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A B S T R A C T   

The mapping and assessment of ecosystem services supplied by Atlantic coastal zone biomes provide a highly 
valuable source of information for understanding their current and potential benefits to society. The main 
objective of this research is to map and assess the values provided by Provisioning, Regulating & maintenance 
and Cultural ecosystem services on the Atlantic coastal zone over the period 2005–2015. Global ecosystem 
service value (ESV) functions were applied to a 100 km coastal zone of countries on the Atlantic coastal zone, 
using land use and socio-economic data for 2005, 2010 and 2015. Results show that total Cultural ecosystem 
service values (ESVCult) are largest along the Atlantic coastal zone (50 % of ESVTotal), that Tropical Forest is the 
biome that provides the largest total ecosystem service value (33 % of ESVTotal) and that Latin America & 
Caribbean is the Atlantic coastal zone with highest ecosystem service values (55 % of ESVTotal). Results also show 
a decrease in natural areas, mainly due to the increase in urban areas along the Atlantic coastal zone. Despite this 
process, there is an increase in unit ecosystem service values over time (+21 %) due to an increase in income 
(+13 %) and population (+15 %) over the period 2005–2015. These trends in ESV over the years deserve careful 
attention by policy makers. A decrease in the supply of (due to land use conversion) and the increase in demand 
for (due to income and population growth) ecosystem services could, potentially, lead to jeopardizing ecosystem 
services over time.   

1. Introduction 

Coastal zones are among the most important regions for humanity. 
More than 30 % of the world population live in coastal communities – 
which are twice as densely populated as inland areas [1–3] – and nearly 
2.4 billion people (about 40 % of the world population) live within 100 
km (60 miles) of the coast [4]. Out of the 33 world megacities, 21 are 
found on the coast [5] and their resident population directly benefits 
from as well as impacts on the environment and coastal ecosystems. 
There are numerous interactions between coastal communities and 
natural ecosystems, and it is increasingly recognized that natural eco-
systems play a crucial role in determining human wellbeing [6]. 

Coastal areas are diverse, highly productive, ecologically important 
on the global scale and highly valuable for the wide range of ecosystem 
services (ES) they supply to human beings (e.g. [7–9]). The ecosystem 

service types include (1) Provisioning services, such as supply of food, 
fuel wood, energy resources and natural products; (2) Regulating & 
maintenance services, such as shoreline stabilization, nutrient regula-
tion, carbon sequestration, detoxification of polluted waters and waste 
disposal; and (3) Cultural services, such as tourism, recreation, aes-
thetics, spiritual experience, and religious and traditional knowledge [6, 
10]. These ES and associated values are of inestimable importance to life 
and human wellbeing, both to communities living in coastal zones as 
well as to national economies and global trade. However, they are highly 
vulnerable to anthropogenic pressures such as climate change impacts, 
sea level rise, erosion and storm events as well as being subject to 
population growth and economic development pressures [11]. 

Historically, in the late 1990 s and early 2000 s, the concept of ES 
slowly found its way into the policy arena, namely through the 
“Ecosystem Approach” and the Global Biodiversity Assessment [12]. In 
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2005, the concept of ES got wider interest after the publication of the 
Millennium Ecosystem Assessment (MEA) by the United Nations [13]. 
Numerous projects and groups are currently working towards better 
understanding, modeling, valuing and managing ES and natural capital 
[13]. 

In the scientific arena, an increasing number of scientific publica-
tions seeks to assign monetary values to ES at different spatial scales, 
from local to global [7,13–15]. These types of contributions look at the 
value of a wide range of ES with a variety of methods and aim at 
reducing the shortcomings associated with the recurrent unavailability 
and, hence, exclusion of nature’s values from policy and 
decision-making. 

An important way to investigate the human dependence on coastal 
ES is to examine their estimated values, paying attention to their evo-
lution over time. Generating estimates of their value can help informing 
policymakers by providing them insights about the costs and benefits of 
their actions when managing and developing coastal areas. Also, this 
type of analysis can be used to support policy decisions, especially under 
data poor situations [3]. 

Monetary valuation advocates for a more efficient use of limited 
resources and helps in deciding where protection and restoration are 
economically more efficient and can be delivered at least cost [16,17]. 
The outcomes of ES valuation studies can support coastal management 
decisions and conservation policies through, e.g., the establishment of 
compensation schemes [18], estimation of payments for environmental 
services [19] and assessment of rates for the use of an ecosystem based 
on costs of ecosystem degradation [20]. Even considering the limitations 
of the monetary valuation of ES [21], it is far better to work with rough 
and ready figures than to ignore large amounts of natural capital goods 
by pretending they do not exist [22]. 

The first step in estimating ES values is to develop a biophysical 
assessment of their availability that, more than determining their overall 
provision or accessibility, focusses on their actual use and benefit by 
humans [3]. However, this exercise proves to be extremely difficult for 
many reasons. While some ES are inherently spatial, easier to evaluate 
and more directly measurable than others, assessments need to rely on 
mapping or modeling of their flow in space and time [6]. The fact that 
biophysical assessments depend on the status of scientific knowledge 
and data availability, pushes several authors to rely on proxies to 
identify service provision, as opposed to benefits, especially in cases 
where there is lack of consensus on the best or ideal measurement units 
for these ES. Thus, finding a common metric is crucial -and also chal-
lenging- to inform robust policy decisions. That is why monetary valu-
ation, even in the absence of biophysical assessments, becomes a 
common language and framework in which the available information 
can be analyzed, and trade-offs can be evaluated [3]. 

Although the results of ES valuation studies are increasingly applied, 
non-market valuations typically have a limited geographical scope and 
are also dependent on socio-economic and cultural contexts. By using 
results from earlier empirical studies and applying their conclusions to 
new policy sites, different from that of the original study, benefit transfer 
arises as an attractive possibility that helps dealing with time and budget 
constraints whenever reliable primary valuations are unavailable [15, 
23,24]. However, local characteristics, such as ES location, accessibility, 
quality, territorial extension and socio-cultural dimensions, are crucial 
factors when estimating the ES value [20,25]. Thus, the value transfer 
technique is particularly troublesome when the study site (i.e. where the 
primary valuation study took place) and the policy site (i.e. where the 
values from the primary valuation study are transferred to) are in 
different geographic and socio-economic contexts [26]. However, the 

value function transfer technique, in particular when based on 
meta-analysis (MA),1 arises as an alternative to the value transfer 
technique as it considers phenomenon-intrinsic and context-specific 
factors, such as the methods and variables used in the primary valua-
tion study [23]. 

Previous MA have derived value functions for specific coastal biomes 
and ES types, including coral reefs [27], aquatic systems [28], recrea-
tional services of coastal ecosystems [15] or shoreline protection values 
of mangroves, coral reefs and wetlands [3]. Albeit including a wide 
range of observations, these studies are limited to analyzing only one or 
few biomes and/or ecosystem service types [3,15,28–30]. Hence, there 
is a need to assess the full range of coastal biomes and ecosystem service 
types to allow policy makers to consider coastal ES and values in their 
coastal management decisions, development strategies and conservation 
policies. Also, there is a lack of comprehensive studies covering the 
whole Atlantic coast. 

Therefore, the objective of this study is to map and assess the values 
for 12 biomes and three different types of ecosystem service types 
(Provisioning; Regulating & maintenance; Cultural) for a coastal zone of 
100 km of all the 63 countries that, together, form the Atlantic coastal 
zone, over the period 2005–2015. To this end, global value functions for 
a wide range of coastal biomes and ES value types are used and applied 
to countries on the Atlantic coastal zone, using land use and socio- 
economic data for 2005, 2010 and 2015. Hence, evolutions and trans-
formations of ecosystem services values on the Atlantic coastal zone are 
mapped, assessed and considered. Finally, results are discussed and re-
flected upon, and the relevance for coastal management and policy 
makers is emphasized. 

2. Materials and methods 

The approach adopted in this study integrates global ecosystem 
service value functions (derived by [31]; see Section 2.1) and historical 
land use and socio-economic data for countries on the Atlantic coastal 
zone (see Section 2.2), to understand changes in land use, income and 
population (Section 3.1) that underpin changes in unit ecosystem ser-
vice values (Section 3.2) and that are used to estimate changes in total 
ecosystem service values (Section 3.3) for countries on the Atlantic 
coastal zone for 2005, 2010 and 2015 (see Fig. 1). 

Fig. 1. Schematic overview of the methodology.  

1 Meta-analysis (MA) is based on the application of regression-based tech-
niques (i.e., meta-regression) which allow for the consideration of the impact of 
explanatory variables on the formation of ES values across a set of study sites 
[15]. 
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2.1. Global value functions for ecosystem services valuation 

Global ecosystem service value functions from [31] are used to es-
timate Provisioning, Regulating & maintenance and Cultural ecosystem 
service values for countries on the Atlantic coastal zone. In their study, 
[31] use the Ecosystem Service Valuation Database ESVD; see [32] to 
estimate meta-regression functions for Provisioning, Regulating and 
maintenance, and Cultural ecosystem services based on, respectively, 
302, 225 and 109 value estimates. Provisioning services include food, 
raw materials, fibers, energy and water, and are mainly based on direct 
market pricing, production function and group valuation studies. 
Regulating and maintenance services include climate regulation, erosion 
control, environmental regulation, genepool maintenance and pollina-
tion, and are mainly based on avoided cost, mitigation/restoration cost 
and payment for ecosystem services studies. Finally, Cultural ecosystem 
services include recreation, aesthetics, spiritual, inspirational and 
cognitive, and are mainly based on travel cost, hedonic pricing and 
contingent valuation studies. Using transfer error analysis, they show 
that the application of the meta-regression functions provides values 
with greater accuracy as compared to simple value transfer – in partic-
ular when applying local independent variable values. 

In their study, [31] use primary valuation data from the Ecosystem 
Service Valuation Database [32] in combination with additional 
explanatory variables such as income, population density and protection 
status (from [33,34]). Table 1 lists and describes the main variables used 
in their meta-analysis. 

They [31] use a semi-log functional form specification for the ES 
value functions, which implies that the marginal effect of a change in 
ESV depends on income and population density [28,30]. The Provi-
sioning (ESVProv), Regulating & maintenance (ESVReg&main) and Cultural 
(ESVCult) ecosystem service value functions are determined by the type 
of biome (DBiome), location of the continent (DContinent), level of protec-
tion in study area (FProt; MProt; NProt; [35]), the terrestrial (TProt) and 
marine (MProt) protected area [36], the percentage of agricultural 
(APer) and forest (FPer) land [37], population density (PDen) [1] and/or 
income (GNI) [35], and are respectively given by: 

ln(ESVProv) = α0 + α1 × DBiome +α2 × DContinet +α3 × TProt+α4

× APer+ α5 × ln(PDen)+α6 × ln (GNI) (1)  

ln
(
ESVReg&main

)
= β0 + β1 × DBiome + β2 × DContinet + β3 × FProt+ β4

× FPer + β5 × MProt+ β6 × TProt+ β7 × ln(PDen)+ β8

× ln (GNI)
(2)  

ln(ESVCult) = γ0 + γ1 × DBiome + γ2 × DContinet + γ3 × PProt+ γ4

× MProt+ γ5 × ln(PDen)+ γ6 × ln (GNI) (3)  

where α0, β0 and γ0 are constants, and α#, β# and γ# are variable 
regression estimates. Resulting regression coefficient estimates, as used 
in the current study, are summarized in Table 2. 

2.2. Study area delimitation, mapping and data 

The focus of this study is the whole of countries (or part of countries) 
on the Atlantic coastal zone. The coastal zone is that “part of land most 
affected by its proximity to the sea, and that part of the ocean most affected 
by its proximity to the land” [38] p.5. Coastal zone has been defined as 
being located within 100 km of the coastline following [4,5,39]), where 
the coastal zone is defined as being located within 100 km of the 
coastline. It is argued that this definition allows to cover most in-
teractions between aquatic and terrestrial ecosystems that may occur on 
the coastal zone. 

To proceed with the mapping of the Atlantic coastal zone, we base 
our calculations on the delimited area within 100 km of the coastline, 

Table 1 
Meta-analysis (MA) variables description and sources [31].  

Variables Description Data Source 

APer Agricultural land refers to the share of land area 
that is arable, under permanent crops, and under 
permanent pastures, by percentage of land area. 

FAOSTAT 
(2020) 

FPer Forest area with natural or planted stands of trees 
of at least 5 m in situ, by percentage of land area. 

MProt Percentage of marine protected areas, from 
territorial waters of a country. 

World Bank 
(2020) 

TProt Percentage of terrestrial areas totally or partially 
protected, designated by national authorities. 

GNI Gross National Income per capita, using 
purchasing power parity rates. 

PDen Population density is the midyear population 
divided by land area in square kilometers. 

Dummies  
CSys; CWet; 

CoRf; 
CuAr; Dser; 
FrWa; 
Gras; InWt; 
Mari; 
TeFo; TrFo; 
Wood 

Biomes: Coastal System; Coastal Wetland; Coral 
Reef; 
Cultivated Area; Desert/Snow; Fresh Water; 
Grassland; Inland Wetland; Marine; 
Temp./Bor. Forest; Tropical Forest; Woodland. 

ESVD 
(20200) 

Euro; Asia; 
Ocea; 
LaAm; 
NoAm; Afri 

Continents: Europe; Asia; Oceania; 
Latin America & Caribbean; North America; 
Africa. 

FProt; PProt; 
NProt 

Protection Status: Fully Protected; Partially 
Protected; Not Protected.  

Table 2 
Meta-regression model specification for ecosystem servicesa [31].  

Explanatory 
variablesb 

ESVProv ESVReg&main ESVCult 

Coef. t-Test (sig.) Coef. t-Test (sig.) Coef. t-Test (sig.) 
CONSTANT -6.41 0.01 -3.46 0.19 -7.37 0.03 
CSys 2.68 0.01 3.98 0.01 – – 
CWet 2.22 0.01 4.19 0.01 1.35 0.20 
CoRf – – 4.68 0.01 2.48 0.01 
CuAr 3.69 0.01 3.07 0.01   
Dser – –     
FrWa 2.17 0.19 – – – – 
Grasc – – – – – – 
IWet 2.03 0.01 4.77 0.01 1.48 0.20 
Mari 2.18 0.15 – – -2.47 0.12 
TeFo – – 3.35 0.01 -3.09 0.01 
TrFo 2.06 0.01 2.4 0.01 1.2 0.20 
Wood – – – – – – 
FProt – – -1.73 0.01 – – 
PProt – – – – 1.17 0.05 
NProtc – – – – – – 
Euroc – – – – – – 
Asia – – – – -1.75 0.06 
Ocea – – – – -1.33 0.16 
LaAm 1.76 0.01 – – 1.33 0.18 
NoAm – – – – – – 
Afri – – -2.12 0.01 – – 
Aper -0.04 0.01 – – – – 
FPer – – -0.02 0.05 – – 
MProt – – -0.02 0.19 -0.05 0.01 
TProt -0.05 0.10 -0.05 0.06 – – 
ln _GNI 0.87 0.01 0.49 0.03 1.04 0.01 
ln _PDen 0.59 0.01 0.66 0.01 0.48 0.09 
N 302 225 109 
Rb 0.19 0.46 0.38 

Notes:Dependent variable is ln _ESVi 
a ESVProv = Provisioning ecosystem service values; ESVReg&main = Regulating 

& maintenance ecosystem service values; ESVCult = Cultural ecosystem service 
values. 

b See Table 1 for variable descriptions. 
c Variables used as the basis for analysis of the dummies. 
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covering 63 countries (see Fig. 2).2 Small countries with a coastal area 
less than 10 ha were not considered in the analysis, Greenland was 
adopted as a country (part of the North American continent), and the 
islands located in Central America were united to form the Caribbean 
small states region. 

In turn we build a historical land use database in order to obtain 
values and trends over time. We use data from the Climate Change 
Initiative - Land Cover (CCI-LC),3 available from the European Space 
Agency [40]. From CCI-LC we use the land use information for the years 
2005, 2010 and 2015 and, using GIS tools, extract information related to 
the Atlantic coastal zone. As the CCI-LC land use typology is different 
from that chosen in this study, we perform a reclassification of land 
cover according to the biomes used in the value functions. This results in 
the following land uses: Coastal System, Coastal Wetland, Cultivated 
Area, Desert/Snow, Fresh water, Grassland, Inland Wetland, Temper-
ate/Boreal Forest, Tropical Forest, Woodland and Urban Areas (see  
Table 3). Explanatory variable values for agricultural land as a per-
centage of land area (APer) and forest area as a percentage of land area 
(FPer), are obtained from FAOSTAT [31]. The marine protected areas as a 
percentage of national territorial waters (MProt) and the terrestrial pro-
tected areas as a percentage of national terrestrial area (TProt), are ob-
tained from the World Bank [34]. 

Finally, we build a historical income and population database for 
gross national income (GNI) and population density (PDen) per country. 
To this end, we use data from the World Bank [34] (see Table A1 of the 
Supplementary Materials). 

3. Results 

3.1. Land-use and socio-economic changes on Atlantic coastal zone 

When conducting ES value analysis, it is crucial to understand the 
land-use and socio-economic dynamics, not only to provide a diagnosis 
of the study area but, in particular, to understand the land use, income 
and population evolution over time that underpin changes in unit 
(Section 3.2) and total (Section 3.3) ES values. We divided our analysis 
by continents (Africa, Europe, Latin America & Caribbean and North 
America) and calculate their total area by biome, for each year. Table 4 
presents the area (in 103 ha) for each biome, in 2005. 

The Atlantic coastal zone has great diversity of biomes, with pre-
dominance of natural (<80 %) over anthropic (>20 %) areas. In general, 
the main biomes are Tropical Forest (TrFo) in the Southern Hemisphere, 
Temperate or Boreal Forest (TeFo) in the Northern Hemisphere and 
Cultivated Area (CuAr), which represent more than 50 % of the Atlantic 
coastal zone. Other natural biomes are Woodlands (Wood) and Grass-
land (Gras) that, although occupying a smaller area, represent a large 
percentage of the total area. However, each continent has its own 
characteristics. Table 4 shows that the most significant land use type is 
Cultivated Area (CuAr) on the African coastal zone, and Temp./Bor. 
Forest (TeFo) and Tropical Forest (TrFO) in the European, Latin Amer-
ican & Caribbean and North American coastal zones. The less important 
– generally declining – land use types are Inland Wetland (InWt) and 
Coastal System (CSys), which represent less than 3 % of the Atlantic 
coastal zone. 

To perform an evaluation of land use transformation over the period 
2005–2015, we examined the differences between each biome along the 

Atlantic coastal zone. Results, as shown in Table 5 (in 103 ha), indicate 
an expressive increase in Urban Area (UrbA) across the Atlantic coastal 
zone as well as a significant decrease in Forest (TrFo and TeFo) in Africa, 
Europe and North America. Grassland (Gras) also suffer a major decrease 
in Africa, while Cultivated Area (CuAr) and Fresh Water (FrWa) are 
significantly reduced in Latin America & Caribbean. 

Urbanization (UrbA) is observed at higher rates in Africa (+35.1 %) 
followed by Latin America (+22.8 %), North America (+21.2 %) and 
Europe (+6.9 %). These differences are basically due to the relatively 
late process of economic development and demographic growth in Af-
rica as compared to Europe. However, in relation to area (in ha), North 
America presented the largest increase in Urban Area (+1.4 million ha) 
due to its larger absolute coastal area. 

In Europe and North America, deforestation of, in particular, Temp./ 
Bor. Forest (TeFo), has resulted in the transformation into different bi-
omes. In the case of Europe, these changes were into anthropic biomes, 
increasing Urban Area (UrbA) and Cultivated Area (CuAr) by 1.48 
million ha, and the remaining Woodland (Wood) by 1.8 million ha, 
mainly into Agroforestry areas with low diversity (predominantly pine 
and eucalyptus). In North America, Temp./Bor. Forest (TeFo) and 
Cultivated Area (CuAr) decreased by more than 1.6 million ha, resulting 
in the transformation of these areas into, mostly, Urban Area (UrbA; 
+1.4 million ha) and Woodland (Wood; +0.2 million ha). 

On the African coast, there is a decrease in natural areas, especially 
in Tropical Forest (TrFo), Grassland (Gras) and Woodland (Wood), which 
together decreased by almost 1.0 million ha. This area has been con-
verted into anthropic, Urban Area (UrbA) and Cultivated Area (CuAr), 
and a small part has been transformed into a Coastal System (CSys; +
111.2 thousand ha), mainly bare areas such as dunes, shrubs and cliffs. 
There is also a decrease in Inland Wetland (InWt) that, although small in 
area (about 2.3 thousand ha), represents a high percentage loss (− 21.9 
%). 

The Latin America & Caribbean coastal zone showed a reduction in 
the Cultivated Area (CuAr; − 1.3 million ha), losing 2.2 % of their area by 
2015. Agricultural activities in these countries moved to more inland 
areas, while most of the vacated area has changed to Urban Area (UrbA; 
+ 0.6 million ha), Tropical Forest (TrFo; +368 thousand ha), and 
Woodland (Wood; due to the use for agroforestry exploitation). 

Considering the socio-economic situation and changes over the 
period 2005–2015, information about average GNI and PDen per 
continent (based on specific data for the corresponding countries along 
the Atlantic coastal zone) are shown in Fig. 3. GNI per capita (Fig. 3a) 
showed an increase in Atlantic coastal zone countries over the years. 
Countries located in the Northern Hemisphere, Europe and North 
America, present higher income (with a GNI per capita of $37–40 
thousand) than countries in the South, Latin America, Caribbean and 
Africa (which show GNI per capita values of below $17 thousand). 
However, although GNI is smallest in Africa, it has been the fastest 
growing (more than +20.0 % between 2005 and 2015), while in Europe 
and North America GNI growth rates were lower (+10.0 % between 
2005 and 2015). 

In all considered continents, population density increased over the 
period 2005–2015 (Fig. 3b). Higher PDen are located in the European 
coastal zone (120.0 inhabitants/km2). However, the second most 
populated continent on the Atlantic coastal zone is Africa, followed by 
Latin America & Caribbean and North America occupying the last po-
sition (less than 25 inhabitants/km2). African countries had the highest 
population growth rate over the concerned period, with PDen increasing 
by 28.0 % between 2005 and 2015, while Europe it grew by less than 
4.0 % over the same period. 

On the Atlantic coastal zone, the considered countries showed an 
increase in urbanization as well as income and population density over 
the years. There was also a decrease in natural areas, mainly in the 
Northern Hemisphere, with emphasis on the European coastal zone. 
North America has the largest GNI and smallest PDen, with a large 
decrease in natural areas along the Atlantic coastal zone, especially 

2 For the list of countries in the analysis as well as the corresponding 
explanatory variable values applied in the value functions, see Table A1 of the 
Supplementary Materials.  

3 The CCI-LC project delivers consistent global land use data at 300.00 m 
spatial resolution on an annual basis from 1992 to 2015 for the whole world. 
The Coordinate Reference System (CRS) used for the global land cover data-
bases is a geographic coordinate system (GCS) based on the World Geodetic 
System 84 (WGS84) reference ellipsoid. 
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temperate forests. Understanding these issues is crucial in ES valuation 
which, as will be presented below, are intertwined with land use and 
occupation as well as socioeconomic factors. 

3.2. Unit ecosystem service value changes on Atlantic coastal zone 

Unit ecosystem service values (ESVProv, ESVReg&main and ESVCult; in 
€/ha/year), obtained by applying the ecosystem service value functions 
derived by [31] and using national values for explanatory variables 
(namely GNI, PDen, MProt, TProt, APer and FPer) for the years 2005, 

2010 and 2015, are presented in this section. Unit ESV by biome and 
continent or country are, respectively, presented in tables and maps.4 

It is shown that unit ESV tend to increase over the years, mainly due 
to the increase in income and population density. Each biome evaluated 
presents unique values, according to its location and other national 
characteristics. The next subsections present a description of the unit 
ecosystem service values by type (Provisioning; Regulating & mainte-
nance; Cultural). 

3.2.1. Unit value of provisioning services 
Provisioning services are related to materials creation, such as food, 

water, raw materials, fibers, energy and water. The highest unit ESVProv 
are observed in Cultivated Area (CuAr), the land use type where food, 

Fig. 2. Study Area: Atlantic coastal zone.  

Table 3 
Land cover reclassification.  

Biome Land cover (CCI-LC land use typology) 

CSys Coastal System Bare (Un/Consolidated) Areas in Europe, Latin America 
& Caribbean, North America 

CWet Coastal 
Wetland 

Tree cover, flooded, saline water and Shrub or 
herbaceous cover, flooded, fresh/saline/brakish water 

CuAr Cultivated 
Area 

Cropland, rainfed; Herbaceous cover; Tree or shrub 
cover 

Dser Desert/Snow Permanent snow and ice and; Bare (Un/Consolidated) 
Areas in Africa 

FrWa Fresh Water Water bodies 
Gras Grassland Grassland; Sparse vegetation; Sparse tree; Sparse shrub 

and; Sparse herbaceous cover. 
InWt Inland 

Wetland 
Tree cover, flooded, fresh or brakish water 

TeFo Temp./Bor. 
Forest 

Tree cover, broadleaved, needleleaved and mixed leaf 
type, evergreen and deciduous in the northern 
hemisphere 

TrFo Tropical Forest Tree cover, broadleaved, needleleaved and mixed leaf 
type, evergreen and deciduous in the southern 
hemisphere 

Wood Woodland Mosaic natural vegetation (tree, shrub, herbaceous 
cover) with cropland or shrubland (<50 %) 

UrbA Urban Area Urban areas  

Table 4 
Atlantic coastal zone land use per continent for 2005 (in 103 ha).  

Continents 
\ 
Biomes1 

Africa Europe Latin America & 
Caribbean 

North 
America 

CSys 2167.39 10,128.85 1028.64 4374.74 
CWet 4539.12 15,160.00 8958.75 6253.70 
CuAr 51,344.05 101,166.91 58,547.82 32,272.67 
Dser 44,553.33 406.81 948.22 49,599.03 
FrWa 2472.72 18,396.12 8957.20 15,509.22 
Gras 13,445.43 66,065.92 56,529.54 36,266.72 
InWt 10.36 3.72 8338.24 9962.09 
TeFo – 134,397.52 – 144,151.06 
TrFo 41,445.89 – 130,571.77 – 
Wood 31,061.10 37,156.64 74,492.07 33,344.84 
UrbA 1063.48 9049.43 2624.50 6782.75 
Total 192,102.86 391,931.92 350,996.76 338,516.82 

Note:1 See Table 3. 

4 See also the ESV by country, in Table A2 of the Supplementary Materials. 
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fiber and wood production are most concentrated. The Latin America & 
Caribbean coastal zone showed the highest unit value associated with 
this biome, increasing from 663 to 889 €/ha/year over the period 
2005–2015 (Table 6) due to a growth in population and income (both 
leading to increased demand). Other biomes with high provisioning 
services unit values are associated with Coastal System (CSys) and 
Inland Wetland (InWt), which contribute to the production of food, raw 
materials and water. 

In general, the coastal zones with the highest unit ESVProv are in Latin 
America & Caribbean (values ranging between 179 and 239 €/ha/year), 
which is explained by the high natural productivity of tropical regions in 
combination with high population density (demand) in these coastal 
areas. Another continent with a high unit ESVProv is Europe (ESVProv 
between 191 and 215 €/ha/year), which is explained by the high income 
(willingness-to-pay) and population density (demand) in its coastal 
areas. The lowest unit provisioning ES values are observed in Africa 
(unit ESVProv between 18 and 26 €/ha/year), given its low income and 
population density. 

Fig. 4 presents the unit ESVProv (in €/ha/year) for each country on the 
Atlantic coastal zone, where it clearly stands out that smaller unit values 
(ESVpro < 10 €/ha/year) are concentrated on the African coastal zone 
together with countries such as Greenland and Malvinas/Falkland 
Islands. The main reasons for these low values are the large concentra-
tion of low value-added biomes, such as Desert/Snow (Dser), and the low 
population density (demand). 

Countries with the highest unit values (ESVProv >750 €/ha/year) are 
located on the European coastal zone, mainly in Belgium and 
Netherlands, with unit values ranging from 843 to 905 €/ha/year and 
726–797 €/ha/year, respectively, namely due to the high percentage of 
coastal area that is dominated by agricultural activities (the biome with 
higher associated unit ESVprov) in combination with the high income 
(willingness-to-pay) and population density (demand). The Latin 
American coastal zone also presents high unit values in provisioning 
services, especially in Colombia and Panama (ESVProv > 690 €/ha/year). 
This is, also, due to the high percentage of coastal area dominated by 
highly productive agricultural activities in combination with high pop-
ulation density (demand). 

3.2.2. Unit value of regulating & maintenance services 
Regulating & maintenance services are indirectly enjoyed by 

humans, such as climate regulation, erosion control, environmental 
regulation, genepool maintenance and pollination. Results for the 
Atlantic coastal zone indicate that the biomes with the highest associ-
ated unit ESVReg&main are Coastal System (CSys), Coastal Wetland (CWet) 
and Inland Wetland (InWt), notably in the Northern Hemisphere 
(Table 7). These biomes, which feature the interface between aquatic 
and terrestrial environments, generate a series of passive benefits that 
are often not directly acknowledged by users and non-users [41]. 
Coastal zones in the Northern Hemisphere, namely Europe and North 
America, host a wide range of high-value economic activities as well as 
densely populated cities (in particular in Europe) that benefit from these 
regulating and maintenance services and, hence, unit ESVReg&main are 
high. On the other hand, in the Southern Hemisphere, namely Africa and 
Latin America & Caribbean, coastal areas mainly host lower-value 
agricultural activities and less densely populated cities (in particular 
in Latin America & Caribbean) and, thus, associated unit ESVReg&main are 
low. 

Table 7 and Fig. 5 show that the European coast presents the highest 
ESVReg&main unit values, followed by the North American coastal region. 
The EU countries with the highest unit values are Netherlands, with 
(ESVReg&main > 1000 €/ha/year), Denmark and Belgium, respectively 
(ESVReg&main > 500 €/ha/year each). Besides their high income and 
population density, these countries concentrate a wide range of wet-
lands areas (CWet and InWt) that provide large regulating & mainte-
nance services and values. Results also show low ESVReg&main values 
associated with countries on the African and Latin American coastal 

Table 5 
Changes in Atlantic coastal zone land use per continent over the period 
2005–2015 (in 103 ha and %).  

Continents 
\ 
Biomes1 

Africa Europe Latin America & 
Caribbean 

North 
America 

CSys 111 (5.1 %) -18 (− 0.2 
%) 

8 (0.8 %) 61 (1.4 %) 

CWet -13 (− 0.3 
%) 

157 (1.1 %) 48 (0.5 %) -9 (− 0.2 %) 

CuAr 570 (1.1 %) 854 (0.8 %) -1311 (− 2.2 %) -205 (− 0.6 
%) 

Dser -8 (− 0.1 %) 0 (0.0 %) 0 (0.0 %) 0 (0.0 %) 
FrWa -33 (− 1.3 

%) 
1 (0.1 %) -96 (− 1.1 %) -10 (− 0.1 %) 

Gras -315 (− 2.4 
%) 

229 (0.36 
%) 

64 (0.1 %) -61 (− 0.2 %) 

InWt -2 (− 21.9 
%) 

0.3 (7.8 %) 36 (0.4 %) -19 (− 0.2 %) 

TeFo – -3621 
(− 2.7 %) 

– -1392 (− 1.0 
%) 

TrFo -588 (− 1.4 
%) 

– 368 (0.3 %) – 

Wood -95 (− 0.3 
%) 

1770 (4.8 
%) 

284 (0.4 %) 197 (0.6 %) 

UrbA 373 (35.1 
%) 

628 (6.9 %) 599 (22.8 %) 1438 (21.2 
%) 

Note:1 See Table 3. 

Fig. 3. Socio-economic indicators over the period 2005–2015: A) Gross Na-
tional Income per capita (GNI) and B) Population Density (PDen), for continents 
in the Atlantic coastal zone. 
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zone (below ESVReg&main < 100 €/ha/year), with the exception of 
Uruguay, which presents a value of 121–149 €/ha/year over the period 
2005–2015. 

3.2.3. Unit value of cultural services 
Cultural ES reflect people’s physical and mental interactions with 

nature and are increasingly recognized for providing non-material 
benefits to human societies [42], such as recreation, aesthetics, spiri-
tual, inspirational and cognitive. The regions that provide largest unit 

ESVCult are Latin America & Caribbean, well-known for their paradisiac 
coastal zones that constantly receive millions of tourists from all over the 
world. For example, in 2019, tourism accounted for 42 % and 10 % of 
total exports (goods and services) in Latin America and the Caribbean 
Islands, respectively. Its share exceeded 50 % in some countries of the 
Caribbean [35]. The biomes with the higher associated ESVCult are 
Inland Wetland (InWt), with values between 2.4 and 3.0 thousand 
€/ha/year, followed by Coastal Wetland (CWet), with values between 
1.3 and 1.7 thousand €/ha/year, and Tropical Forest (TrFo), with values 

Table 6 
Unit Provisioning ecosystem service values (ESVProv) per continent and biome for 2005, 2010 and 2015 (in €/ha/year, 2015 price levels).  

Continents 
\ 
Biomes1 

Africa Europe Latin America & Caribbean North America 

2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 

CSys 50 59 66 223 229 244 245 307 328 88 92 101 
CWet 14 16 19 190 195 209 147 181 199 130 134 146 
CuAr 43 51 62 599 634 672 663 806 889 472 489 533 
Dser 2 2 2 44 45 49 49 57 69 1 1 1 
FrWa 15 16 20 210 222 235 175 211 239 112 116 126 
Gras 1 1 1 13 13 14 16 20 22 7 7 8 
InWt 9 12 15 264 280 298 117 141 152 119 123 134 
TeFo – – – 28 29 31 – – – 15 15 17 
TrFo 22 25 30 – – – 138 168 191 – – – 
Wood 1 2 2 19 20 22 12 14 16 14 15 16 
ESVProv (av.) 18 21 26 191 203 215 179 215 239 66 68 74 

Note:1 See Table 3. 

Fig. 4. Unit Provisioning ecosystem service values (ESVProv) per country for 2005, 2010 and 2015 (in €/ha/year, 2015 price levels).  
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between 1.2 and 1.5 thousand €/ha/year (Table 8). The unit ESVCult 
values obtained for Latin America & Caribbean are much higher than 
those for other continental coastal areas (624–817 €/ha/year) – up to 6 
times higher than in Europe, the second coastal zone with high associ-
ated cultural values. 

Considering the unit ESVCult (in €/ha/year) of each country on the 
Atlantic coastal zone (Fig. 6), countries with the smallest unit values 
(ESVCult < 10 €/ha/year) are concentrated on the African coastal zone, 
Greenland and Malvinas/Falkland Islands, due to the earlier mentioned 

low population density and large concentration of low-value biomes. 
Countries with the highest unit values (ESVCult > 500 €/ha/year), are in 
Latin America & Caribbean, highlighting those such as Venezuela 
(1.3–1.6 thousand €/ha/year) and Brazil (1.0–1.3 thousand €/ha/year) 
in South America, followed by Costa Rica and Panama in Central 
America. 

Table 7 
Unit Regulating & maintenance ecosystem service values (ESVReg&main) per continent and biome for 2005, 2010 and 2015 (in €/ha/year, 2015 price levels).  

Continent 
\ 
Biomes1 

Africa Europe Latin America & Caribbean North America 

2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 

CSys 0 0 0 348 361 375 302 355 374 110 115 122 
CWet 59 70 80 752 765 798 215 252 267 596 621 661 
CuAr 18 21 24 393 401 415 104 120 129 201 210 225 
Dser 0 0 0 0 0 0 0 0 0 0 0 0 
FrWa 1 1 1 7 7 8 3 4 4 5 5 6 
Gras 1 1 1 24 24 26 6 7 7 4 4 4 
InWt 53 67 75 526 546 572 158 177 185 991 1026 1089 
TeFo – – – 182 188 195 – – – 188 195 208 
TrFo 6 7 8 – – – 22 25 27 – – – 
Wood 1 1 1 14 14 15 5 6 7 7 7 7 
ESVReg&main (av.) 8 9 11 208 212 220 38 43 46 142 147 156 

Note:1 See Table 3. 

Fig. 5. Unit Regulating & maintenance ecosystem service values (ESVReg&main) per country for 2005, 2010 and 2015 (in €/ha/year, 2015 price levels).  
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3.3. Total ecosystem service value changes on Atlantic coastal zone 

After estimating the unit ecosystem service (ESV) values by type of 
service for each country and biome on the Atlantic coastal zone, these 
values are multiplied by the area per biome and aggregated to obtain the 
Total ecosystem service value (ESVTotal; in €/year). Our results indicate 
an increase in the ESVTotal over the years (see Tables 9 and 10) – from 
585.4 billion in 2005–709.7 billion Euros in 2015 (+21 %). 

The biomes with the highest total ecosystem service value on the 

Atlantic coastal zone are Tropical Forest (TrFo; ESVTotal 177–234 billion 
€/year), followed by Cultivated Area (CuAr; ESVTotal 170–198 billion 
€/year; see Table 9). Although these biomes are not the ones with the 
highest unit values, they occupy a large area on the Atlantic coastal zone 
– representing about 60 % of the ecosystem service values along the 
Atlantic coastal zone, mainly in Europe and Latin America & Caribbean 
coastal zones. 

The highest valued areas are in Latin America & Caribbean (ESVTotal 
between 295 and 387 billion €/year) and Europe (ESVTotal between 197 

Table 8 
Unit Cultural ecosystem service values (ESVCult) per continent and biome for 2005, 2010 and 2015 (in €/ha/year, 2015 price levels).  

Continent 
\ 
Biomes1 

Africa Europe Latin America & Caribbean North America 

2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 

CSys 19 25 29 210 214 215 360 443 463 98 101 101 
CWet 81 99 121 913 914 904 1280 1570 1676 284 293 293 
CuAr 0 0 0 0 0 0 0 0 0 0 0 0 
Dser 0 0 0 0 0 0 0 0 0 0 0 0 
FrWa 22 26 33 177 183 182 341 419 452 137 141 141 
Gras 21 26 31 157 156 156 158 200 216 24 25 25 
InWt 67 82 92 724 725 864 2377 2849 2968 199 205 205 
TeFo – – – 9 9 9 – – – 7 8 8 
TrFo 83 96 121 – – – 1160 1413 1516 – – – 
Wood 25 30 34 251 255 251 320 396 421 160 166 165 
ESVCult (av.) 26 30 37 102 104 104 624 764 817 40 41 41 

Note:1 See Table 3. 

Fig. 6. Unit Cultural ecosystem service values (ESVCult) per country for 2005, 2010 and 2015 (in €/ha/year, 2015 price levels).  
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and 215 billion €/year), while the lowest valued areas are observed on 
the African coastal zone (ESVTotal 10–14 billion €/year). The high values 
obtained for Latin America & Caribbean are mainly due to the large 
Cultural ecosystem service values in the region, while Europe and Africa 
hold, respectively, high and low income and population accessing ES. 

Table 10 shows the ESVTotal for each type of ecosystem service, by 
continent. It is shown that ESVCult represents 50 % of the ESVTotal on the 
Atlantic coastal zone (278–354 billion €/year), while ESVProv and ESV-
Reg&main account, respectively, for around 27 % and 22 %. Most of the 
value of Cultural ES comes from the Latin America & Caribbean coastal 
zone (about 80 %, 219–287 billion €/year). Europe represents around 
55 % of Regulating & maintenance services (82–86 billion €/year). The 
coastal zones of Europe and Latin America & Caribbean together 
generate nearly 85 % of the Provisioning services (75–84 €/year billion 
and 63–84 billion €/year, respectively). 

4. Discussion, reflection and relevance 

4.1. Comparison with other coastal ecosystem service valuation studies 

As to validate the ES values found in our analysis, we compare our 
results with similar previous studies in coastal areas. Studies performed 
until now offer rather disparate results (see Table 11). Average unit 
ecosystem service values in these studies, across all types of ES and all 
types of biomes, vary between 87 and 8379 €/ha/year. Lowest unit 
ecosystem service values are observed in Martinez et al. [5], which is 
explained by their coastal zone delimitation (100 km buffer from 
coastline, including a larger share of ES with lower unit value) and for 
world scale analysis (thus including a larger share of low unit value 
Desert/Snow areas). Alves et al. [43], Roebeling et al. [11] and Paprotny 
et al. [44] use a coastal zone delimited by a 10 km buffer (thus including 
a larger share of near-coast ES with higher unit value, such as Coastal 
Systems and Coastal Wetlands) and adopted value transfer; Paprotny 
et al. [44] thereby also include values for Urban Systems (with high unit 
value). 

In this study we present comparatively low average unit ecosystem 

service values (~460 €/ha/year), as it uses a coastal zone delimited by a 
100 km buffer (thus including a larger share of ES with lower unit 
value). Our research covers the Atlantic coastal zone (thus also including 
the dry tropics areas) and it does not include values for Urban Systems. 
Also, our study uses value function transfer rather than simple value 
transfer – where the latter is, generally, known to lead to questionable 
ecosystem service valuation [1,45]. 

4.2. Reflecting on ecosystem service values over time 

As demonstrated in this study, natural areas endowed with greater 
ES values are decreasing, while the total and unit ES values of the 

Table 9 
Total ecosystem service value (ESVTotal) per continent and biome for 2005, 2010 and 2015 (in 109 €/year, 2015 price levels).  

Continent 
\ 
Biomes1 

Africa Europe Latin America & Caribbean North America Atlantic coastal zone (Total study Area) 

2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 

CSys 0.2 0.3 0.3 7.9 8.1 8.6 0.9 1.1 1.2 1.3 1.4 1.5 10.4 10.9 11.6 
CWet 0.7 0.8 1.0 28.1 28.4 30.8 14.7 18.0 19.3 6.3 6.5 7.1 49.9 53.8 58.2 
CuAr 3.1 3.7 4.4 100.4 105.4 110.9 44.9 53.3 58.3 21.7 22.5 24.3 170.1 184.9 197.9 
Dser 0.1 0.1 0.1 0.0 0.0 0.0 0.1 0.1 0.1 0.0 0.0 0.0 0.2 0.2 0.2 
FrWa 0.1 0.1 0.1 7.3 7.6 8.1 4.7 5.6 6.2 3.9 4.1 4.4 15.9 17.4 18.8 
Gras 0.3 0.4 0.4 12.8 12.8 14.0 10.2 12.8 13.9 1.3 1.3 1.4 24.6 27.3 29.8 
InWt 0.0 0.0 0.0 0.0 0.0 0.0 22.1 26.5 27.7 13.0 13.5 14.4 35.2 40.0 42.1 
TeFo – – – 29.4 29.9 30.9 – – – 30.3 31.3 33.3 59.7 61.2 64.2 
TrFo 4.6 5.3 6.5 – – – 172.4 210.6 227.1 – – – 176.9 215.8 233.7 
Wood 0.8 1.0 1.1 10.6 11.1 12.1 25.1 31.0 33.2 6.0 6.3 6.9 42.6 49.4 53.3 
ESVTotal 9.9 11.6 14.1 196.5 203.3 215.4 295.1 359.1 386.9 83.9 86.9 93.3 585.4 660.9 709.7 

Note:1 See Table 3. 

Table 10 
Total ecosystem service values (ESVTotal) per ecosystem service type and continent for 2005, 2010 and 2015 (in 109 €/year, 2015 price levels).  

Continent 
\ 
ES1 

Africa Europe Latin America & Caribbean North America Atlantic coastal zone 
(Total study Area) 

2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 2005 2010 2015 

ESVProv 3.4 4.1 4.9 74.9 79.4 84.4 62.8 75.6 84.0 22.3 23.0 25.0 163.4 182.1 198.3 
ESVReg&main 1.5 1.8 2.1 81.5 83.2 86.3 13.3 15.2 16.2 48.1 49.8 52.9 144.3 150.0 157.5 
ESVCult 4.9 5.8 7.1 40.1 40.7 44.7 219.0 268.3 286.7 13.6 14.0 15.4 277.7 328.8 353.9 
ESVTotal 9.9 11.6 14.1 196.5 203.3 215.4 295.1 359.1 386.9 83.9 86.9 93.3 585.4 660.9 709.7 

Note: 1 ESVProv = Provisioning ecosystem service values; ESVReg&main = Regulating & maintenance ecosystem service values; ESVCult = Cultural ecosystem service 
values. 

Table 11 
Average unit (in €/ha/year) ecosystem service values (ESV) for studies analyzing 
coastal ecosystem services (2015 price levels).  

Authors Year of 
valuation 

Scale/Location Service 
analyzed1 

ESV 
(€/ha/ 
year) 

Martinez et al. 
[5] 

1997 World coast ESVTotal 

Values from  
[14] 

86.9 

Alves et al.  
[43] 

2006 Central 
Portuguese coast 

ESVTotal 

Values from  
[14] 

1237.9 

Roebeling 
et al. [11] 

2000 European coast ESVTotal 

Values from  
[14] 

969.6 

Paprotny et al. 
[44] 

2018 European coast ESVTotal 

Values from  
[12,13] 

8378.5 

This study 2005 Atlantic coast ESVTotal 

Values based 
on [31] 

459.7 

Note: 1 ESVProv = Provisioning ecosystem service values; ESVReg&main 
= Regulating & maintenance ecosystem service values; ESVCult = Cultural 
ecosystem service values; ESVTotal = Total ecosystem service values. 
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Atlantic coastal zone are increasing over the years. To understand this 
change, it is important to acknowledge that ecosystems do not provide 
any service to people without the co-production of human-nature in-
teractions (human capital), their communities (social capital) and their 
built environment built capital; [46]. This co-production process is 
presented in Fig. 7a, which shows that ES do not flow directly from 
natural capital to human wellbeing. Rather, it is only through the 
interaction with the other three forms of capital that natural capital can 
provide benefits to people [13,47]. This is why sparsely populated areas 
presented lower ES values, as for example the African coastal zone, 
while more densely populated and higher income areas presented higher 
ES values, such as the European coastal zone. 

Another important point to consider is the ecosystem service demand 
versus supply dilemma (Fig. 7b). First, note that the stocks and flows of 
ecosystem services by nature tend to be inelastic (the ES supply side) 
while the consumption of ES by humans tends to be elastic (the ES de-
mand side; [13]). Second, ES demand tends to increase with higher 
population (PDen) – indicating that proximity to the market of potential 
visitors results in higher ecosystem service values [15,28,29] – leading 
to an outward shift of the demand curve and increase in equilibrium 
value (price). Hence, ecosystem service values are increasing with 
population growth over time, while noting that the marginal increase in 
ESV is decreasing in population density [28,30]). Third, if not 
adequately managed, however, excess demand will lead to degradation 
of ecosystems and a reduction in the supply of ecosystem services – 
leading to an inward shift of the supply curve and, also, an increase in 
equilibrium value (due to scarcity; see Fig. 7b). Hence, ecosystem ser-
vice values are increasing with ecosystem (service) scarcity over time 
[12]. Forcing the full internalization of all environmental costs into the 
cost structure of products and services throughout production and value 
chains, will lead consumer market prices to reflect these costs and, 
subsequently, to a reduction in demanded quantity and, thus, a reduc-
tion in degradation and transformation of natural systems. 

Thus, ESV growth deserves caution because through an over- 
simplistic analysis a basic interpretation could be derived in that the 
“richness” of ES available in a country is growing. However, in case a 
country presents income stagnation, the value of the ES will also 
decrease. Analogously, a decrease in population may also lead to a 
decrease in ESV, as human and social capital will be lower over time. 
Some European countries, such as Portugal, exhibit these characteris-
tics. Therefore, policies are needed for conservation and recovery of 
biomes that provide ES that are critical for human well-being [13]. It is 
recognized that biosphere capacity serves as the basis for human 
well-being, and that human well-being is embedded in and rests on a 
resilient biosphere [48]. 

4.3. Relevance for coastal management and policy makers 

The supply of ES is critical to human wellbeing, though can be 
impaired by changes in complex dynamic ecosystems induced by land 

use transformation, overexploitation and pollution [49]. Thus, to 
change the status-quo and explore alternative transformative pathways, 
societies need to manage common natural capital in a more effective and 
sustainable way [50,51]. Environmental economics, through ecosystem 
service valuation, mapping and assessment, helps decision makers to 
adequately balance the benefits of preserving or protecting healthy 
natural ecosystems against the benefits of developing a region and the 
costs of recovering ecosystems from exploitation and/or pollution [52]. 

All ecosystems deliver a broad range of services, some of which have 
particular economic or social value. However, many ES are either 
undervalued or have no direct value in current decision making pro-
cesses, although crucial to human well-being. For the most part, policy 
decision-making processes take account only of traded goods. They 
thereby ignore the value of the majority of ES that will be altered by 
transformation, exploitation and pollution. The valuation of benefits 
enables decision-makers to place a value on changes in services that are 
not captured by markets [22]. For example, there is currently an 
increased effort to analyze the link between physical and mental human 
health and wellbeing and the marine environment [53]. This is highly 
relevant because the ES concept is not fully incorporated in EU policies 
yet, although it is gradually becoming more integrated, particularly in 
policies governing natural ecosystems [54]. Balvanera et al. [55] argue 
that global frameworks are needed to guide consistent monitoring of 
changes in human-nature interactions across space and time, as to un-
derstand how ecosystems support societies and can inform policy 
design. They consider that Monitoring Essential Ecosystem Service 
Variables (EESVs) can provide a comprehensive picture of how links 
between nature and people are changing – similar to the United Nations 
System of Environmental and Economic Accounting - Experimental 
Ecosystem Accounting (SEEA-EEA) that provides a coherent accounting 
approach to the measurement of environmental assets and ecosystem 
services [56]. 

Commonly, economic theory and research fails to incorporate envi-
ronmental values and disregard their economic impact on human wel-
fare [11,36]. However, to halt the loss and degradation of coastal 
natural capital, the reinforcement of ecosystem conservation policies 
and the improvement of the way resources are used, are crucial to attain 
sustainable development. Integrated Coastal Zone Management (ICZM, 
Directive 2002/413/EC) and the Marine Strategy Framework Directive 
(MSFD; Directive 2008/56/EC), which provide an integrated approach 
to the protection of coasts and marine waters in Europe, rely on envi-
ronmental and ecosystem accounting, mapping and valuation to assess 
environmental, social and economic impacts of planning decisions. Es-
timates of coastal ES values, expressed in monetary units, like those in 
this research, are thereby essential to raise awareness in societies about 
the significance of these services provided by natural capital relative to 
other services provided by human, social and built capital [13]. Based 
on simple value transfer, previous studies have done this at global level 
(e.g. [12, 13,14]) as well as for world coastal e.g. [3,5,15], continental 
coastal e.g.[11] and national coastal (e.g. [43]) ecosystems. ES value 

Fig. 7. A) Interaction between the different capitals that provide human well-being B) Supply and demand curves of ESV over time (based on [13]). 
(adapted from [13]) 
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estimates in these studies are, however, not context specific – i.e. they do 
not consider local characteristics, such as ecosystem location/accessi-
bility, quality, territorial extension and socio-cultural dimensions, 
which are essential when estimating ecosystem service values e.g. [20, 
25]. 

Insight into the distribution of coastal ES and values across types of 
biomes, services, countries and continents, as provided in this study, is 
key to identify what values are at stake and for whom, in particular in 
the context of the increasing need for equitable distribution of benefits. 
Land-sea interactions (see MSFD; Directive 2008/56/EC) and global 
changes, such as population growth, economic development and climate 
change, put pressure over these coastal ES and values and, hence, it can 
be assessed what biomes, services, countries and continents are mostly 
affected. Again, based on simple value transfer, such ecosystem service 
value loss assessments have been performed for European coastal e.g. 
[11,[44] and national coastal local coastal e.g. [30,43,57] ecosystems, 
with the aim to support coastal protection planning. 

Finally, insight in the importance of human, social and built as well 
as natural capital services and values is crucial in the definition of 
coastal adaptation strategies. Global changes put pressure over coastal 
human, social and built capital services and values as well as over nat-
ural capital services and values. Coastal adaptation strategies, including 
retreat, accommodation, and protection measures [58,59], should be 
based on full welfare analyses that consider human, social and built as 
well as natural capital services and values [60]. This will, for example, 
lead to coastal adaptation strategies that not only protect the traditional 
human, social and built capital services and values, but also, natural 
capital services and values [61]. 

5. Conclusions 

This study presents a global ecosystem service value function 
application to map and assess the ecosystem service values (ESV) asso-
ciated with Provisioning (ESVProv), Regulating & maintenance (ESV-
Reg&Main) and Cultural (ESVCult) ecosystem services (ES) for the Atlantic 
coastal zone. Results show that, although there was a decrease in natural 
areas along the Atlantic coastal zone over the period 2005–2015, the 
ESV increased over time, mainly due to the increase in population 
density (PDen) and national income (GNI). 

The economic value of ES along the Atlantic coastal zone increased 
by 21 %, from 585 billion to 710 billion €/year between 2005 and 2015. 
Tropical forests have been the highest appreciated biome, valuing 
177–234 billion €/year over this period. Across the considered conti-
nents, the largest total ecosystem service value (ESVTotal) was found for 
Latin America & Caribbean, mainly due to the high value associated 
with Cultural services. Lowest ESVTotal were found for Africa, due to its 
lower population density and income and, also, the relatively large 
presence of low-value biomes such as Deserts. 

Some caveats remain. First, we used global ecosystem service value 
functions from Magalhães Filho et al. [31], which is based on data from 
the Ecosystem Service Valuation Database [32] that includes more than 
320 studies published until 2009. Since then, numerous primary valu-
ation studies have been developed – as evidenced by the recently 
updated ESVD (October, 2021) that now includes over 900 studies 
published until 2020 (https://www.esvd.net/). Second, for this assess-
ment we considered a null value (0 €/ha/year) for urban areas, as the 
global value functions did not present any ecosystem service value for 
urban biomes, although it is known – and we acknowledge so – that 
there are values associated with urban ecosystems as they contain green 
areas (e.g. parks, squares, vegetable gardens, woods) and other services 
that urban areas themselves may provide. Finally, it is important to 
highlight that the observed increase in ESV over the years deserves 
careful consideration. A possible economic slowdown and/or population 
decrease in combination with the current natural capital consuming 
economic model for growth, could lead to jeopardizing the ecosystems, 
services and values due to increasing demand for and decreasing supply 

of ES. 
This study expects to serve as a warning signal by presenting which 

ES and biomes have the highest associated values in each region along 
the Atlantic coastal zone as well as which countries have the highest ES 
value associated with their coastal zone. Moreover, it emphasizes the 
need to maintain and conserve natural ecosystems for present and future 
generations. 

Declaration of Competing Interest 

The authors declare that they have no known competing financial 
interests or personal relationships that could have appeared to influence 
the work reported in this paper. 

Acknowledgements 

Thanks are due for the financial support to FCT/MCTES for the 
financial support to CESAM (UIDB/50017/2020 and UIDP/50017/ 
2020) through national funds and the co-funding by European funds 
when applicable. This study was also financed in part by the Coor-
denação de Aperfeiçoamento de Pessoal de Nível Superior - Brasil 
(CAPES) - Finance Code 001, and acknowledges the support from the 
ECOMAR project funded by the CYTED program. This work was finan-
cially supported by the project “Integrated Coastal Climate Change 
Adaptation for Resilient Communities”, INCCA - POCI-01-0145-FEDER- 
030842, funded by FEDER, through “Competividade e Inter-
nacionalização” in its FEDER/FNR component and by national funds 
(OE), through FCT/MCTES. Finally, this research was in part carried out 
by Wageningen University & Research on behalf of and subsidized by 
the Ministry of Agriculture, Nature and Food Quality, in the context of 
the policy support program Nature (project number BO-43-108-009). 

Appendix A. Supporting information 

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.marpol.2022.105265. 

References 

[1] I.J. Bateman, B.H. Day, S. Georgiou, I. Lake, The aggregation of environmental 
benefit values: welfare measures, distance decay and total WTP, Ecol. Econ. 60 (2) 
(2006) 450–460, https://doi.org/10.1016/j.ecolecon.2006.04.003. 

[2] E.B. Barbier, et al., Coastal ecosystem-based management with non-linear 
ecological functions and values, Science 319 (2008) 321, https://doi.org/10.1126/ 
science.1150349. 

[3] N. Rao, A. Ghermandi, R. Portela, X. Wang, Global values of coastal ecosystem 
services: a spatial economic analysis of shoreline protection, Ecosyst. Serv. 11 
(2015) 95–105, https://doi.org/10.1016/j.ecoser.2014.11.011. 

[4] L. Burke, et al., Coastal ecosystems, Wash. DC World Resour. Inst. (2001) 93. 
[5] M.I. Martinez, et al., The coasts of our world: ecological, economic and social 

importance, Ecol. Econ. 63 (2007) 254–272, https://doi.org/10.1016/j. 
ecolecon.2006.10.022. 

[6] TEEB. 2010. The Economics of Ecosystems and Biodiversity: Ecological and 
Economic Foundation. Earthscan, London and Washington. 

[7] R. de Groot, et al., Global estimates of the value of ecosystems and their services in 
monetary units, Ecosyst. Serv. 1 (2012) 50–61, https://doi.org/10.1016/j. 
ecoser.2012.07.005. 

[8] IPCC, 2013: Summary for Policymakers. In: Climate Change 2013: The Physical 
Science Basis. Contribution of Working Group I to the Fifth Assessment Report of 
the Intergovernmental Panel on Climate Change. Cambridge University Press, 
Cambridge, United Kingdom and New York, NY, USA. 

[9] IPBES, Summary for policymakers of the global assessment report on biodiversity 
and ecosystem services of the intergovernmental science-policy platform on 
biodiversity and ecosystem services, in: S. Díaz, J. Settele, E. Brondizio, H. Ngo, 
M. Guèze, J. Agard, A. Arneth, P. Balvanera, K. Brauman, S. Butchart, et al. (Eds.), 
Bonn (Germany): IPBES secretariat, 2019, p. XX. 〈http://www.ipbes.net/global-ass 
essment〉. 

[10] H. Gundersen, et al. 2016. Ecosystem Services in the, Coastal Zone of the Nordic 
Countries. Copenhagen: Nordic Council of Ministers. https://doi.org/10.6027/ 
TN2016–552. 
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