of the Basque Country include carbon and water 

regulation, recreation and ecotourism, aesthetics, and passive use values (in terms of 

conservation values and biodiversity existence values). Although evaluating the economic value 

of the so-called Zumaia-Deba Flysch is well outside of the scope of this report, it should be 

highlighted that the scientific value of it is highly important. The Flysch is a site that shows 60 

million years of geological history that have been declared protected biotope in 2009 and makes 

up one of the most important geological sanctuaries in the world according to the International 

Union of Geological Sciences (Pujalte, et al, 2009). 

We present hereby a description of the main EGSs identified in the coastal zones of the Basque 

Country, the methods commonly used for valuation and their related ecological processes when 

relevant. 

3.1 Cultural services 

Recreation and ecotourism 

Recreation and ecotourism are of key importance both for the economic returns (revenues) 

associated with the tourism activities and for the individual welfare associated with direct 

enjoyment of the resource. 

Tourism and recreation represent important economic activities in the Basque Country, 

contributing 5.3% to its GDP in 2008 (amounting to 3,596 million euros), according to Eustat 

data. Tourism in this region traditionally developed around the capital of Gipuzkoa and its 

coastal area, but it is gradually expanding through a diversification since 2005. Tourism in 

Gipuzkoa area shows nevertheless the highest contribution to GDP (7.3%), followed by Bizkaia 

province with 4.5% contribution and Alava with 4.4% contribution in 2008. Tourism in the 

coastal zones of the Basque Country is therefore playing a crucial role in the economic activity, 

in terms of both terrestrial and marine activities (ecotourism on the coast, recreational sailing, 

surfing, sun-bathing, etc). This creates the need to develop artificial surfaces for recreational 

services (e.g. artificial beaches), and harbours and defences (e.g. dams and sea walls) in the 
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coastal zones, which are therefore receiving more and more pressure. These artificial surfaces are 

related to the coastal erosion which affects the stability of the coastal areas, which creates a 

further threat. 

According to the MEA framework, recreation is included in the cultural services. Recreational 

services refer to direct use values (the resource is consumed directly). In this study we include 

only non-market recreational values, while we exclude market values from the tourism sector, as 

the first represent the total consumer welfare and are therefore higher. The methods used to 

derive non-market recreational values include travel cost method, contingent valuation, and 

choice experiments. 

Recreational activities are assessed in the following habitats of the Basque coast: sandy and 

shingle beaches, muds, and wetlands, in terms of scenic views and recreational opportunities 

(bathing, sun-bathing, surfing and other sports). 

Passive use and conservation values 

Natural resources have existence values not related to the potential use of the ecosystem, which 

are not measured in any existing market. These benefits are known as non-use or passive-use 

values as they are related to the mere existence of the resource, for which people are willing to 

pay even if they will never use it. The case of the scientific value of the Flysch could thus be 

included here.  

Existence values can be derived from stated preference methods (contingent valuation and choice 

experiments) as well as from the cost of conservation programs of natural resources. In the 

absence of willingness to pay estimates derived from specific case studies, the cost of 

conservation can be considered as a broad approximation of the value attached to the existence 

of the natural resource. In our study we refer to the willingness to pay to avoid degradation of the 

habitat in terms of biodiversity levels (fauna and flora), as well as aesthetic values which are 

related to the enjoyment of the landscape. The studies used for this valuation mainly refer to 

conservation programs of local habitats. 
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Passive-use and conservation values are assessed for the following habitats: sandy and shingle 

beaches, muds, wetlands, vegetated dunes, sea cliffs and supralittoral rocks, wetlands and 

saltmarshes. 

3.2 Regulating services 

Regulating services identified in this study are limited to carbon and water regulation. For carbon 

Integrated Assessment Models (assessing the impacts of climate policies on global and national 

economies) are used to derive the social cost of carbon in different socio-economic scenarios. 

For water regulation, the methods usually used are avoidance costs, replacement costs and stated 

preference methods. In our study, water services are not valued directly but indirectly through 

the expenses supported by the government for conservation and protection. 

Carbon  

Carbon is cycled between the atmosphere, oceans, and terrestrial biosphere and unlike some 

other greenhouse gases, which are relatively short-lived, carbon dioxide (CO2), the most 

important global warming gas emitted by human activities, is not broken down but is exchanged 

continuously. CO2 concentrations are increasing in the atmosphere because their sources are 

exceeding their sinks
1
.  

 

                                                           
1 Sources release more carbon than they absorb while sinks soak up more carbon than they emit. 
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Fig. 3. Emissions and uptakes of carbon dioxide. Source: Watson et al 2000. 

 

Carbon sequestration is the process referred to as the carbon cycle through which CO2 from the 

atmosphere is absorbed by the terrestrial and water ecosystems. Figure 3 illustrates the amounts 

of carbon released to the atmosphere and the amounts absorbed by the sinks, namely the forests 

and the oceans. 

The oceans are the largest carbon sinks on Earth. They play an important role in regulating the 

amount of CO2 in the atmosphere because CO 2 can move quickly into and out of the oceans. 

Once in the oceans, the CO2 no longer traps heat. Marine plants and animals play a role in the 

uptake and release of  CO2  in the ocean and other water bodies. Plants, primarily phytoplankton 

and also seaweed  can take up CO2  and release oxygen, which is required for marine animals to 

survive.   

Forests have an important role in the global carbon cycle, as they have high rates of ecosystem 

productivity, and therefore of carbon sequestration, and thus have the capacity of temporarily 

storing large amounts of carbon per unit land area (Houghton 2003). Carbon sequestration rates 

vary by tree species, soil type, regional climate, topography and management practices. There 

are two major strategies for preventing increased build-up of atmospheric CO2 concentration 
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through land use, land use change and forestry (LULUCF) activities, these are to preserve 

existing carbon stocks through better management of the terrestrial biosphere, reduced 

deforestation and to increase existing carbon stocks through planting forests to sequester carbon. 

Changes in land use, such as development of the coastal zones will have adverse impacts on 

some of these habitats, directly as well as through the mediation of fresh water.   

Riparian zones, the wooded lands found around and near water bodies, are also playing an 

important role as carbon sinks in the Basque coast. The protection of riparian zones provides 

several services such as biodiversity, i.e natural habitat conservation for birds, wildlife etc food 

for animals, water quality enhancement, and carbon sequestration due to the undisturbed soil, 

soil cover, and vegetation of the terrestrial zone. Factors such as climatic conditions, encroaching 

urbanization affecting above ground vegetative change, will impact the effectiveness of riparian 

buffering.  The numerous services provided by riparian zones are recognized and are often the 

subject of national protection in a Biodiversity Action Plan.  

In coastal zones, carbon is also stored in saltmarshes which are found on the upper part of the 

mud, which the sea reaches only at high tide, it is covered with plants that can cope with salt and 

with being regularly underwater. Fixed coastal dunes with herbaceous vegetation, also known as 

fixed grey dunes which are stabilised and colonised by more or less closed perennial grasslands 

and abundant carpets of lichens and mosses, from the Atlantic coasts also accumulate carbon and 

contain complex wildlife (EUNIS 2010). The appraisal of carbon stocks in this study are limited 

to the riperian woodlands (in the terrestrial habitats of the coastal areas) as these are significantly 

higher than the other habitats and very few studies document carbon in saltmarshes and dunes 

making the acquisition of data very challenging.  

3.3 Water regulations and erosion control  

Freshwater is but a small fraction, approximately 2.5% of the total water on Earth and all human 

enterprise requires water. It is needed for food production, industry, drinking water, inland water 

transport systems, waste dilution and healthy ecosystems (United Nations, 2009). The coastal 

ecosystem consists of habitats that provide services essential to the quality of these requirements.  

Water regulation and erosion control services are assessed for riperian zones, saltmarshes, sandy 

beaches and dunes, as desribed below. 

http://en.wikipedia.org/wiki/Climate
http://en.wikipedia.org/wiki/Biodiversity_Action_Plan
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Riperian zones: The vegetation typically found in riparian zone contains trees, herbs and shrubs 

that thrive in proximity to water. Parkin (2004) shows that riparian zones are instrumental in 

water quality improvement for both surface runoff and water flowing into streams through 

subsurface or groundwater flow. Riparian woodlands are important natural biofilters, protecting 

aquatic environments from excessive sedimentation, pollution from urbanization, agriculture 

(denitrification of the nitrates from fertilizer) and industry. Agricultural development has led to 

widespread increases in the levels of nitrogen (N) and phosphorus (P) (known as eutrophication) 

in lowland watercourses and subsequently nuisance growths of algae and other aquatic plants. 

(Parkin 2004). The Riperian woods also dissipate stream energy, which results in less soil 

erosion and a reduction in flood damage. Sediment is trapped, reducing suspended solids to 

create less turbid water, replenish soils, and build stream banks. The buffer zone area, is 

generally regarded as the strip of land that separates an upland or hillslope area from streams, 

lakes or wetlands. Land use activity is modified in this zone to prevent adverse effects on the 

water quality, biota and habitat within the watercourse.   

Saltmarshes: Salt marshes help protect estuaries from the impacts of nature and humans. The 

special grasses that grow in the marsh can tolerate flooding from salt water. These plants are 

effective storm buffers because they dissipate wave energy and soak up tidal surges. Salt 

marshes start life as mudflats. In areas of sheltered water, like a harbor, the sediment held in the 

water settles out and builds up. As the mudflats build up, different types of plants can grow and 

live there creating a salt marsh habitat made up of blocks of flat low growing vegetation with 

narrow channels between. Salt marshes plants and mud also hold and trap pollutants and excess 

sediment, which helps to improve water quality (Bakker et al 1997). Development and 

urbanization can cause affluent such as fertilizers, sewage, and storm drain runoff all to enter the 

water. If these are left untreated, high levels of these nutrients cause eutrophication which causes 

an initial explosion of algal growth followed by decline in plant life and dissolved oxygen 

(Kulczycki et al 1981, Methanol Institute 2005). 

Sandy beaches and dunes: beaches and dunes also provide a natural buffer to coastal hazards, 

habitat for many estuarine species, and improved water quality. They provide water quality 

services through water filtration, nutrient cycling, nutrient uptake and water storage. Sandy 

http://en.wikipedia.org/wiki/Water_quality
http://en.wikipedia.org/wiki/Groundwater
http://en.wikipedia.org/wiki/Biofiltration
http://en.wikipedia.org/wiki/Sediment
http://en.wikipedia.org/wiki/Denitrification
http://en.wikipedia.org/wiki/Fertilizer
http://en.wikipedia.org/wiki/Sediment
http://en.wikipedia.org/wiki/Turbidity
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beaches also dissipate waves and provide buffering against extreme events such as storms and 

tsunamis (Defeo 2009). 

The above habitats are all fragile and face threats from urbanisation, climate change and sea level 

rise, the area of these habitats will be impacted thus affecting their ability to act as an erosion 

buffer and natural bio-filters for water quality as well being home to many plants and animals.  

4. Economic loss due to sea level rise in the Basque Coast  

We present in this section economic values per hectare for the main habitats found in the Basque 

coast, together with the economic loss associated with sea level rise predicted until 2100 from 

Chust et al 2010.  

4.1 Assessing economic values for the different habitats and EGSs 

Input figures for calculating the economic value per hectare and the total loss are taken from 

Vermoote and De Nocker (2004), Hoyos et al (2007), Dep. of Treasury and Public 

Administration (2004), Murillas et al (2008), Patronato de la Reserva de la Biosfera de Urdaibai 

(2005, 2006). The physical inputs have been provided by AZTI-Tecnalia, Marine Research 

Division in the Basque country in terms of habitats descriptions, their physical characteristics 

and associated EGSs, and projections of flooded area. A high-resolution digital terrain model, 

extracted from LiDAR data, was used to evaluate the potential impact of the estimated sea level 

rise to coastal and estuarine habitats (Chust et al 2010). 

One could argue that the application of value-transfer techniques from worldwide studies would 

not be the most appropriate methodology in this case due to the relatively small scale of the 

Basque Coast, characterised by features specific to the region that are thus ruled out from the 

onset and existing detailed information for the area. All agree that as much as possible, values 

should be context specific, as large differences might arise even if the best value transfer analysis 

is applied. Therefore, our analysis restricts itself to data and studies undertaken for the Basque 

Country. One of such studies refers to the Prestige oil spill which occurred on November 13
th

 

2002, and affected more than a 1000km of coast, stretching from Portugal to the South of France. 

The fuel oil from the crises entered the Bay of Biscay and had significant impacts for the Basque 
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coast. Vermoote and De Nocker (2004), together with some local consultants, carried out an 

extensive, holistic study to estimate the financial and economic costs associated with the spill in 

terms of traditional, cultural, economical, recreational values for the Basque coast. This study 

faced a great restriction of time and data limitations. They value the loss of ecosystem services 

for the whole coast applying a number of methodologies for estimating the non-market impacts. 

An interesting summary of problems faced can be found in Galarraga et al (2004). Another study 

by Hoyos et al (2007) refers instead to a specific area in the Basque coast, the Jaizkibel Mountain 

and provides the economic value of preserving its natural habitats. The values provided by the 

aforementioned studies have been converted into value per hectare and used to preliminary 

computation of the total loss due to sea level rise in the whole Basque Country. Where values are 

given only for specific areas in the coast (such as the Jaizkibel Mountain), we transferred the 

corresponding values per hectare to other parts of the Basque coast characterised by the same 

type of habitat.  

As the objective of the case study is to estimate the economic loss associated with a loss of 

hectares projected for 2100 in the coastal zones of the Basque Country, the appropriate unit of 

measurement is represented by the economic value per hectare of the assets lost, which is a value 

of the stock. Flow values have been converted into stock values or present values, using 

Equation 1 where Vt is the flow value in year t, and i is the discount rate: 

Eq.1 



t

t

i

V
PV

)1(
 

The choice of the appropriate discount rate is crucial when valuing environmental losses, which 

involves long-time and intergenerational impacts. According to Weitzman (2001), a declining 

discount rate should be used for long term natural resource projects in order to account for 

intergenerational equity. Evans (2004) suggests the use of a 3 percent discount rate when valuing 

the near future (<25 years), 2 percent discount rate for the medium future (26-75 years), and 1 

percent discount rate for the distant future (76-100 years). In our study we use 2 and 1 percent 

discount rates as we mainly refer to non-market values which are subject to higer contentious 

than market values, due to intergenerational impacts. 
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The sections below provide a brief description of the main values used for the valuation for each 

habitat and the appropriate sources and justification. 

4.1.1 Sandy and shingle beaches 

Sandy and shingle beaches are analysed within the same category for two reasons. Firstly, it was 

difficult to acquire separate data for the separate categories, much of what is available in the 

public domain does not distinguish between the two types of beaches and secondly due to the 

relatively small area of the Basque Coast. The EGSs provided by the habitats are sufficiently 

similar to justify collating into a single category.  

The economic valuation of beaches is based on the following economic data: (i) beach clean-up 

in 2002-2003 following the Prestige oil spill. These are the direct cost incurred by the official 

authorities of the region affected based on the amounts designated to a number of clean-up 

activities of the beaches and the surrounding areas; (ii) additional clean-up of oil in 2004 (direct 

cost of the specialised cleaning of the oil). The unit clean-up costs are highly dependent on the 

type of surface, thus the study makes a distinction between beaches and the rocky shore. These 

values are on top of those incurred by the government used in (i); (iii) loss of recreational 

services (based on the WTP to benefit from recreational activities in the beaches); and (v) loss of 

passive-use services (based on the WTP to avoid the loss and protect the beaches). 

The first two categories are taken to reflect the minimum amount required to preserve the 

beaches in the Basque Country. The loss of recreational values is related to behavioural changes 

and estimated in terms of willingness to use the beaches (Vermoote and De Nocker, 2004). . 

Passive-use services include both existence and bequest values, which are measured using 

contingent valuation surveys. 

4.1.2 Vegetated dunes 

The Urdaibai estuary is the largest and the best preserved in the Basque country. The area of the 

estuary containing the Laida dunes is part of Location of EU Interest ES2130007 (Urdaibai 

Shoreline & Marshes) and Special Protection Area for Birds ES0000144 (Urdaibai River 

Estuary). The 13.3 hectares of dunes in Urdaibai are the largest area on the Basque coastline, 
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accounting for 41.3% of the total of 36.2 hectares of dunes classed as Locations of EU Interest in 

the Autonomous Community of the Basque Country within the Natura 2000 network (translated 

from Patronato de la Reserva de la Biosfera de Urdaibai 2005) These ecosystems are rare and in 

decline in the Basque coastline. The project to regenerate the dunes at Laida receives funding 

under the European Commission’s LIFE-Nature programme. The project is for a duration of 

three years, whose main aim is to re-project vegetation, which is critical to dune formation and 

stabilization. Without vegetation, blowing sand will migrate inland. The values applied for these 

habitats in the present study are based on the total amount allocated to the regeneration of 

vegetated dunes in Urdaibai (assuming that allocated resources somehow reflect the preferences 

to preserve it) (Patronato de la Reserva de la Biosfera de Urdaibai, 2005 and 2006). The 

amounts cited include the costs of all regeneration activities as well as those spent on monitoring 

and raising public awareness  

4.1.3 Sea cliffs and supralittoral rock 

Hoyos et al (2007) estimated the economic value of the mountainous region of Jaizkibel, in the 

far eastern coast of  The study evaluates the economic loss that would result due to a 

deterioration in the current quality of the natural environment of the surrounding area, and 

estimates the amounts that would be required to protect the formation, consisting mainly of rocks 

and cliffs. 

The methodology used is based on a contingent valuation survey of the inhabitants of Jaizkibal 

in order to estimate their WTP to avoid deterioration of the natural environment of Jaizibel, 

assessed through four environmental attributes: landscape, flora, welfare loss is estimated taking 

into account different levels of degradation of the ecosystem, resulting in 71-214 million euros 

for landscape or aesthetic values, 33-112 million euros for flora and 44-131 million euros for 

avifauna, for year 2006.  

These values were found to be very high compared to the other EGS´s estimated in the literature 

as they incorporate many attributes of the environment, consisting not only of flora and fauna, 

but also aesthetic values. In any case, one could argue that the Basque idiosyncrasy and the 

strong cultural value attached to the scenery could also explain such large values. 
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4.1.4 Wetlands and saltmarshes 

Wetlands along with vegetated dunes are recognized to have high ecological and economic 

values, for the many ecosystem services they provide to human welfare. From an ecological 

point of view, their biological diversity is very high and their ecosystem is very productive, 

which leads also to high economic values. They provide regulating services in terms of water 

quality improvement and micro-climate stabilization; provisioning services in terms of 

commercial fishing and hunting, harvesting of natural materials, fuel wood, surface and 

groundwater supply, flood control and sediment retention; and cultural services in terms of 

amenity and aesthetic values, recreational activities (such as hunting and fishing). As  stated 

earlier as with the case of the area of the Urdaibai estuary is part of Location of EU Interest 

ES2130007 (Urdaibai Shoreline & Marshes) and Special Protection Area for Birds ES0000144 

(Urdaibai River Estuary). 

For wetlands we used restoration costs and total economic value (TEV) estimated through a 

meta-analysis. The restoration values is estimated to be around 230,000 Euro for the 3.79 

hectares of wetlands in the Basque coast, resulting in 60.686 Euro per hectare (General Budget 

2006-Presupuestos Generales de la Comunidad Autónoma de Euskadi 2006, Sección 11, Medio 

Ambiente).  

For the TEV of wetlands we used the study of Kuik et al (2009) who provide mean values per 

hectare per year for each European country. The value estimated for Spain is around 6,647 Euro 

per hectare per year. This value per hectare seems however small, if compared with the values of 

the other services estimated in the Basque Country. Besides, wetlands have been identified as a 

priority for conservation in the Urdaibai region due to the many services they provide and 

considering their extension (Galparsoro et al undated).  

Due to the lack of data available for wetlands in the Basque region (especially economic values), 

these two sources were used in an attempt to offer some estimates even if they are in the lower 

band of the estimates. The two values cannot however be summed up. It can be argued that both 

from a physical and aesthetic point of view it makes sense to value the wetlands higher due to the 

many services they provide. Thus, if the values obtained by Hoyos et al, (2007) are indictative of 

people´s WTP to preserve one habitat, it would be reasonable to assume that people’s WTP 
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would also be substantially higher for the ecologically fragile and aesthetically pleasing marshes 

as they are for the cliffs. In other words, whilst we use the values from the published literature, 

we ascertain that the figure is from our point of view a clear understimation of the true value. 

4.1.5 Terrestrial habitats 

There are ongoing debates on the value of terrestrial ecosystems and the services they provide. 

Aside from timber, carbon is the most cited resource provided by forests particularly in the 

context of a changing climate and the subsequent impacts. Timber values are not utilised in this 

study as forested areas in and around the coasts; mainly riparian areas are protected from 

extraction. The price of carbon has been contentious and many studies (Anielski and Wilson 

2003, Sathaye et al 2005, Khatun et al 2010) have argued that the current values obtainable from 

forestry credits do not come close to representing the true value of the ecosystem and all the 

EGSs discussed in earlier sections. The market price of carbon does not take into account 

influence on livelihoods other than just a matter of economic transactions within the carbon 

markets. We used therefore the social cost of carbon estimated by the EU-funded project 

CASES
2
 using integrated assessment model. The methodological framework builds on two 

phases. First, we identify the biomass carbon capacity in the Basque woodland, measured as ton 

of carbon stocked per hectare (tC/ha). Secondly, we compute annual marginal values of carbon 

stocked per hectare. Quantities of carbon stored are drawn from Myneni et al (2001) who 

provides estimates for temperate and boreal forests. According to this study the capacity of CO2 

sequestration in temperate forests in Europe is around 217.4 tCO2/ha which has been converted 

in tons of carbon per hectare. Prices per ton of carbon are taken from CASES for the baseline 

year of reference 2010. Lower bound estimates are derived from marginal damage costs, 

resulting in 6.80 Euro per ton, while higher bound estimates are based on the marginal avoidance 

costs resulting in 19 Euro per ton. Taking into account the number of hectares of woodland in the 

Basque coast, we obtain a value of carbon stocks per hectare of 1,478-4,131 Euro (2010). 

                                                           
2
 Cost Assessment of Sustainable Energy System  

(Source http://www.feem-project.net/cases/documents/deliverables/ExternalCosts_per_unit_emission_080313.xls 

http://www.feem-project.net/cases/documents/deliverables/ExternalCosts_per_unit_emission_080313.xls
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The woodlands in terrestrial habitats have been valued also for the recreational services and the 

passive-use values they provide. For this purpose we used the meta-analysis estimated by 

Chiabai et al (2009) for forest recreation and passive-use values. Recreational values for the 

Basque country are assessed in the range 174-737 Euro per hectare (2005), while passive-use 

values are in the range 862-1,026 Euro per hectare (2005). 

4.2 Assessment of total economic loss: results 

Results are presented in Table 3 below for the main habitats under valuation. According to 

projections, a substantial area of the Basque coast is predicted to flood by the year 2100, and as a 

result the associated EGS´s will be negatively impacted, reduced with a significant number of 

hectares permanently lost to the region. The total economic loss associated with a sea level rise, 

and measured by the loss of use and non-use values, ranges from 86 to 225 million euro in 2100, 

evaluated at the 2005 prices, and using a 2% discount rate. The associated economic loss per 

hectare ranges from 0.86 to 2 million Euro per hectare. Using the restoration costs the estimated 

loss is much lower, around 1.892 million Euro resulting in a loss per hectare of 18.9 thousands.  

Using a 1% discount rate, which we think might be more appropriate in this context as sea level 

rise impacts the distant future (75-100 years), the loss of use and non-use values increases to 

210-550 million Euro, with a loss per hectare of 2-5.4 million Euro per hectare.  
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Table 3. Projected economic loss due to sea level rise in the Basque country per type of habitat,  

year 2100 (discount rate 2%, € 2005). 

Habitat Category of 

values 
V/ha (1,000 €) Total area 

2004 (ha) 

Projected 

flooded 

area 2100 

(ha) 

Tot loss of 

welfare  

(1,000 €): 

Restoration 

Costs 

Tot loss of 

welfare  

(1,000 €): 

Use and Non-

Use values 
Sandy and 

shingle beaches 

and muds 

Restoration 

costs (beach 

clean-up) 

Recreational 

values 

Passive use 

values 

 

29.9 

 

1,152-2,063 

241-605 

 

 

165.32 

 

 

22.35 

 

 

669.4 

 

 

31,134-59,621 

Vegetated dunes Restoration 

costs 

(ecosystem 

regeneration) 

 

14.4 

 

36.23 

 

7.59 

 

109.4 

 

- 

Sea cliffs and 

supralittoral 

rock 

Restoration 

costs (clean-up 

of rocky areas) 

Passive use 

values 

(biodiversity) 

and aesthetics 

 

30.9 

 

904-2,779 

 

254.75 

 

13.15 

 

406.9 

 

11,883-36,542 

Wetlands and 

saltmarshes 
Restoration 

costs 

TEV of EGSs 

provided by 

wetlands 

60.7 

 

101 

 

178.40 

 

11.63 

 

705.7 

 

1,171 

Terrestrial 

habitat (riparian 

woodland by 

rivers around 

wetlands) 

Carbon storage 

Passive use 

values 

(biodiversity) 

and aesthetics 

Recreation in 

woodland 

Passive use 

woodland 

1.4-4.1 

 

904-2,779 

 

2.4-10.1 

 

11.9-14.1 

 

61.16 

 

45.54 

 

- 

 

41,870-127,845 

Total flooded 

area (2100) 
   100.26   

Total economic 

loss 
    1,892 86,058-225,179 

Loss per hectare     18.9 858-2,246 



23 

 

The majority of the projects carried out where habitats are valued have different criteria and are 

works in progress, in the early or middle stages of inception. The numbers in some cases are 

lower where the methodology has taken into consideration the concept of restoration costs, and 

higher where non-market values for use and non-use are used. For example figures obtained 

from the dune restoration project in Urdaibai are under-valued as they are based on “fixing” and 

restoring existing habitats. Thus from a preservation point of view, losses and restoring are a 

gradual processes, that cannot be inclusive of the total economic value (TEV) of a loss due to sea 

level rise that would be permanent. 

Economic figures, such as those taken from the Prestige report are also likely to be undervalued 

in terms of the long term environmental damage that has occurred. The oil slicks for example 

cannot be removed in their entirety; most cleaning methods leave some oil particularly in 

between the boulders. According to the authors, the cleaning process after a certain point cause 

more environmental damage than the remaining oil. So even though the unit cost for cleaning up 

the rocks are higher than the beach for example due to their inaccessibility and less prioritised 

compared to the revenues attracted by tourism for the beaches,  the willingness to pay for the 

conservation of the same habitat valued by Hoyos et al (2007) are up to 8 times higher 

highlighting that the values computed for TEV of EGSs of the Basque coast  as whole is a  

significant underestimation. The relatively high aesthetic values of the from the Jaizkibel study 

show that people WTP for this intangible service is higher than for the tangible many of the 

physical services. It is difficult to compare these values with other existing studies, due to the 

scarcity of literature on the subject, and to the complex and diverse characteristics of a relatively 

small area like the Basque Country Where possible there has been an attempt to value based on 

the regional, however, a number of points should be noted, the figures are given from a number 

of sources, the nature and the valuation techniques a swell as the assumptions vary to make 

comparison difficult. Valuing EGS´s of complex systems, under the aegis of biodiversity 

attempts to encompass a number of wide ranging benefits to human society, many of which are 

not well understood, therefore applying a single unambiguous monetary value only provide a 

partial answer to the problem at hand. This is particularly significant when habitats are dealt with 

separately with different aims, methodologies etc. Each type of valuation requires a specific set 

of tools from either or both the social and natural sciences.  However, the purpose of the studies 
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noted here as well as others globally (Nunes et al 2009) are for somewhat two different but 

complementary purposes, they are demonstrating that the services provided by nature are worth 

protecting, in the case where it may threatened as with the jazekibal study and expansion as is the 

case with the dune restoration project in Urdaibai, if there is a potential to do so. Studies such as 

these, highlight the need for multidisciplinary approach, and offers a guide to adaptation 

strategies and provides a contribution towards a more. Based on the results obtained, we would 

recommend a more “holistic” study of the various habitats and the relations and interactions with 

each other in an attempt to value EGS´s specific for the entire Basque Coast. 
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