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ANNEX I. IDENTIFICATION OF ECOSYSTEM SERVICES 

The identified services provided by ecosystems are described below: 

- Atmospheric gas and climate regulation. Life exists on Earth owing to a gas chemical 

balance and transfer between the oceans and the atmosphere. Ecosystems are home to 

biotic and abiotic processes which influence this balance, such as the carbon dioxide and 

oxygen balance, the ozone layer maintenance or the regulation of sulphur oxides. 

Changes in these balances can have positive or negative impacts on natural and 

economic processes. 

 

- Disturbance regulation. Some ecosystems provide a buffering function which protect 

human built structures or populations from destructive hazards. For example, beaches, 

wetlands and floodplains help mitigate the effects of storms and flood by trapping and 

containing storm water. Coastal island vegetation, beaches and seagrass communities 

can also reduce the damage of wave action and storm surges. 

 

- Freshwater regulation and supply. Forests and wetlands, as well as the aquifers 

underground and permeable soil can store water flowing in from rivers or rainfall. This 

then allows humans to have an important water source when other sources are dry, as 

in this case, rather than seeping through the ground, the water is retained and gradually 

released. 

 

- Erosion control and soil formation. Natural systems, terrestrial and seagrasses both 

create and enrich soil through weathering and decomposition and retain soil by 

preventing it being washes away during rainstorms. This is especially noticeable in sandy 

coastlines. 

 

- Waste treatment. Many ecosystems such as forests, wetlands or seagrass communities 

provide a natural filter for certain pathogens, nutrients, metals and sediments. In fact, 

constructed wetlands are a well-documented measure implemented in some river 

water-treatment plants. This services benefits humans, flora and fauna, as water quality 

is improved in a number of ways, including toxic compound reduction or increasing 

dissolved oxygen. 

 

- Pollination. Pollination is essential for many human activities, including ornaments and 

flower businesses, food production and agricultural processes. More than 87% of the 

world’s flowering plants, including 80% of the world’s species of food plants, rely on 

pollinator species for reproduction. Over 100,000 invertebrate species such as bees, 

moths, butterflies, beetles and flies serve as pollinators worldwide. At least 1,035 

species of vertebrates, including birds, mammals, and reptiles, also pollinate many plant 

species. The US Fish and Wildlife Service lists over 50 pollinators as threatened or 

endangered, and wild honeybee populations have dropped 25% since 1990. Pollination 

is essential for many agricultural crops, and substitutes for local pollinators are 

increasingly expensive. 

 

 



2 
 

- Biological control. A food chain is a linear network of links in a food web starting from 

producer organisms and ending at apex predator species. A food chain also shows how 

the organisms are related with each other by the food they eat. Each level of a food 

chain represents a different trophic level. Human activities can alter trophic levels and 

cause the instability of the whole food chain, as this is its nature. In this line, over 

harvesting or over fishing promotes not only the depletion of population stocks but from 

other species by by-catch. 

 

- Habitat/refugium. Ecosystems provide physical spaces for the community of living 

organisms to develop and fulfil their basic functions. It is obvious to say that if the 

physical boundaries of an ecosystem are narrowed, the capacity to hold plant and 

animal life decreases. 

 

- Genetic resources. The self-maintaining diversity of organisms developed over 

evolutionary time (capable of continuing to change). Genetic resources are measurable 

at species, molecular and sub molecular levels. 

 

- Aesthetic and recreation. Natural systems can attract many economic activities with 

direct repercussion on the surrounding areas. Tourism to these areas can often be 

significant, and the area may be exploited in a natural way. Real estate values in the 

region may have an increased value. 

 

- Cultural and spiritual. The diversity of landscapes is one factor that influences the range 

of shared and accepted values and practices common to those in a particular landscape. 

Landscapes are typically identified with spiritual and historic values.  
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ANNEX II. VALUE OF ECOSYSTEM SERVICES PER LAND COVER 

AND SERVICE 

The values given in (Brenner 2007) are expressed in 2004 US Dollars per hectare and year. The 

calculations in this thesis will be expressed in 2016 Euros, hence the first step is to take into 

account the exchange rate between US dollars and euros in 2004. The average exchange rate 

between these two currencies in 2004 was: 

1 𝐸𝑈𝑅 (2004) = 1.243 𝑈𝑆𝐷 (2004) 

The second step is to consider inflation. This will be done by using the calculator provided by the 

Spanish National Statistics Institute in (Instituto Nacional de Estadística, Actualización de rentas 

con el IPC general para periodos anuales completos 2016). According to the institute, between 

March 2004 and March 2016 there has been a 24.0% inflation in Spanish economy. 

Both of the factors described above have been taken into account and the results for the value 

of ecosystem services are presented in the table below. 

Note: hyphens indicate lack of available data. 
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Ecosystem services (2016 €/ha*yr) 

D
o

m
ai

n
 

Land cover 
Gas / 

Climate 
regulation 

Disturbance 
regulation 

Water 
regulation 

Water 
supply 

Erosion 
control 

Soil 
formation 

Nutrient 
cycling 

Waste 
treatment 

Pollina-
tion 

Biological 
control 

Habitat / 
regufia 

Genetic 
resources 

Aesthetic & 
recreation 

Cultural 
& 

spiritual 

Total per 
ha 

(€/ha*yr) 

C
o

as
ta

l &
 

m
ar

in
e

 

Shelf 
(<50 m) 

- - - 1,284 - - 1,783 - - 49 - - - 86 3,201 

Seagrass bed - - - - - - 24,170 - - - - - - - 24,170 

Beach or dune - 67,237 - - - - - - - - - - 36,598 59 103,895 

Saltwater 
wetland 

- 764 - - - - - 13,344 - - 496 - 64 444 15,111 

Te
rr

es
tr

ia
l 

Temperate 
forest 

133 - - 402 122 12 - 109 399 5 2,275 20 300 2 3,779 

Grassland 7 - 5 - 37 7 - 109 32 30 - - 2 - 228 

Cropland - - - - - - - - 20 30 2,048 - 37 - 2,135 

Freshwater 
wetland 

330 9,015 7,360 3,806 - - - 2,066 - - 278 - 3,466 2,194 28,515 

Open 
freshwater 

- - - 1,009 - - - - - - - - 878 - 1,886 

Riparian buffer - 216 - 4,736 - - - - - - - - 3,377 10 8,339 

Urban 
greenspace 

828 - 15 - - - - - - - - - 5,253 - 6,096 

Table 1. Ecosystem service value 
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ANNEX III. CONSIDERATIONS FOR THE CALCULATIONS FOR 

THE CASE STUDIES 

Identifying and measuring areas 

As has been mentioned, the affected areas have been taken as the ones described in (Dir. Gral. 

de Sostenibilidad de la Costa y del Mar 2011). To calculate the total area for the four studied 

regions, as for the subsequent subareas, the tool provided on the internet by Daft Logic has been 

used. Daft Logic has a tool for calculating areas using the information provided by Google Maps, 

a free distribution tool in its website. All the areas and subareas calculated in this thesis have 

been based on the calculations in this free tool. 

The first step has been to calculate the total area comprised. Then, subareas have been defined 

to calculate the different regions. To determine the land use, Google Maps or other applications 

have been used. Hence, it has been possible to break down the total area into subareas for every 

different land use. 

The distinction between ordinary continental shelf and seagrass bed should be made. As has 

been explained in other parts of the thesis, Posidonia oceanica is a protected species found in 

some parts of the Catalan coast. In 1994, the Control Network of Biologic Quality in 

Spermatophyte Beds was created in Catalunya, who since 2002 has managed 41 monitoring 

stations to control the activity and state of seagrass beds. 

The station in Mataró has detected Posidonia oceanica at an 18 meter depth (CRAM 2007). The 

density is of 150 vascular bundles per square meter, with a 33.27% coverage and 3.56 depth of 

burial. The study by the UB university also concludes that Posidonia oceanica is found in the 

vicinities of the Maresme coast, but in depths of over 10 meters, as can be seen in the figure 

below. Thus, as the affected areas studied in this thesis are all well below 10 meter depth, 

seagrass beds are not encountered in the case studies. 
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Figure 1. Posidonia oceanica location along the Maresme coast. Source: (Jornada efectes del canvi climàtic en el 
litoral 2007) 

Urban streets have been assumed to have a 10 meter width, and so only their length has been 

calculated to determine its area. Similarly, national roadways such as the N-II and railways have 

been calculated using their length rather than their area, as the value per km will be applied in 

their valuation. 

Valuing socioeconomic losses 

As has been explained, socioeconomic losses have been valuated with the values found in 

(Agència Tributaria de Catalunya 2016). Firstly, municipalities are divided in this report to 

account for the differences in land value. Hence, for the first case study Premià de Mar is in 

category A06; for the second Vilassar de Mar is in A04; for the third, as the majority of building 

complexes are in Mataró’s municipality and not Cabrera de Mar, category A08 has been 

considered; and for the river Tordera delta Malgrat de Mar is in category A09. 

As has been said, the values for building complexes are the result of multiplying the M factor 

(720€) by the building typology factor and the building quality. For the former, its values can be 

found in the report of the Tax Administration Agency. As no field study can be conducted in this 

thesis to determine building quality, all buildings have been considered to have a medium 

quality and hence the former factor has not been taken into account. 

On the other hand, land value is directly tabulated in the report. Its values depend on the 

category of the location. A medium category has been considered, as the higher categories only 

apply to the busiest streets in Barcelona and the lowest to the most rural regions. 
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Parking lots are not valuated on a per area basis. Instead, each car parking slot has a given value. 

For this reason, an estimate on the number of slots has been carried out when necessary and 

multiplied by the value found in the report. 

The values applied to the secondary highway N-II and Renfe’s train tracks have been found in 

(Garola 2015), by taking into consideration the total productive capital stock of infrastructure in 

Catalunya and the network’s length. This has resulted in a road and rail km value. 

For railways, it is important to consider whether it consists of double tracks or a singular one, as 

the length will be doubled in the former case. 

For urban streets, the values given in (Agència Tributaria de Catalunya 2016) are considered, as 

they also include the costs for preliminary earthworks and planning, as well as the work itself. 

Valuing natural losses 

When it comes to natural losses, the values in Annex II are considered. These ecosystem services 

are given in €/ha*year. As the areas calculated are given in m2, the conversion from hectares to 

m2 will proceed. It should also be noted that the values are expressed in a per year basis, as the 

benefits that these ecosystem provide are calculated on a yearly basis. Hence, the conversion to 

absolute values, and not referred to a scale of time must be carried out. 

To pass from per year values to absolute values, the Spanish official rate of interest will be taken 

into consideration. This is the rate of interest legally fixed by Spanish authorities which is used 

to calculate the compensatory damages a debtor must pay to a creditor, which is fixed in the 

year 2016 as 3% (Banco de España 2016).  
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ANNEX IV. LAND VALUE FOR SOCIOECONOMIC ELEMENTS 

AND BEACHES 

In this Annex the values considered for the valuation of each land cover corresponding to 

socioeconomic elements and beaches are displayed. 

As has been explained in other parts of the thesis, the values for real estate has been found in 

(Agència Tributaria de Catalunya 2016), together with the values for green urban areas and 

parking lots. 

For transportation infrastructure, the following formulas have been considered: 

𝑅𝑜𝑎𝑑 𝑘𝑚 𝑣𝑎𝑙𝑢𝑒 [
€

𝑘𝑚
] =

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑜𝑓 𝑟𝑜𝑎𝑑𝑠 [€]

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑜𝑎𝑑 𝑛𝑒𝑡𝑤𝑜𝑟𝑘[𝑘𝑚]
 

 

𝑅𝑎𝑖𝑙𝑤𝑎𝑦 𝑘𝑚 𝑣𝑎𝑙𝑢𝑒 [
€

𝑘𝑚
] =

𝑃𝑟𝑜𝑑𝑢𝑐𝑡𝑖𝑣𝑒 𝑐𝑎𝑝𝑖𝑡𝑎𝑙 𝑠𝑡𝑜𝑐𝑘 𝑜𝑓 𝑟𝑎𝑖𝑙𝑤𝑎𝑦𝑠 [€]

𝐿𝑒𝑛𝑔𝑡ℎ 𝑜𝑓 𝑟𝑎𝑖𝑙𝑤𝑎𝑦 𝑛𝑒𝑡𝑤𝑜𝑟𝑘[𝑘𝑚]
 

 

The necessary data has been found in (Garola 2015) and the results are displayed in the following 

table. 

 Productive Capital Stock [€] Network length [km] Network value [€/m] 

Roadways 24,805,882,027 € 11,915 2,082 

Railways 16,370,879,939 € 1,900 8,616 
Table 2. Land value for transportation infrastructure 
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 Value [€/m2] 
Value [€/m] 

Value 
[€/unit]  

Constructions 
value 

Land value TOTAL 

  Premià Vilassar Mataró Tordera Premià Vilassar Mataró Tordera - - 

Residential 
buildings 

720 512 700 334 280 1232 1420 1054 1000 - - 

Commercial 
facilities 

936 358 490 234 196 1294 1426 1170 1132 - - 

Office buildings 864 358 490 234 196 1222 1354 1098 1060 - - 

Hotels (5 stars) 1944 512 700 334 280 2456 2644 2278 2224 - - 

Hotels (4 stars) 1458 512 700 334 280 1970 2158 1792 1738 - - 

Hotels (3 stars) 1166 512 700 334 280 1678 1866 1500 1446 - - 

Hotels (2 stars) 972 512 700 334 280 1484 1672 1306 1252 - - 

Hotels (1 stars) 826 512 700 334 280 1338 1526 1160 1106 - - 

Sanitary facilities 936 256 350 167 140 1192 1286 1103 1076 - - 

Cultural buildings 720 256 350 167 140 976 1070 887 860 - - 

Educational use 
buildings 

720 256 350 167 140 976 1070 887 860 - - 

Industrial facilities 720 276 378 180 151 996 1098 900 871 - - 

Sporting facilities 324 - - - - 324 324 324 324 - - 

Green areas 72 - - - - 72 72 72 72 - - 

Urban streets - 190 190 - - 

Parking space - - - - - - - - - - 12000 

Roadways - - - - - - - - - 2082 - 

Railways - - - - - - - - - 8616 - 

Table 3. Land value for socioeconomic elements
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For the land valuation of beaches, the land value for the different municipalities has been 

considered, which is a result of the following formula: 

𝐿𝑎𝑛𝑑 𝑣𝑎𝑙𝑢𝑎𝑡𝑖𝑜𝑛 [
€

𝑚2] =
𝐿𝑜𝑐𝑎𝑙 𝐺𝐷𝑃 [€]

𝐿𝑎𝑛𝑑 𝑠𝑢𝑟𝑓𝑎𝑐𝑒 [𝑚2]
 

The Gross Domestic Product and the land surface for the four municipalities considered has been 

found in (Institut d'Estadística de Catalunya 2014), and the results are presented in the table 

below. 

 local GDP [€] Surface [m2] Value [€/m2] 

Premià de Mar 361,300,000 € 2,100,000 172.05 

Vilassar de Mar 337,500,000 € 4,000,000 84.38 

Mataró 2,576,400,000 € 22,500,000 114.51 

Malgrat de Mar 411,400,000 € 8,800,000 46.75 
Table 4. Land value for beaches in the four municipalities in the case studies 

 


