
 1 

 

 

 

VALUING BIODIVERSITY BENEFITS FOR VULNERABLE GOURPS 
 
 
 
 

BY  

PAULO A.L.D. NUNES, HELEN DING AND ANDREA GHERMANDI 



 2 

 

Introduction 
 
This paper proposes the development and empirical application of economic valuation 
methodologies to assess the socio-economic magnitude of biodiversity benefits and their 
contribution to the support of human livelihoods, in particular rural poor communities. The present 
analysis will embrace an economic valuation perspective that (1) quantifies the degree of 
dependency of the local economies with respect to biodiversity and ecosystem services, including 
their role in the creation of employment/income opportunities to the communities, and (2) 
assesses the degree of vulnerability of the local economies to the changes of provisioning of 
biodiversity and ecosystem services, such as regulation of climate, soil and water in the 
environment. 
  
The economic valuation will be applied firstly within the European context, with a potential to be 
extended to a global scale. Moreover, we will provide a number of case studies to demonstrate 
how economic valuation of ecosystem services can be conducted as well as to quantify the 
dependency and vulnerability of human livelihoods associated with biodiversity and ecosystem 
services at country level. Finally, the present study focuses on a set of main biodiversity benefits 
and ecosystem services among the most relevant ecosystems, which provide substantial 
environmental (cash and non-cash) incomes to humans – see Table1. Particular attention is paid 
to quantifying the biodiversity benefits within vulnerable communities, by exploring the United 
Nations millennium development goals to identify and profile the vulnerable groups in various 
classified world economies.  
 

Table  1: Ecosystem services’ values reported 

Ecosystems  
Forest Marine coastal Wetland and 

freshwater 
Agriculture  
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Cultural Service     

    Note:  - Economic valuation is completed;  - Economic valuation is in progress. 
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1. SETTING THE SCENE: LINKAGES BETWEEN BIODIVERSITY, 
ECOSYSTEM SERVICES AND HUMAN LIVELIHOODS 
 
 
“… More than a billion people now live within the world’s 19% forest biodiversity 
‘hotspots’ and population growth in the world’s tropical wilderness area is 3.1 percent, 
over twice the world’s average rate of growth. Over 90 percent of those who live on less 
than a dollar a day depend fully or in part on forest products for their livelihoods.” Scherr 
et al. (2003) 
 
 

1.1 Introduction 
Biodiversity is a multi-dimensional concept, which is defined as the quantity and variability among 
living organisms within species (genetic diversity) between species and between ecosystems, 
underpinning the supply of a variety of ecosystem services from which humans can benefit 
directly or indirectly. However, the contribution of biodiversity to human welfare and human 
livelihoods reveals to have a complex nature. Recently, the United Nations’ Millennium 
Ecosystem Assessment (MEA) proposed to study this relationship exploring the use of 
ecosystems services, which are interpreted by the socio-economic scientists as biodiversity 
benefits (MEA, 2005). Therefore, the contribution of biodiversity to human wellbeing can be 
examined by the provision of ecosystem services. The MEA classification states that all 
ecosystem services can fall into four major categories, i.e. provisioning, regulating, cultural and 
supporting services, which directly or indirectly influence the human well-being – see Figure 2.1. 
 

 

Figure 2.1: Linkages between ecosystem services and human well-being (Source: MEA, 2005, 
pp. iv) 
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Therefore, the implications of biodiversity to the support of human livelihoods, including the ones 
of vulnerable groups such as the rural poor, can be examined by the intensity of the linkage 
between ecosystems, and services provided (also known as biodiversity benefits), and the 
constituents of human wellbeing. This includes the examination of ecosystem services such as 
the provision of food and water, disease management, climate regulation, flood control, spiritual 
fulfillment, and aesthetic enjoyment. These have been recognized as having an essential role in 
achieving the United Nation’s Millennium Development Goals (UNEP-WCMC, 2007). In the 
present report, we shall embrace a conceptual model for valuing the linkages of biodiversity 
benefits on human livelihoods that sheds light on two distinct value transmission mechanisms. 
The first captures the market value components of the biodiversity benefits on human livelihoods. 
A second component encapsulates the non-market aspects dimensions. This approach will be 
presented and discussed in the following sub-sections. 

 

1.2 Conceptual model for mapping the linkages of biodiversity benefits and human 
livelihoods  
Human livelihoods are defined as comprising the capabilities, assets (including natural capital, 
physical capital, human capital, financial capital and social capital) and activities, such as crops, 
livestock, extractive activities, wage employment and own business, that are required for a means 
of living (Babulo et al., 2008). This definition indicates that biodiversity benefits and ecosystem 
services substantially contribute to people’s livelihoods in terms of direct increase in people’s 
revenues as well as the enhancement of non-income benefits from the received ecosystem 
services. In other words, we can argue that biodiversity benefits, and ecosystem services, are 
linked with human livelihoods in two ways – see Figure 2.2. 
  

 
 

Figure 2.2:  Framework of assessing the human livelihoods through biodiversity and ecosystem services 

 

On the one hand, ecosystem services are essential inputs for many economic sectors, including 
forestry, agriculture, fishery, and tourism or direct source of income/revenues to the local 
communities (consumers/firms) who are involved in markets trading ecosystem services, such as 
food, fruits and wood fuel, among others. The strength of this linkage can be estimated through a 
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systematic economic sector analysis, and the results reflect the degree of dependency of the 
local economies with respect to biodiversity and ecosystem services, including their role in the 
creation of employment/income opportunities to the communities. In this context, valuing the 
economic revenues that rural dwellers or the poor local communities can extract from the use of 
environmental resources enables us to assess its quantitative contribution to rural livelihoods and 
the extent of dependency of rural people on nature products and ecosystem services. 

On the other hand, ecosystem services also contribute to non-income related livelihoods. The 
ecosystem regulating and supporting services will safeguard the living environment as well as 
guarantee the continuous economic activities of humans, in particular the rural dwellers; whereas 
the ecosystem cultural services are essential to the spiritual and cultural value of the local 
communities. The strength of this linkage can be estimated through a systematic economic 
analysis of the non-income related value of biodiversity and ecosystem services on human 
livelihood systems, which in turn will allow us to complement the understanding of the degree of 
dependency of the local economies with respect to biodiversity and ecosystem services. 
Moreover, both value transmission mechanisms will allow us to understand the degree of 
vulnerability of the local economies, in particular rural poor, with respect to changes, or losses, of 
biodiversity and the respective impacts in the provision of ecosystem services. 
 

1.3 An hybrid economic model for valuing the magnitudes of biodiversity benefits on 
human livelihoods  

As previously shown, ecosystem provides an array of services to human wellbeing in terms of 
provisioning services, cultural services, regulating services and supporting services (MA, 2005), 
many of which are associated with a variety of economic activities that involve either direct or 
indirect employment in the related economic sectors and lead to direct changes of incomes to the 
relevant households; some others will contribute to direct welfare enhancement of the local 
communities derived from their enjoyment of nature resources, knowledge of biodiversity and 
ecosystem as well as other non-marketed values of biodiversity and ecosystems. Due to the 
complex nature of biodiversity and ecosystem services, economic valuation of the biodiversity 
benefits is not always straightforward. Different economic valuation approaches are needed. In 
fact, economists have been applying different valuation methodologies to estimate the economic 
values of ecosystems and the services they provide.  
 
In Table 2.2, we summarize the standard ecosystem valuation techniques that are mostly used in 
the literature – see Appendix I for more detailed explanation on each methodology. It is important 
to note that in the economic theory, socio-economic valuation of biodiversity and ecosystems is 
anchored in the assessment of changes in the productivity of the economic sectors under 
concern and/or respective consumer’s utility and requires the investigation of appropriate 
microeconomic valuation techniques, including both market-based economic valuation tools (e.g. 
market price analysis) and non-market valuation tools (e.g. contingent valuation methods, travel 
costs methods, meta-analysis, and value transfer methods). Therefore, the estimated economic 
benefits of biodiversity and ecosystems should reflect the welfare changes of the individuals 
being directly affected by changes in biodiversity and ecosystems, or the average welfare change 
of the individuals in a considered population (Nunes et al. 2003).  
 
Table 2.2: Tool box of economic valuation techniques  
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Category Technique  Description Example 
Revealed preference approaches 
Market 
prices 

Market 
prices  

How much it costs to buy an ecosystem good or service. The price of timber or mineral. 

 
Production 
function 
approach 

 
Effect on 
production 

 
Relates changes in the output of a marketed good or 
service due to the changes in a measurable amount of 
production inputs.  

 
The reduction in lifespan of a hydro. 

 
Travel 
costs 

 
Valuation method based on the willingness to pay for 
recreational/ leisure use of nature resources, derived from 
the amount of time and money people spend on visiting a 
relevant ecosystem. 

 
The transport and accommodation costs, 
entry fees and time spent to visit a natural 
park. 

 
Surrogate 
market 
approach 

 
Hedonic 
pricing  

 
The difference in property prices or wage rates that can 
be ascribed to the different ecosystem quality or values.   

 
The difference in house prices between 
those overlooking an area of natural 
beauty and those without a view of the 
landscape.  

Cost-based approach 
Damage costs avoided  The costs incurred to property, infrastructure, production 

when ecosystem services which protect economically 
valuable assets are lost, in terms of expenditure saved.  

The damage to roads, bridges, farms and 
property resulting from increased flooding 
after the loss of catchment protection 
forest. 

Stated preference approaches 
Contingent valuation 
method 

Infer ecosystem value by asking people directly what is 
their willingness to pay (WTP) for resource conservation 
or willingness to accept for (WTA) compensation for the 
loss of biodiversity/ ecosystems  

How much would you be willing to 
contribute towards a fund to clean up and 
conserve a river?  

Conjoint analysis Elicit information on preferences between scenarios 
involving ecosystems between which the respondents 
would have to make a choice, at different price or cost 
saved. 

The relative value wildlife, landscape and 
water quality attributes of a river under 
different conservation scenarios, relative 
to the status quo. 

Choice experiments Presents a series of alternative resource or ecosystem 
use options, each defined by various attributes including 
price and asks respondents to evaluate these “sets”, 
which each contain different bundles of ecosystem 
services. 

Respondents’ preferences for 
conservation, recreational facilities, and 
educational attributes of natural 
woodlands. 

Value transfer approaches 
Meta-analysis  This technique takes the result from a number of studies 

and analyses in such a way that the variation in value of 
ecosystem services obtained in those primary studies can 
be explained. 

Analysis of many primary contingent 
valuation studies for woodlands to derive 
the trends in the key variables affecting 
visitor WTP values for woodlands, to 
establish a suitable variable for 
adjustments for the site to be assessed.  

Source: adapted from WBCSD (2009) 
 
 
The monetary valuation exercise of the present report is based on the application of an 
integrated, hybrid valuation model. It is hybrid, because the model is characterized by the use of 
both of biophysical and economic valuation models and integrated because it is characterized by 
an integrated use of alternative economic valuation methodologies. The combination of the use of 
valuation techniques for various ecosystem goods and services are presented in Figure 2.3, 
including market price analysis methods, cost assessments methods and meta-analysis-based 
value transfer methods. These techniques are most appropriately applied in the context of 
regional or national scale ecosystem changes, disaggregated by sector or market. The use of the 
techniques in isolation (sometimes referred to as ‘bottom-up studies) is predicated on an 
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assumption that any incremental damage in ecosystems will not have large, indirect (non-
marginal) impacts, affecting the prices of a range of goods and services that flow through the 
macro-economy.     
 
 

 
 

Figure 2.3:  A hybrid economic valuation methodology  (adapted from Ding et al. 2010) 
 

Moreover, Figure 2.3 also shows that benefits derived from ecosystem provisioning services are 
estimated in terms of direct financial returns from the related economic sectors that using 
ecosystem goods and services as production inputs. Since market information is readily available 
for this kind of services, a direct market pricing method is used in the valuation exercise. The 
estimated financial revenues are used as a proxy of annual income of the local 
population/households, whose livelihoods are directly/indirectly influenced by the ecosystem. As 
regards the regulating services, such as carbon cycle regulation, there is no market available for 
trading the service, therefore damage costs avoided method is applied to value the expenditure 
saved (thus the benefits gained) from not losing economically valuable assets due to the loss of 
ecosystem services under social and environmental drivers. Finally, the value of cultural services, 
which consist of recreational value and passive–use value of ecosystems, is captured by using 
revealed preference (e.g. Travel Cost Methods and Hedonic Pricing) or stated preference 
methods (e.g. Contingent Valuation Method and Choice Experiments) in a surrogate market. 
However, given the limited resources available for the present study, no original valuation studies 
using revealed and stated preference methods are conducted. Instead, a meta-analysis based 
value transfer method is used in to estimate the WTP for receiving or increasing cultural services 
provided by ecosystems.  

We shall present the empirical application of the hybrid valuation model to three ecosystems, 
including forest, wetlands/freshwater and marine/coastal systems in 32 European countries, 
including (1) Mediterranean Europe - Greece, Italy, Portugal, Spain, Albania, Bosnia and 
Herzegovina, Bulgaria, Serbia and Montenegro, Turkey; (2) Central and Northern Europe - 
Austria, Belgium, Denmark, Estonia, France, Germany, Ireland, Latvia, Lithuania, Luxembourg, 
Netherlands, Switzerland, Croatia, Czech Republic, Hungary, Poland, Romania, Slovakia, 
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Slovenia, United Kingdom; (3) Scandinavian Europe  - Finland, Norway, Sweden. This way we 
shall be able to evaluate the potential of these in terms of respective (market and non-market) 
support to human livelihoods. This will be the core of section 10. Before we shall proceed with the 
study of biodiversity and vulnerable groups in Europe, core of Section 9. In order to map 
biodiversity at European level, we explore the use of publically  available information, coming 
from all various sources, at both country level and georeferenced maps. In the literature, a variety 
of indicators have been developed for evaluating biodiversity (e.g. the mean species abundance 
(MSA), species richness and the IUCN red-list index, etc) and socio-economics (e.g. GDP per 
capita, income poverty indicators, and population, etc). Ultimately, we will map the selected 
indicators in a spatial gradient, allowing us to identify the strength between biodiversity and 
human livelihoods. 
 
The information collected in Section 9 and Section 10 will be used for producing GIS maps, which 
allows us to visualize strength of magnitudes with respect to the linkages between biodiversity, 
value of ecosystem services values, and vulnerable groups, and to discuss spatial coincidence of 
the three components at different geographical scales. 
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2. PROFILING BIODIVERSITY AND VULNERABLE GROUPS IN EUROPE 
USING INDICATORS  

 
2.1 Biodiversity Spatial Profile in Europe  
 
In order to characterize the spatial distribution of biodiversity in Europe, we rely on the index of 
biodiversity described in Wendland et al. (2009). Such index builds upon the information on 
species ranges of mammals, birds and amphibians from global vector data (Baillie et al., 2004; 
BirdLife International, 2006; IUCN, 2006) and combines it in a single index by weighing species 
ranges by their threat status as defined by IUCN's Red List (IUCN website, 2007). The technical 
details on the weighing procedure and construction of the aggregated index are given in 
Wendland et al. (2009). The final index is presented in a 30 arc second grid (approximately 1 km 
at the equator) and is mapped globally. In Figure 2.4, we present the distribution of the 
biodiversity index within Europe.  
 

 
Figure 2.4: Distribution of terrestrial biodiversity within Europe (based on Wendland et al., 

2009) 
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Figure 2.4 shows that terrestrial biodiversity is distributed unevenly in Europe. North European 
countries including Scandinavia, United Kingdom, and Ireland are characterized by relatively low 
biodiversity. The highest values of terrestrial biodiversity within Europe are found in East 
European countries, notably Bulgaria and Slovakia, and in the Northern regions of Spain. Within 
some countries there is an important range of variability in the index. For instance, in Italy high 
values of the biodiversity index are to be found in mountainous regions in the Alps and 
Apennines, while low-lying regions and, particularly, islands present lower values of the index. It 
is important to notice that, at a global scale, European countries score rather poorly in the 
biodiversity index compared to biodiversity hotspots in South America, Africa and South East Asia 
where the highest values of the index are found (up to 407).  
 
Table  2.3: Biodiversity indicators for Europe 

Country Bird species 
(number)1 

Mammal species 
(number) 1 

Reptile species 
(number) 1 

Vascular plant 
species 

(number) 1 

Biodiversity index 
2 

Albania 303 73 37 3031 76.29 

Austria 412 101 16 3100 76.52 
Belgium 427 92 12 1550 62.13 
Bulgaria 379 106 33 3572 91.31 
Bosnia-Herzegovina 312 78 27 - 77.69 
Switzerland 382 93 17 3030 77.35 

Czech Republic 386 88 11 1900 76.60 
Germany 487 126 15 2682 68.99 
Denmark 427 81 8 1450 36.50 
Spain 515 132 67 5050 70.81 
Estonia 267 67 6 1630 54.85 
Finland 421 80 5 1102 39.70 

France 517 148 46 4630 76.46 
United Kingdom 557 103 16 1623 34.73 
Greece 412 118 63 4992 62.74 
Croatia 365 96 34 4288 76.90 
Hungary 367 88 18 2214 84.62 
Ireland 408 63 6 950 22.93 

Italy 478 132 55 5599 67.14 
Lithuania 227 71 6 1796 67.32 
Luxembourg 284 66 9 1246 71.94 
Latvia 325 68 7 1153 60.33 
Macedonia 291 89 29 3500 89.93 
Netherlands 444 95 13 1221 49.16 

Norway 442 83 7 1715 29.65 
Poland 424 110 11 2450 70.82 
Portugal 501 105 38 5050 68.75 
Romania 365 101 22 3400 78.36 
Serbia and 
Montenegro 

381 96 35 4082 81.01 

Slovakia 332 87 14 3124 83.67 
Slovenia 350 87 29 3200 85.71 
Sweden 457 85 7 1750 34.14 
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1 Source: UNEP-WCMC (2004) 
2 Estimated by the authors based on the index in Wendland et al. (2009) 
 
 
Table  2.3 2.3 above summarizes the information on various biodiversity indicators assessed at 
country level. The data on the number of known bird, mammal, reptile, and vascular plant species 
was gathered from UNEP-WCMC (UNEP, 2004) and are compared to the average score of the 
biodiversity index by Wendland et al. (2009) for each European country. Overall, the highest 
biodiversity in terms of number of species of birds, mammals, amphibians, and vascular plants is 
in France, Italy, and Spain. All three countries are characterized by a relatively high value in the 
biodiversity index. It is reminded that the index is not constructed only based on the number of 
species but also on their threat status as defined by IUCN's Red List. Despite the smaller range 
of species, several Central and East European countries (e.g., Bulgaria, Macedonia, Slovenia) 
are characterized by a higher score in the biodiversity index. On the lower side of the range, 
countries such as Estonia, Ireland, Lithuania, Luxembourg and Latvia present the smallest range 
of animal and plant species. Ireland also has the lowest values among the considered countries 
for what concerns the biodiversity index. Notably, the United Kingdom is characterized by the 
largest number of known bird species but shows a relatively low diversity in reptiles and vascular 
plants and is characterized by a low value of the biodiversity index.  
 
 
 
2.2 Identification of vulnerable groups in Europe using socio-economic poverty indicators  
 
The selection of socio-economic poverty indicators is based on an extensive survey among the 
existing indicators in the literature, covering more than 34 different indicators within three major 
databases, including the UNDP-human development indicator, the World Bank - Environmental 
Economics and Human Wellbeing Indicator, and the UNSD - Millennium Development Indicators. 
From these, we focus on attention on 5 main categories of indicators. We refer to indicators on 
income and income inequality; demographic indicators; the World Bank’s analytical income 
categories; a set of poverty related indicators; and the value added of agriculture with respect to 
the GDP. All in all, we have about 10 different socio economic indicators are considered – see 
Table 2.4. 
 
Table 2. 4:. A survey of socio-economic poverty indicators 

Indicator 
Type of 
Indicator 

Data 
coverage Type of data 

Source of 
information 

          

GDP per capita 
(US$) 

Economy and 
inequality 194 countries 

One year 
census data 

UNDP-Human 
Development 
Indicator 

Gini index 
Economy and 
inequality 194 countries 

One year 
census data 

UNDP-Human 
Development 
Indicator 

Urban population 
(% of the total) 

Demographic 
trends 227 countries 

Time series 
data 

World Bank - 
Development 
Indicator 

Population 
Demographic 
trends 227 countries 

Time series 
data 

World Bank - 
Development 
Indicator 

WB classification of 
world Economics Wealth category 210 countries 

Categorical 
data 

World Bank - 
Development 
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Indicator 

Human poverty 
index (HPI-1) rank 

Human and 
income poverty 164 countries 

one year 
census data 

UNDP-Human 
Development 
Indicator 

Human Poverty 
Index (HPI-1) 
value (%) 

Human and 
income poverty 164 countries 

one year 
census data 

UNDP-Human 
Development 
Indicator 

Population living 
below 50% of 
median income 
(%) 

Human and 
income 
poverty: OECD 
countries 30 countries 

one year 
census data 

UNDP-Human 
Development 
Indicator 

Agriculture, value 
added (% of GDP) 

Economy/ 
Forestry 227 countries 

Time series 
data 

World Bank - 
Development 
Indicator 

Employment in 
forestry 1990 and 
2000  

Economy/ 
Forestry 229 countries 

yearly 
average/one 
year FAO - FRA 2005 

 
 
Indicators of income and inequality. GDP per capita indicator is an important basic indicator 
showing economy and inequality of wealth distribution in different European countries. GINI index 
is another standard economic measure of income inequality, based on Lorenz Curve. A society 
that scores 0.0 on the Gini scale has perfect equality in income distribution and the score of 1.0 
(or 100) indicates total inequality where only one person corners all the income. Therefore, higher 
is the number over 0, is higher the inequality. Demographic indicators such as population and 
“percentage of urban/rural population” provide important information for studying a country’s 
rural/urban migration trend and per capita income in particular in the rural area.  
 
The World Bank’s analytical income categories (low, middle, high income) for classifying world’s 
economies are based on the gross national income (GNI) per capita, which is calculated using 
the World Bank Atlas method. In Europe, however, all selected countries fall into upper middle 
and high-income categories with very low variation in the data.  
 
Poverty related indicators are taken into consideration: (1) Human poverty index rank, (2) Human 
poverty index value, and (3) Population living below 50% of median income. Human poverty 
index is an indication of the standard of living in a country, developed by United Nations. The 
common international poverty line has been set $1.25 at 2005 Purchasing-Power Parity a day, 
which however cannot be applied to Europe, as all countries belong to higher income categories 
than developing countries. Therefore, we chose to use the indicator of population living below 
50% of median income to describe the poverty level of the country. 
 
Agriculture, value added (% of GDP) is the net outputs of agricultural sectors - incl. forestry, 
hunting, and fishing, as well as cultivation of crops and livestock production - after adding up all 
outputs and subtracting intermediate inputs. It is calculated without making deductions for 
depreciation of fabricated assets or depletion and degradation of natural resources. 
 
For the reasons previously stated, three indicators are selected for the present analysis in 
Europe. The data are collected at national level and presented in Table 2.5. 
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 Table 2.5: Selected socio-economic indicators for Europe 

 
 
Country 

 
GDP per capita 

(2007 $) 
Urban (% of 

population) in 
2007 

Population living 
below 50% of median 

income 

Albania 3,405 46  .. 
Austria 44,879 67  7.7 
Belgium 42,609 97  8.1 
Bosnia and Herzegovina 4,014 

47  
.. 

Bulgaria 5,163 71  .. 
Croatia 11,559 57  .. 
Czech Republic 16,934 74  4.9 

Denmark 57,051 86  5.6 
Estonia 15,578 69  12.4 
Finland 46,261 63  6.5 
France 41,970 77  7.3 
Germany 40,324 74  8.4 
Greece 27,995 61  14.3 

Hungary 13,766 67  6.4 
Ireland 59,324 61  16.2 
Italy 35,396 68  12.8 
Latvia 11,930 68  .. 
Lithuania 11,356 67  .. 
Luxembourg 103,042 83  8.8 

Netherlands 46,750 81  4.9 
Norway 82,480 77  7.1 
Poland 11,072 61  11.5 
Portugal 20,998 59  .. 
Romania 7,703 54  8.1 
Serbia and Montenegro 5,620 56.5 .. 

Slovakia 13,891 56  7 

Slovenia 23,379 49  8.2 
Spain 32,017 77  14.2 
Sweden 49,662 84  5.6 
Switzerland 56,207 73  7.6 
Turkey 8,877 68  .. 
United Kingdom 45,442 90  11.6 

Source: World Bank - World development indicator; UNDP - Human development indicator 
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3. ESTIMATING THE ECONOMIC SIGNIFICANCE OF THE LINKAGES 
BETWEEN BIODIVERSITY, ECOSYSTEM SERVICES AND HUMAN 
LIVELIHOODS: CASE STUDIES IN EUROPE 
 
3.1 Introduction 

Based on data from 32 European countries, forests cover a surface of approximate 185 million ha 
(FAO, 2005), which accounts for about 32.7% of the territory. By classifying the forest areas in 
terms of their latitudes, it is easy to see that forest types are not uniformly distributed in Europe. 
For instance, in the Mediterranean Europe, most of the forests are coniferous and broadleaved 
evergreen forests, which account for 30% of the total forest area in the three regions. The Central 
and Northern European regions are home of most of the temperate forests, which account for 
35% and 19% of the total forests, respectively. Finally, in the Scandinavian Europe forest area 
accounts for the remaining 16% of total forest, in which the identical forest biomes are mainly 
boreal. Due to the diverse climate conditions across latitudes, species diversity and dynamics of 
forest ecosystems differ considerably throughout Europe, as reflected in the numbers and 
composition of tree species. For instance, Ministerial Conference on the Protection of Forests in 
Europe MCPFE (2007) reported that about 70% of the forests in Europe are dominated by mixed 
forest consisting of two or several tree species, and the remaining 30% are dominated by one 
tree species alone, mainly by conifers. In addition to the natural conditions, the current European 
forest structure, in part, forest species composition has been heavily influenced by 
anthropophagic interventions, such as past land use and management (Ellenberg, 1986). In 
particular, driven by the forest protective management strategy in Europe, a 1.0 percent annual 
expending rate has been found in the area of mixed forests over the last 15-year period (MCPFE 
2007), which partly may be because of the widely acknowledged scientific evidence that mixed 
forests being composed of several tree species are usually richer in biodiversity than the forests 
dominated by one tree species.  

 

3.2 European Case Studies 

 

3.2.1 Economic Valuation of Forest Ecosystems 
 
1. Mapping the provision of ecosystem goods and services by European forests 
A concise mapping of ecosystem goods and services (EGS) are basis for conducting high quality 
ecosystem assessment studies. For this reason, we adopt the MA approach (MEA, 2003), which 
provides a practical, tractable, and sufficiently flexible classification for categorizing the various 
types of ecosystem goods and services (EGS). In this context, all EGS can be generally classified 
into four main categories, i.e. provisioning, regulating, cultural and supporting services – see 
Table 2.6.  

Table  2.6: A general classification of Ecosystem Goods and Services for European Forests 

Types of Ecosystem Services Examples 
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Provisioning Services Source of production inputs for a number of forestry sectors: wood pulp, 
industrial roundwood, recovered paper, sawnwood, wood-based panels, 
paperboard, woodfuel and other substantial goods, such as food and 
fruits, for supporting local livelihoods.  

Regulating Services Climate regulation, water regulation, erosion regulation, etc. 

 

Supporting 
Services 

Cultural Services Recreation and ecotourism, aesthetic values, spiritual and religious 
values, cultural heritage values, etc. 

Source: adapted from MEA 2003  
 
Provisioning Services  
In this forest service category, we divide the forest products into seven main groups, including 
industrial roundwood, wood pulp, recovered paper sawnwood, wood-based panels, paper and 
paperboard, and wood fuel. For all products quantity information on the total annual removal from 
forests is available on the FAOSTAT-Forestry. We first collected quantity information for all 32 
European countries under consideration - see Table 2.7.  The physical quantification of 
provisioning services in turn, will be at the basis of the economic valuation exercise.1 

Table  2.7: Total wood forest products provided by forestry sectors in Europe 
Country Wood 

pulp 
(Mt/yr) 

     Industrial 
Roundwood 

(Million 
M3/yr) 

Recovered 
paper 

(Mt/yr) 

   Sawn-
wood 

(Million 
M3/yr) 

Wood-
based 

Panels 
(Million 

M3/yr) 

Paper-
board 

(Mt/yr) 

   
Woodfuel 

(Million 
M3/yr) 

Albania 0 0.08 0 0.1 0.04 0 0.22 

Austria 1.93 12.79 1.42 11.07 3.45 4.95 3.69 
Belgium 0.51 4.3 2.14 1.29 2.8 1.9 0.65 

Bosnia&Herzegovina 0.02 2.44 0 1.32 0 0.08 1.36 
Bulgaria 0.14 3.18 0.08 0.57 0.35 0.33 2.68 
Croatia 0.1 3.11 0 0.62 0.13 0.59 0.91 

Czech Republic 0.75 14.29 0.48 4 1.49 0.97 1.23 

Denmark 0 1.03 0.44 0.2 0.35 0.42 1.26 
Estonia 0.07 5.5 0.05 2.2 0.41 0.07 1.3 
Finland 11.13 47.12 0.6 12.27 1.99 12.39 4.48 
France 2.5 31.62 5.95 9.95 6.4 10.33 2.8 

Germany 2.88 50.91 14.41 22.12 16.98 21.68 6.04 
Greece 0 0.52 0.35 0.19 0.87 0.53 1 

Hungary 0 2.8 0.37 0.22 0.67 0.57 3.14 
Ireland 0 2.63 0.44 0.89 0.88 0.05 0.02 

Italy 0.52 2.69 5.49 1.59 5.61 10 5.36 
Latvia 0 11.89 0.06 4.23 0.43 0.04 0.95 

Lithuania 0 4.92 0.08 1.5 0.4 0.11 1.13 
Luxembourg 0 0.26 0.06 0.13 0.45 0 0.01 

Netherlands 0.12 0.82 2.46 0.28 0.01 3.47 0.29 
Norway 2.46 8.49 0.44 2.33 0.58 2.22 1.18 
Poland 1.05 28.53 1.2 3.93 6.74 2.73 3.41 

                                                        
1 The data report from FAOSTAT does not provide an efficient collection of data on non-wood forest products, for this 
reason, our figures of the forest provisioning services will not embed this provisioning service. We acknowledge that our 
estimation is underestimated compare to other studies in the literature, if there is less evidence to link the provision of with 
non-wood forest products climate change  (e.g. Merlo and Croitoru, 2005). 
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Portugal 1.93 10.51 0.6 1.01 1.31 1.58 0.6 
Romania 0.16 11.54 0.3 4.32 1.01 0.37 2.96 

Serbia&Montenegro 0.02 1.32 0 0.5 0.07 0.23 1.85 

Slovakia 0.61 9.01 0.21 2.62 0.61 0.86 0.3 
Slovenia 0.15 1.79 0 0.46 0.41 0.56 0.94 

Spain 1.97 13.35 4.32 3.66 4.84 5.7 2.18 
Sweden 12.11 91.7 1.57 18 0.75 11.74 7 

Switzerland 0.26 3.98 1.24 1.59 0.97 1.75 1.07 
Turkey 0.23 11.2 1.02 6.45 4.77 1.15 4.98 

United Kingdom 0.34 8.27 7.76 2.86 3.4 6.24 0.32 

Source: FAOSTAT, 2005 
 
 
 
Regulating Services  
As far as regulating service is concerned, two types of ecosystem services are of particular 
importance provided by European forests: (1) climate regulation (i.e. carbon sequestration) and 
(2) water and erosion regulation (i.e. watershed protection). It is important to note that we will 
focus only on the carbon service due to the lack of understanding of the complex relationships 
involved between forest biodiversity, forest area, water and erosion regulation. For this reason we 
shall proceed with evaluating biodiversity benefits provided by forest systems by evaluating the 
capacity of forests ecosystem in mitigating climate change by storing carbon in forests and its 
soil. Table 2.8 reports the carbon stocked by European forests (FRA, 2005). 
 

Table  2.8:  Total forest area, forest area designated for recreational and passive uses and 
stocked carbon in forest ecosystems in Europe 

Country Forest 
Area (1000 

ha) 

Carbon Stock 
(Mt) 

Forest Area 
designated for 

recreation         
(1000 ha) 

Forest Area 
designated for 

passive use    
(1000 ha) 

Albania 794 62.6 62 80 
Austria 3,862 937.5 301 393 

Belgium 667 72.8 52 68 
Bosnia and Herzegovina 2,185 177.9 210 274 
Bulgaria 3,625 274.8 283 369 
Croatia 2,135 575.0 166 217 
Czech Republic 2,648 712.2 206 270 
Denmark 500 60.9 39 51 

Estonia 2,284 304.9 178 232 
Finland 22,500 1,040.1 1,757 2,295 
France 15,554 1,702.2 1,214 1,586 
Germany 11,076 1,257.5 865 1,129 
Greece 3 ,752 293.2 293 382 

Hungary 1,976 515.0 154 201 
Ireland 669 71.3 52 68 
Italy 9,979 1,315.5 779 1,017 
Latvia 2,941 392.2 229 299 
Lithuania 2,099 274.6 163 214 
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Luxembourg 87 23.5 6 8 
Netherlands 365 52.1 28 37 
Norway 9,387 1,770.7 733 957 
Poland 9,192 2,446.8 717 937 

Portugal 3,783 161.0 295 385 
Romania 6,370 1,719.5 497 649 
Serbia and Montenegro 2,694 215.7 210 274 
Slovakia 1,929 518.8 150 196 
Slovenia 1,264 334.6 98 128 

Spain 17,915 987.4 1,399 1,827 
Sweden 27,528 3,597.2 22,198 2,807 
Switzerland 1,221 294.6 95.36 124 
Turkey 10,175 818.5 794.67 1,037 

UK 2,845 409.3 222.19 290 

Source: adapted from FRA, 2005 
 
 
 
 
Cultural Services  
In Europe, forests are of particular importance in many countries in terms of cultural services. 
Among all others, recreational service represents the most important value (MCPFE 2007), 
including hunting, natural park visiting, forest landscape and other spiritual uses. Some of the 
services always involve both consumptive (e.g. consumption of animal meat) and non-
consumptive (e.g. enjoyment derived from hunting activities and forest landscape) uses of 
forests. To avoid double counting, we refer cultural services to non-consumptive use of forests 
only. In addition, the passive use value of the forests has an essential role in assessing some 
particular forest areas. In the present study, we use forests areas that are designed to 
recreational and protective purposes, as described by the Global Forest Resources Assessment 
2005 (FRA, 2005), as key variables when assessing the welfare changes in terms of changes in 
the provision of cultural services. Table 8 shows the forest areas that are preliminary designated 
for recreational and passive uses in all selected European countries, as well as the total carbon 
stocked in these countries’ forests. 
 
Supporting Services  
Finally, with respect to the supporting service, indicators for measuring the respective forest 
ecosystem changes in response to climate change are not well developed and thus quantity data 
to measure them are not readily available (MEA 2005). For this reason, we will not directly tackle 
the valuation study for this service category. However, it is important to realize that the relevant 
values are implicitly reflected in the valuation of all other three categories of forest ecosystem 
goods and services.  
 
 

2. Economic valuation of the ecosystem goods and services provided by European forests 

The hybrid valuation model is used to capture the values of three types of ecosystem services 
under consideration. First of all, for the provisioning services provided by European forests, we 
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can infer that the economic values are the direct use values obtained from trading wood forest 
products in the market. Therefore, market prices are used to value this ecosystem service and its 
information is derived from Food and Agriculture Organization of the United Nations database 
(FAOSTAT) on forests. Second, in order to estimate the welfare changes associated to the 
carbon regulation we shall be using the avoided damage cost methods that were undertaken by 
the recent EC funded project, CASES2 to estimate the marginal damage cost of per additional 
unit of CO2 emission. Economic theory tells us the optimal emission level is determined by the 
intersection of the marginal damage cost of emissions and the marginal benefit from damage 
mitigation (or marginal abatement costs). Thus the crossing point is corresponding to the unit 
value of carbon sequestration, which gives rise to the optimal policy to incentivize the necessary 
abatement for achieving the global carbon stabilization goal, and can be used to calculate the 
total economic value of carbon stored in forests.  Finally, with respect to the cultural service, 
meta-analysis and value transfer methods are jointly used. These two methods are anchored in 
non-market valuation methodologies and rely on the existing databases3 of non-market valuation 
studies for forests in Europe. All values are expressed in 2005 US$. However, the specific nature 
and availability of data as well as the different valuation procedures embraced according to the 
nature of the ecosystems services under consideration will merit a separate discussion.   

 

 

The Economic Value of Provisioning Services 

Both total values of provisioning services of forest are estimated using the data derived from 
FAOSTAT. The total export values of WFPs are used as a proxy of total economic benefits 
derived from the annual removal of forest products. The export values used here are published by 
FAOSTAT in year 2005. The export values of all 7 forestry sectors are collected and summed up 
across all the 7 selected forestry sectors at country level and then divided by the forest size of the 
country – see equation (1). This gives rise to the productivity values (in $/ha term) of the forest 
biomes in terms of the profits associated with the types of WFPs to be delivered to the market 
(see Table 5). Note that the productive values vary across countries as they reflect the different 
contributions of various forest biomes to the national economies. 

€ 

ProductivityValuei
WFPs = ExportValueni

n=1

7

∑ ForestAreani                  (1) 

where i refers to one of the European countries and n  is the type of WFPs under consideration.  

 

The Economic Value of Regulating Services 

                                                        
2 CASES stands for “Cost Assessment of Sustainable Energy Systems” for EU countries and the selected non-EU 
countries, including Turkey, Brazil, India and China. The study aimed at providing a comprehensive and dynamic 
assessment of the full costs of electricity generation based on the state-of-the art methodologies, taking into account both 
geographical and temporal extend of the impacts and social economic impacts, such as health and safety, economic 
production and consumption, recreation, and environmental and natural assets caused by climate change. 
3 The popular databases for non-market valuation study include: Environmental Valuation Reference Inventory (EVRI), 
Envalue, and the Ecosystem Services Database. 
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Forest conservation or prevention of deforestation in order to stabilize Green House Gas (GHG) 
emissions – questions not originally included in the Kyoto Protocol – have been officially 
recognized in COP13 in Bali in December 2007 as important issues. The estimation of economic 
value of climate regulating services (i.e. carbon storage) provided by forest ecosystem is 
therefore considered to have very important impacts on policy making for CO2 stabilization in 
Europe. However, it is important to note that our economic value estimates for regulating service 
in the present paper are underestimated, as the present economic valuation exercise focuses 
only on carbon sequestration services provided by forests. Nevertheless, further investigation will 
lead to a much higher value estimates of this service, by taking into account other regulating 
services, e.g. watershed protection and soil nutrient cycling. 

The methodological framework for valuing the regulating services consists of two steps: we first 
compute the marginal value of carbon storage in forests (2005US$/tC), which will then be used to 
estimate the total economic values that can be obtained in different forest ecosystems across 
Europe. The marginal value of carbon storage refers to the benefits from avoided damages4 
caused by incremental of CO2 or CO2-equivalent GHG emissions in the atmosphere due to the 
carbon sequestration function of forest ecosystem. In the present paper, we built our analysis 
upon an existing project, “Cost Assessment for Sustainable Energy Systems” - CASES5, funded 
by EU but targeting at a worldwide study. One of the main features of CASES is that it is built 
upon the Integrated Assessment Models (IAMs), which by definition combine the dynamics of 
global economic growth with the dynamics of geophysical climate dynamics, to estimate the cost 
of GHG emissions under different energy evolution paths in 2020, 2030 and 2050. The existing 
literature on IAM has been used intensively reviewed under the project and various available 
estimates in the recent years were taken into account in its finally delivered value estimates. 
Among all others, the value of social costs of carbon estimated by UK’s Department for 
Environment, Food and Rural Affairs (DEFRA 2005) was adopted for it is reflexive to the policy 
context in which the values are used, and it combines the results of a number of IAM’s in a 
transparent matter. As a consequence, CASES project was able to obtain three levels of 
estimates of marginal damage costs, i.e. lower, upper and central estimates6, respectively. For 
instance, as reported in CASES final report, the lower estimates of marginal damage costs of 
carbon (also known as the social costs of carbon) renage from € 4/tCO2 in 2000 to € 8/tCO2 in 
2030; the upper estimates evolve from € 53/tCO2 in 2000 to € 110/tCO2 in 2030; and the central 
estimate evolves from € 23/tCO2 in 2000 to € 41/tCO2 in 2030. 

For the present valuation exercise, the lower bound estimate of the social cost of carbon is 
adopted. The original value estimates was adjusted by discounting it to the real Euro value in 

                                                        
4 The avoided damage costs assessment method has been widely used in the literature (see Cline, 1992; Nordhaus, 
1993a,b; Merlo&Croitoru, 2005; CASES, 2008) to calculate indirectly the benefits from carbon sequestrated in forests, but 
it is important to note that the concept is different from the market price of carbon (obtained via emission trading scheme) 
and the marginal abatement cost (involves the costs of technological R&D for facilitating the emission abatement), 
although under certain restrictive assumptions the three measures would be broadly equal, at the margin (DEFRA, 2007).  
5 CASES, Project No.518294 SES6, (2006-2008).  
Project official website: http://www.feem-Project.net/cases/ 
6 The values are based on full Monte Carlo runs of the FUND and PAGE models, in which all parameters varied to reflect 
the uncertainty surrounding the central parameter values in both models. The lower and upper bounds are the 5% and 
95% probability values of the PAGE model, while the central guidance value is based on the average of the mean values 
of the FUND and PAGE models. A declining discount rates is use as suggested by the UK Government ‘Green Book’. The 
equity weighting of damages in different regions is applied to aggregate the regional damage costs to global damages, in 
other words, damages in richer regions receive lower weights and damages in poorer regions receive higher weights. 
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2005 at a discount rate of 3%, and was then converted to 2005US$ based on the real exchange 
rate of the year and the Purchasing Power Parity (PPP).  
 

The value of cultural services 

The cultural services provided by forest ecosystems consist of two components in our analysis: 
recreational use (e.g. nature-based tourism in forests) and passive use (e.g. existence and 
bequest value of forests and biodiversity). Not being traded in regular markets, recreation and 
passive use values are usually measured as willingness to pay (WTP) figures derived from 
revealed or stated preference valuation techniques, such as travel cost method, contingent 
valuation and choice experiment, etc. According to previous literature reviews on cultural values, 
a simple expected utility specification can be used to describe how individuals are willing to trade 
off wealth for increases or decreases in forest cultural services, under the assumption that the 
estimated marginal value of the service decreases with an increase in the size of the forest site, 
and increases with an increase of the income level of the country where the forest is located (e.g., 
Hammitt, 2000; Markandya et al., 2008). The changes in future forest areas are driven by various 
forces, including the current concern of climate change. Under such circumstance, the expressed 
WTP estimate for trading off the forest resources also reflects the fact that individual’s preference 
to enjoy a certain kind of culture service may shift from one forest to another driven by the 
changed future climate conditions.    

Due to the large scale of our study, we focus on estimating the average WTP (expressed in 
2005$/ha) for the cultural services (either recreational use or passive use) from various forest 
ecosystems across Europe. Value transfer has been conducted between the study sites, where 
original valuation has been carried out and the targeted policy sites, where forest biomes are 
found similar to those in the study sites.  

Running a meta-analysis is the first step. The result of meta-analysis enables us to explain the 
variance of the available WTPs (Willingness-To-Pay) as a function of a few statistically significant 
explanatory variables7. In particular, main explanatory factors for forest recreation and passive 
use are: i) size of recreational forest sites; and for passive use, size of forest areas designated to 
biodiversity conservation; and ii) income level in the study area. The WTP figures included in the 
regression are selected from an extensive literature review process focusing on all existing 
valuable studies. The estimated coefficients are then used for the geographical value transfer 
across countries. The selected primary studies covering various types of forest biomes in Europe 
are presented in Table 2.9. 

 

 

 

 
 
 

Table  2.9 Selected primary valuation studies at the study sites for geographical value 

                                                        
7 A similar approach is used by the authors in another recent research project (COPI) concerning a worldwide valuation of 
forest ecosystems in the context of policy inaction rather climate change (see Markandya et al. 2008 for more details). 
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transfer 

Country Reference study Forest biome 

United Kingdom Garrod, G.D. and Willis, K. G. (1997) 

Hanley, N., Willis, K, Powe, N, Anderson, M. (2002) 

ERM Report to UK Forestry Commission (1996) 

Temperate forests 

Finland Kniivila, M., Ovaskainen, V. and Saastamoinen, O. (2002) 

Siikamaki, Juha (2007) 

Boreal forests 

Spain Mogas, J., Riera, P. and Bennett, J. (2006) Mediterranean 

United Kingdom Scarpa, R., S. M. Chilton, W. G. Hutchinson, J. Buongiorno 
(2000) 

Temperate broadleaf 
and mixed forests 

The Netherlands Scarpa, R., S. M. Chilton, W. G. Hutchinson, J. Buongiorno 
(2000) 

Temperate broadleaf 
and mixed forests 

Finland Bostedt, G. and L. Mattsson (2005) Boreal forests  

Italy Bellu, L. G. and Cistulli V. (1994) Mediterranean and 
Temperate 

Broadleaf 

 

At the second step, the WTP estimates obtained in the selected primary studies8 are transferred 
to the policy sites, i.e. other European countries where original valuation studies are absent. The 
value transfer function is shown in equation (2) below, where the coefficients of forest size (S) 
and per capita income (PPP_GDP) obtained in previous meta-regression analysis are used to 
correct the transferred WTP estimates. In addition, the number of households (H) is also in the 
value transfer function, as it is considered to be influential on the final WTP estimates in different 
regions. WTP estimates from recreational and passive uses of forests are transferred separately 
for each country and a sum of the two values give rise to the WTP for the cultural value of forests 
in the country.  

 

 

 
where: 
Vi = estimated WTP/ha/year for a country i 
i = policy site, which refers to countries where value estimates of WTP is needed, but primary 
studies are absent. 
j = study sites, where original valuation studies are found. 

Finally, by multiplying the WTP estimates V($/ha) for recreational or passive use of forests by the 
sizes of forest area S that have been designated for recreation or conservation, we can obtain the 
total recreational or passive use value for each country. The total cultural value of a European 
country refers to the sum of the respective recreational and passive use value of the forests.  

                                                        
8 When several representative case studies and values are available, the mean marginal value is used. 
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Final valuation results 

In summary, the estimated economic values of three ecosystem services, i.e. regulating, cultural 
and provisioning services are presented in the Table 2.10, all expressed in 2005 US dollars.  

 

Table  2.10 Economic values derived from three forest ecosystem services in Europe 

Country Regulating 
Service          

(2005 Million 
US$/yr) 

Cultural 
Services 

(2005 Million 
US$/yr) 

Provisioning 
services         

(2005 Million 
US$/yr) 

Total 
 (2005 Million 

US$/yr) 

Albania 305 0.3 6 1,300 
Austria 4,451 91 5,990 24,949 

Belgium 344 75 4,807 6,339 
Bosnia&Herzegovina 839 0.2 202 3,761 

Bulgaria 1,393 40 256 6,200 
Croatia 2,721 8.2 343 11,884 

Czech Republic 3,375 73 1,568 15,946 
Denmark 296 57 465 1,776 

Estonia 1,465 2.3 510 6,723 
Finland 4,913 3.3 12,067 32,897 
France 8,137 831 7,204 42,529 

Germany 5,933 2,440 16,636 44,228 
Greece 1,442 89 141 6,341 

Hungary 2,518 107 693 11,474 
Ireland 370 0.03 506 2,072 

Italy 6,557 1,734 3,225 32,753 
Latvia 1,887 1.1 977 8,976 

Lithuania 1,347 7.8 354 6,069 
Luxembourg 111 5.2 216 691 
Netherlands 249 166 3,693 4,915 

Norway 3,744 1.2 1,863 17,737 
Poland 11,714 224 2,127 52,007 

Portugal 802 42 1,859 5,302 
Romania 8,118 143 848 35,403 

Serbia&Montenegro 1,035 0.3 137 4,525 
Slovakia 2,458 35 1,025 11,481 
Slovenia 1,611 17 684 7,529 

Spain 5,078 1,034 3,337 25,897 
Sweden 8,371 149 13,200 48,834 

Switzerland 1,416 46 2,003 8,050 
Turkey 3,909 0.02 256 16,827 

United Kingdom 1,967 734 2,665 11,739 

 

Table 2.10 shows the weight of ecosystem service value in a country’s total received forestry 
benefits may vary depending on the type and extent of the forests in the country as well as the 
ecosystem services under consideration. Finally, the last column of the table calculates the 
aggregated economic value that each European country can get from their forest ecosystems. 
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Not surprisingly, highest aggregated economic values are mostly found in forests located in 
Central - Northern European countries where host (a) the largest forest areas, (2) the higher 
number of households, (3) high rates of forest recreationists among the households. In addition, 
high values are found also in two eastern European countries, i.e. Poland and Romania, due to 
the rich forest resources and large forest areas found in these countries. For an aggregated 
perspective, we can see that half of the biodiversity benefits from the European forests are mainly 
concentrated in the regulating services, which count for about half of the total value. Cultural 
values amount to 5% and the provisioning services 45%. In addition, if we take a closer look into 
the cultural value component, we can see that Germany, Italy, Spain, France, UK and Poland are 
the countries that show the highest economic values on this component. However the relative 
value composition is not the same among those countries – see Figure 2.5. 

 

 

Figure 2.5: Forest ecosystem services composition  

 

As we can see, in Germany, forests are predominantly producing provisioning services. In fact, in 
this setting Germany is the country that has the strongest profile of provisioning services. On the 
other hand, Poland has the weakest profile in forest provisioning services. However, Poland has 
the strongest profile with respect to regulating services. Italy, France and Spain do not have any 
predominant profile with respect to any of the forest ecosystem services but show the strongest 
balance in terms of distribution of the economic value for each of the three dimension under 
consideration. Finally, the UK show a profile closer to the France/Spain/Italy rather than Germany 
or Poland. In any case, the intensity of the forest values produced in the UK when compared to 
France/Spain/Italy are weaker: the UK profile lies inside all the individual maps of 
France/Spain/Italy. 

In addition, we can also explore the use of GIS tools so as to map the economic values of forest 
ecosystem services – see Figure 2.6.  
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Figure 6: The productivity value of per hectare forests in Europe 

 

The GIS map is created based on the geographical distribution of forests in Europe as identified 
in the Corine land use map. Within each country, the average per hectare values estimated in the 
economic valuation analysis described in this section are distributed over the forest grid cells in 
Corine, with a 100x100 meter resolution. These maps provide detailed information with respect to 
the spatial distribution of the economic values. This can be also integrated with the chart 
diagrams as the one showed in Figure 2.7. Whereas Spain and France show again similar 
profiles, which are characterized by a balanced distribution of the values at stake, respectively 
provisioning, regulating and cultural, UK reveals to be the country with the highest forest 
productivity in terms of cultural values. Germany and Italy reveal to be the second and third most 
productive European forests, again when measured in terms of cultural values.9 As far as the 
regulating services, all the countries show similar profiles where the differences account the 
differences of the forest type and geographical locations. 

 
 

 

                                                        
9 The Netherlands is the most productive country in terms of cultural values provided by forests, well ahead the UK. 
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Figure 2.7: The productivity value of per hectare forests in Germany, Italy, Spain 
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3.2.2 Economic Value of Freshwater Ecosystems  
 
Freshwater ecosystems have long been recognized as sources of important services and goods 
for humans. The range of benefits encompasses provisioning of goods such as water, fuel wood, 
materials, and fish for commercial exploitation, regulating flood events and water quality 
processes, providing the setting for recreational activities and amenity values, and supporting a 
rich biological diversity. Both the level of provisioning of ecosystem services and their impact on 
human welfare are threatened by a series of environmental stressors, such as habitat conversion 
and climate change, which have a potential to affect the ecological equilibriums services rely 
upon and the patterns of human exploitation.  
 
In this study we develop a framework for the economic valuation of the flow of services from 
freshwater ecosystems (i.e., rivers, lakes and freshwater wetlands) at European scale and for 
assessing the distribution of such values within European countries. Meta-analysis is used as a 
tool (i) to investigate the provision of services of freshwater ecosystems from an economic 
perspective and (ii) to scale up freshwater ecosystem services values in 28 European countries. 
In particular, we investigate how climatic conditions, socio-economic characteristics of the 
population living in the surrounding of the valued sites, and biodiversity richness are mutually 
linked in determining the impact on human livelihood produced by the provision of ecosystem 
services. The aggregated values are subsequently geographically distributed within European 
countries based on the information on land cover provided by the Corine map (Büttner et al. 
2002).  
 

 
1. The dataset of freshwater ecosystems valuations 

The impact of freshwater ecosystem services on human livelihood is predicted based on 236 
independent observations from 103 valuation studies and concerning 123 distinct freshwater 
wetlands, riverine or lacustrine ecosystems. The dataset is not limited to European sites but 
includes valuation results from ecosystems worldwide. Figure 2.8 illustrates the geographical 
distribution of the ecosystems in the dataset.  

 
Figure 2.8 Geographical location of valued ecosystems and their size 
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All continents are represented in the data set. The largest number of observations pertains to 
North America (90) and Europe (63), but a significant fraction comes from Africa (37) and Asia 
(32). Australasia (8) and South America (6) are somewhat underrepresented.  
 
All studies considered are primary valuation studies and no observation based on value transfer 
is included in the data set. In order to limit the risk of introducing publication bias, the investigation 
is not limited to the analysis of publications in the “official scientific literature”, but also explores 
the “grey literature” (such as reports for both public and private institutions and consultancy 
studies) and unpublished research results. Efforts were also made to include studies that are not 
published in the English language. The average number of observations per study (2.3) and the 
maximum number of observations for a single study (12) are relatively low if compared to the total 
number of observations used in the analysis (236).  
 
 
2. Specification of the meta-regression model 

The meta-analytical regression model used in this study is a semi-logarithmic model where the 
dependent variable is the values standardized to 2003 US$ per hectare per year and corrected 
for purchase power parity across different countries. The explanatory variables are selected to 
represent characteristics of the valuation study, the specific valued ecosystem site and the socio-
economic, geographical and climatic context in which the valued ecosystem is located. 

 
Study variables 

Study characteristics accounted for in the model include the valuation method used and a dummy 
distinguishing between marginal and average values. A range of valuation methods has been 
used in the primary studies for the assessment of the values of wetlands and freshwater 
ecosystems. Valuation methods are grouped in four categories: stated preference methods (i.e., 
contingent valuation method and choice experiment), revealed preference methods (i.e., travel 
cost method and hedonic pricing), market-based methods (i.e., market prices, replacement cost, 
net factor income, production function and opportunity cost), and mixed valuation methods, which 
combine different methodologies (e.g. contingent behaviour method). A dummy for each of the 
categories is included in the meta-regression model to account for the heterogeneity of methods, 
as they produce estimates of different welfare measures and not all of them have a strong basis 
in welfare theory. Market-based values are the omitted variable in the regression. Figure 2.9 
illustrates the distribution of valuation methods according to the four categories of methods.  
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Figure 2.9 Number of observation per type of method and single valuation methods 
(Choice = choice experiment, CVM = contingent valuation method, HP = hedonic pricing, TCM = 
travel cost method, Rep Cost = replacement cost, NFI = net factor income, Prdtn Ftn = production 
function, Mkt price = market prices, Opp cost = opportunity cost) 

 
The largest number of observations was derived using market-based valuation methods (132). 

The most frequently implemented market-based method is market prices (51) followed by net 
factor income (29). Production function and opportunity cost were used in respectively 10 and 6 
observations. Some studies use a combination of market-based methods. Stated preference 
methods were used in 65 observations, contingent valuation method (61) being more frequently 
implemented than choice experiment (4). Revealed preference methods (i.e., travel cost method 
(32) and hedonic pricing (4)) were used in 36 observations.  

To distinguish between marginal and average per hectare values, a dummy variable is 
introduced, which assumes a value equal to one for marginal values (34) and equal to zero 
otherwise (202).  

 
Site variables 

Characteristics of the valued ecosystem that are accounted for in the meta-regression model are 
the type and size of the ecosystem, and the services provided. Three dummies identifying rivers 
and floodplains (106 observations), lakes (89 observations) and other types of freshwater 
wetlands (93 observations) are introduced in the model. Some value observations may pertain to 
several ecosystem types. 
 
Three types of freshwater ecosystems were considered: rivers (and river floodplains), lakes, and 
other types of freshwater wetlands, such as palustrine wetlands, swamps, peat bogs and wet 
forests. River deltas, estuaries, coastal salt marshes and lagoons were not included in the 
dataset. Figure 2.10 illustrates the distribution of the observations across the three main 
ecosystem types considered. Since a value estimate may pertain to an ecosystem with mixed 
characteristics of to a group of ecosystems of different types, the sum of observations for the 
categories in Figure 2.10 is larger than the total number of observations. 

 
Figure 2.10. Number of valuations for rivers, lakes and freshwater wetlands ecosystems 
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The services and goods provided by the investigated ecosystems are classified according to the 
Millennium Ecosystem Assessment (Millennium Ecosystem Assessment 2005) approach into the 
categories of provisioning, regulating and cultural services. Within the category of cultural 
services a distinction is made between recreational services (i.e., recreational hunting, 
recreational fishing, and other non-consumptive recreational activities such as walking, cycling, 
swimming and boating) and passive uses (i.e., amenity value and provision of natural habitat and 
biodiversity). The number of observations for the identified ecosystem services is illustrated in 
Fig. 6. The largest number of observations is for recreational cultural services as well (98). A 
relatively large number of observations are available for provisioning services (88) such as 
commercial fishing and hunting, harvesting of natural materials, water supply and fuel wood. 
Regulating services such as flood control and storm buffering and water quality improvement 
provided by 63 observations. Slightly less information is available in the literature for passive uses 
(54 observations).  
 

 

 
Figure 2.11. Number of observation per type of ecosystem service and single services (Recr. 

Hunting = recreational hunting, Recr. Fishing = recreational fishing, Fishing/hunting = commercial 
fishing and hunting, WQ improvement = water quality improvement, Flood control = storm 
buffering and flood control) 
 
 
The size of the ecosystems has been estimated in hectares and shows large variability. The 
ranked distribution in the size of the valued ecosystems is illustrated in Figure 2.11. The median 
size is 3,455 ha, while the average size is 187,875 ha with a standard deviation equal to 
1,299,594 ha. Examples of large valued sites, covering hundreds of thousands of hectares are 
the wetlands of Louisiana (Gosselink et al. 1974), the Pantanal (Shrestha et al. 2002), and the 
Danube floodplain (I. M. Gren et al. 1995). Although the majority of the valuation studies so far 
has comprehensively focused on large sites, small-size ecosystems are also represented. Some 
examples are small wetlands in the North Dakota prairie (Leitch & Hovde 1996), Louisiana (Leitch 
& Hovde 1996), Italy (Marangon et al. 2002) and England (Ledoux 2003). All these wetlands are 
below hundred hectares in size. Although there is no clear a priori expectation of the influence of 
size on its value, previous meta-analyses of ecosystem values agree on the relevance of size as 
a significant factor to explain the variability of values. 
 
Finally, the latitude at which the valued ecosystems are located is included in the model as a 
categorical predictor with four levels. The four categories considered are chosen so as to 
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distinguish between different biomes in European countries: Mediterranean (between 35°N and 
45°N), temperate (between 45°N and 55°N), and Baltic-Scandinavian ecosystem types (at 
latitudes higher than 55°N). The omitted category in the regression identifies freshwater 
ecosystems that are located at latitudes equal to or lower than 35°N.  

 

 
Figure 2.12 Ranked distribution in the size of the valued ecosystems 

 
Context variables 

Environmental valuation studies carried out at different geographical sites and involving 
populations with different socio-economic characteristics and consumer preferences generally 
produce different outcomes (Brouwer 2000). Context characteristics are expected to significantly 
influence the valuation estimates. 

A series of context variables are included in the meta-regression model. Gross Domestic Product 
(GDP) per capita and the population living in the surroundings of the valued ecosystem are 
introduced to capture some characteristics of the socio-economic context where the valued sites 
are located. The presence of income effects and the influence of population density in the 
surrounding of the valued environmental asset in determining the results of the valuation study 
were identified in previous meta-analyses (Brander et al. 2006). The GDP value is calculated at 
country level for all countries but European countries and the USA, where it is estimated at 
NUTS210 and state level respectively. GDP per capita values were expressed in Purchase Power 
Parity (PPP) units and standardized to I$ 2003 per year following the procedure described in 
(Ghermandi et al. 2008). The population density and total area of freshwater ecosystems 
abundance of wetland ecosystems at country level are included in the meta-regression model in 
order to capture the fact that a high population density around the valued sites may contribute to 
transform potential values into actual benefits as well as potential substitution effects (Ghermandi 
et al. 2008). The total area of wetlands for each country is calculated based on the georeferenced 
information provided in the Global Lakes and Wetlands Database (Lehner & Döll 2004). 

                                                        
10 NUTS2 is one of the Nomenclature of Territorial Units for Statistics levels used in the 

European Union to identify regional administrative divisions within member states.  
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A series of geo-climatic and biodiversity variables were considered for their possible influence on 
the estimated values. The biodiversity variables considered include the total number of bird 
(mammal) species and of threatened bird (mammal) species at country level as derived from the 
Little Green Data Book (World Bank, The 2007). The geo-climatic variables evaluated for 
inclusion in the model include the average, minimum and maximum monthly temperature and the 
average yearly precipitation at country level. The geo-climatic and biodiversity data used in the 
model refers to the baseline year 2003.  

 
Standardization of values 

To allow for a comparison between ecosystem values that have been calculated in different years 
and expressed in different currencies and metrics – e.g. willingness to pay (WTP) per household 
per year, capitalized values, and marginal value per acre –  standardization to common metric 
and currency is needed. WTP per household per year cannot be used as a common metric since 
several of the valuation methods used in the literature – e.g. net factor income, opportunity cost, 
replacement cost, and market prices – do not produce WTP per person estimates. On the other 
hand WTP per person can be converted to a value per hectare per year if the relevant population 
is known. Values were thus standardized to 2003 I$ per hectare per year. Values referring to 
different years were deflated using appropriate factors from the World Bank Millennium 
Development Indicators (World Bank 2006), while differences in purchase power among the 
countries were accounted for by the PPP index provided by the Penn World Table (Heston et al. 
2006).  
 
3. Econometric results  

Most of the explanatory variables included in the model are statistically significant in explaining 
the current values of freshwater ecosystems. Of the study characteristics, revealed preference 
methods produce significantly lower results than market-based methods and marginal values are 
higher than average ones. If compared with the results of previous meta-analyses of wetland 
values, such result is consistent with the findings of Brander et al. (2006) and Ghermandi et al. 
(2008) who found high values for studies with stated preference methods and marginal values, 
and only partially contrasts with those of Woodward & Wui (2001), who observed high values for 
studies using hedonic pricing and replacement cost as valuation method.  
 
Site-specific characteristics significantly affect ecosystem values. The coefficient on wetland size 
indicates decreasing returns to scale (cf. Brander et al. 2006; Ghermandi et al. 2008; Woodward 
& Wui 2001). Ecosystems located at temperate Northern latitudes between 35°N and 45°N 
provide statistically higher values than ecosystems at higher latitudes, in proximity of the Equator 
or at temperate climates in the Southern hemisphere. Of the ecosystem services, the coefficient 
of provisioning services is negative indicating low values for commercial fishing and hunting, and 
provision of materials and fuel wood, while both regulating services and passive values have 
positive – though not statistically significant – coefficients.  
 
All context variables are significant in explaining the values of freshwater ecosystems. Both real 
GPD per capita and population density are positively related to ecosystem values indicating an 
inelastic income effect and high values where a large population may easily access the sites. The 
negative value on the total area of freshwater ecosystems suggests that substitution effects may 
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take place and thus high values for ecosystems that are more unique in their environment. Such 
results confirm the previous findings in Ghermandi et al. (2008).  
 
An important additional contribution of this meta-analysis is the recognition of the role of geo-
climatic and biodiversity variables in determining ecosystem values. Both the coefficients of the 
maximum monthly temperature and total number of bird species are significant. Values tend to be 
high in areas of high biodiversity and decrease at high temperatures.  

 
4. Scaling up and distribution of values 

As second step in the analysis, we apply benefit transfer techniques to use the results of the 
meta-regression and scale up the values of freshwater ecosystem services at country level in 28 
European countries. For this purpose, we evaluated the values of the explanatory variables in the 
meta-regression model in each of the 28 countries. Each country was classified within one of the 
latitude categories following the distribution of biome types within Europe. Mediterranean and 
South European countries include Bulgaria, Croatia, Greece, Italy, Portugal and Spain, (35°N - 
45°N); Central-Northern European countries include Austria, Belgium, Czech Republic, France, 
Germany, Hungary, Ireland, Luxembourg, Netherlands, Poland, Romania, Slovakia, Slovenia, 
and Switzerland (35°N - 45°N); Northern European and Scandinavian countries are Denmark, 
Estonia, Finland, Latvia, Lithuania, Norway,  Sweden, and the United Kingdom (latitude higher 
than 55°N). The context variable accounting for the total area of freshwater ecosystems in each 
country was evaluated by means of GIS analysis from the Global Lakes and Wetlands Database 
(Lehner & Döll 2004). The average size of freshwater ecosystems in European countries was 
derived from Brander et al. (2008), who created a dataset of 50,533 individual European coastal 
and freshwater wetlands with GIS analysis from the Corine land cover. The binary variables 
identifying valuation methods and ecosystem services were estimated at the sample mean for the 
scaling up of values with exception of the variable ‘marginal’ which was set equal to zero in order 
to estimate average values. 
 
To aggregate the values and scale them up at country level we multiplied the per hectare values 
estimated for each country with the benefit transfer exercise by the total area of freshwater 
ecosystems in the investigated countries. Since the Corine dataset provides a more refined land 
use classification for European countries, the total area for the aggregation of the values was 
estimated based on the categories of inland marshes, peatbogs, water courses and inland water 
bodies in the Corine classification.  
 
Table 2.11 presents the mean value per hectare, the total area per country and the estimated 
aggregated value of ecosystem services provided by freshwater ecosystems for each of the 28 
European countries.  

 
Table 2.11. Estimated value of freshwater ecosystem services in Europe 

Country Mean value  
[$/ha year] 

Total area  
[ha] 

Aggregated value 
[Million US$2003/year] 

Austria 17,969 95,685 1,719 
Belgium 113,286 24,762 2,805 
Bulgaria 69,497 111,972 7,782 
Croatia 166,508 71,551 11,914 
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Czech Republic 14,589 60,688 885 
Denmark 11,266 90,495 1,020 
Estonia 1,205 396,919 478 
Finland 1,779 5,396,898 9,599 
France 10,851 400,351 4,344 
Germany 14,935 518,158 7,739 
Greece 81,645 132,851 10,847 
Hungary 5,867 279,976 1,642 
Ireland 9,155 1,271,368 11,640 
Italy 200,278 233,984 46,862 
Latvia 2,396 272,944 654 
Lithuania 1,789 182,333 326 
Luxemburg 121,994 733 89 
Netherlands 20,734 226,065 4,687 
Norway 3,672 1,005,407 3,692 
Poland 6,150 556,487 3,423 
Portugal 275,265 55,567 15,296 
Romania 4,495 683,155 3,071 
Slovakia 12,728 30,435 387 
Slovenia 30,095 10,307 310 
Spain 117,314 342,307 40,157 
Sweden 5,926 6,523,231 38,658 
Switzerland 19,624 52,326 1,027 
UK 8,819 747,987 6,596 

 
 

On average, Mediterranean countries (Italy and Portugal in particular) show high mean values per 
hectare. This is partly due to the relative scarcity of freshwater ecosystems compared to Northern 
European countries. Countries with high population density such as Belgium or high values of 
GDP per capita such as Luxembourg also show high values. The lowest mean values per hectare 
are found in Scandinavian countries and Ireland, i.e., where the largest total area of freshwater 
ecosystems is concentrated and population density is low. We estimate thus that the highest 
aggregated values are in countries with high mean values per hectare, such as Italy and Spain, or 
with very large total ecosystem areas, such as Sweden. Despite the large area in Finland and 
Norway, the aggregated values for these two countries are relatively low.  
 
To investigate the spatial distribution of values within each country, we combined the results of 
the meta-analysis and value transfer exercise with the information on land use from the Corine 
land use map. The spatial location of inland wetlands and freshwater ecosystems is identified and 
the average per hectare value estimated with the meta-regression is attributed to each pixel 
according to the country where the pixel is located. Since the resolution of the Corine map is 100 
m x 100 m (i.e., every grid cell has an extension of one hectare), the value thus attributed 
coincides with the yearly flow of value from each grid cell. The distribution of values thus obtained 
is presented in Figure 2.13.  
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Figure 2.13. The distribution of values of freshwater ecosystem services in Europe 
 
Figure 2.13 illustrates how the spatial distribution of economic values does not necessarily follow 
the geographic distribution of freshwater ecosystems. While most freshwater ecosystems are 
concentrated in North Europe (i.e., in Scandinavian and Baltic countries, United Kingdom, and 
Ireland), such sites are characterized by low per hectare values (bright blue in the map). 
Ecosystems with substantially higher per hectare values are scattered in Southern European and 
Mediterranean countries (dark blue in the map).  
 

3.2.3 The recreational value of coastal and marine ecosystems 
Marine and coastal areas host biodiversity-rich ecosystems that are among the world’s most 
valuable. Apart from their ecological value, coastal ecosystems deliver a series of goods and 
services that are of benefit to humanity. These include cultural values that support tourism and 
recreational activities such as beach leisure (Bin et al. 2005; Freeman III 1995), wildlife watching 
(Loomis et al. 2000), diving (Depondt & Green 2006), bathing (Georgiou et al. 1998) recreational 
fishing and boating (Freeman III 1995). Market failures induced by the public good character of 
many of the aforementioned goods and services or from ill-defined property rights result in many 
of the benefits delivered by coastal and marine ecosystems being overlooked in the policy-
making process. While the number of published primary valuation studies focusing on the cultural 
values of marine and coastal ecosystems is rapidly growing, there is still a limited understanding 
of what the principal drivers of coastal recreation values are and how human welfare may be 
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affected by disappearance of habitats and species due to anthropogenic pressure and shifting 
environmental conditions (Brander et al. 2007; Liu & Stern 2008). 
 
In this section we develop a meta-analytical value transfer function that will be applied to map the 
current economic value of the recreational services provided by European coastal ecosystems. 
For this purpose an extensive dataset of valuation studies is created and a series of explanatory 
variables such as biodiversity richness and geo-climatic variables are included in the model. 
These variables are selected in order to get a better and more economically oriented explanation 
of observed differences in ecosystem valuations. After inferring the main determinants of the 
willingness to pay (WTP) per person per year for cultural ecosystem services, values are 
aggregated to the entire relevant population of recreationists in order to estimate the current 
recreational value of coastal ecosystems in European countries. 
 

 
1. The dataset of coastal and marine ecosystems values 

A large data set of non-market valuations of coastal and marine ecosystems was constructed for 
the purposes of this study. In total, 320 primary valuation studies were retrieved and investigated. 
Online valuation databases constituted an important source of primary valuation studies or 
references to relevant papers. The investigation was not limited to the analysis of publications in 
the official scientific literature, but also explored “grey literature” (such as reports for both public 
and private institutions, consultancy studies, and unpublished working papers). Only primary 
valuations were considered and care was taken not to include more than once in the data set 
estimates that were published in multiple papers.  
 
Of all studies, 79 were found to contain sufficient information for the meta-analysis. The total 
number of observations in the data set is 315. The average number of observations per study is 
4.0 and the maximum number of observations per study is 24 (Downing & Ozuna 1996). The 
number of studies and observations is considerably larger than in previous meta-analyses of 
coastal and marine ecosystem values. A study on recreational value of coral reefs (Brander et al. 
2007) counted 52 studies and 73 usable observations. A meta-analysis of contingent valuation 
studies in coastal and near-marine ecosystems (Liu & Stern 2008) collected 39 studies and 120 
observations. Figure 2.14  presents the geographical distribution of the ecosystems in the 
dataset. Although all the continents are represented in the dataset, by far the largest number of 
observations (197 observations) is from the United States.  
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Figure 2.14. Geographical location of valued coastal ecosystems 
 
 

All studies considered are primary valuation studies and no observation based on value transfer 
is included in the data set. In order to limit the risk of introducing publication bias, the investigation 
is not limited to the analysis of publications in the “official scientific literature”, but also explores 
the “grey literature” (such as reports for both public and private institutions and consultancy 
studies) and unpublished research results. Efforts were also made to include studies that are not 
published in the English language. The average number of observations per study (4.0) and the 
maximum number of observations for a single study (24) are relatively low when compared to the 
total number of observations used in the analysis (315). As such, multiple sampling bias is 
expected to have a limited influence on the results of the investigation. 
 
A large number of valuation studies focused on recreation, protection from erosion, and reduction 
of tourists congestion in sandy beaches (n=147). A number of observations are also available for 
conservation of biodiversity hotspots and recreation in coral reefs areas (n=25). A significant 
fraction of the total observations focused on marine and coastal protected areas (n=86). The 
largest valued ecosystem in the data set in terms of length of coastline is the Great Barrier Reef 
in Australia (Carr & Mendelsohn 2003) but smaller sites such as single beaches are also 
represented in the dataset.  
 
Due to the focus on non-market values, the valuation methods included in the data set are either 
revealed or stated preference ones. Among the former, the contingent valuation method provided 
the largest number of observations (n=137), but choice experiments are also represented (n=18). 
The observations that were obtained with the travel cost method are 128. Finally, 32 values were 
estimated with the contingent behavior method, which combines both revealed and stated 
preference methods.  
 

 
2. Specification of the meta-regression model 

A semi-logarithmic model specification is assumed for the regression of the willingness to pay 
(WTP) per person per year for recreational activities in the valued sites. The final set of 
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explanatory variables of the value function is chosen based on the experience gathered from 
previous meta-analyses of ecosystem values (Ghermandi et al. 2008). The explanatory variables 
are classified into three principle categories: valuation study characteristics, site characteristics, 
and context characteristics. 
 
 
 
 
Study variables 

The study characteristics that are accounted for in the meta-analytical value function are the type 
of valuation methods used in the primary study, the type of welfare measure elicited, and a 
dummy distinguishing whether values in the primary study are estimated for individuals or 
households. Valuation methods are classified into two categories according to the distinction 
between stated and revealed preference methods. Observations derived with stated preference 
method include contingent valuation, choice experiment, and contingent behaviour estimates. 
Revealed preference estimated by means of the travel cost method is the omitted category for 
valuation methods in the meta-regression. The type of welfare measure elicited in the primary 
valuation study is accounted for in the model by a dummy variable which reflects whether the 
observation is (i) a total WTP or total consumer surplus, or (ii) the WTP to achieve an increase (to 
forego a decrease) in the level of provision of a specific ecosystem service as compensating 
variation (equivalent variation). Finally a dummy is included to distinguish between values 
estimated for individuals and households since most primary valuation studies do not provide 
information on the average household size. 
 
Site variables 

The site characteristics that are accounted for in the meta-analytical value function are the type of 
ecosystem and the type of ecosystem service provided. A series of dummy variables is included 
in the model to distinguish between recreational activities that take place in sandy beaches 
(n=147), coral reefs (n=25) and other types of coastal ecosystems (n=143) (for example the latter 
include coastal marshes, rocky coastlines, and coastal forests).  
 
Two types of cultural recreational ecosystem services are considered, i.e., recreational fishing 
(n=164) and non-consumptive recreation (n=206). The latter identifies activities such as 
swimming, snorkeling, diving, bathing, boating and beach leisure. Since the two types of services 
are not mutually exclusive, i.e., one value observation may reflect a combination of both, no 
reference category is defined in the analysis of this variable.   
 
Context variables 

Building upon the results of previous meta-analyses, context variables are introduced to capture 
the possible influence of income effects, population density, richness in biodiversity, and geo-
climatic variables on ecosystem values. All variables are evaluated at a country level, with the 
exception of GDP per capita which is calculated at the state and NUTS2 levels for the United 
States and EU countries respectively. GDP per capita values were expressed in Purchase Power 
Parity (PPP) units and standardized to US$ 2003 per year following the procedure described in 
Ghermandi et al. (2008). The population density at country level is included in the meta-
regression model in order to capture the fact that a high population density around the valued 
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sites may contribute to the transformation of potential values into actual benefits as previously 
observed by Brander et al. 2006 and Ghermandi et al. (2008). 
 
A series of geo-climatic and biodiversity variables were considered for their possible influences 
on the estimated values. The biodiversity variables considered include the total number of bird 
and mammal species and of threatened bird and mammal species at country level as derived 
from the Little Green Data Book (World Bank, The 2007). The geo-climatic variables evaluated for 
inclusion in the model include the average, minimum and maximum monthly temperature and the 
average yearly precipitation at country level. To reduce the negative effects of correlation 
between variables in the meta-regression, for the final set of variables we selected from this 
group the total number of bird species, threatened bird species, minimum and maximum monthly 
temperature only.  
 
 
 
 
3. Econometric results 

The estimated coefficients of the explanatory variables are mostly statistically significant and with 
the expected sign. Among study characteristics, the results of the regression confirm the a priori 
expectations that the value attributed to marginal changes in the level of provision of recreational 
services is lower than its total value, and that values expressing the WTP of a household are 
statistically higher than those referring to single individuals. No significant difference is found 
between stated and revealed preference valuation studies.  
 
With respect to site characteristics, the coefficient for recreational activities in coral reefs is higher 
than in sandy beaches or in other coastal ecosystems, but the difference is not statistically 
significant. The value attributed by individuals to the recreational fishing experience is higher than 
that of non-consumptive recreational activities.  
 
The coefficient of the variable ‘Real GDP per capita’ indicates the presence of income effects 
(Ghermandi et al. 2008; Brander et al. 2006). The coefficient of the population density variable is 
statistically significant but has a negative sign, which is in contrast with the findings of previous 
meta-analyses of the values of ecosystem services (Ghermandi et al. 2008; Brander et al. 2006). 
Both biodiversity variables have the expected signs, which indicate a higher value for recreational 
sites with high biodiversity and lower values where biodiversity is threatened. Finally, both 
coefficients on the temperature variables are positive and suggest that coastal recreational 
activities are more highly valued in warm climates.  
 

 
4. Scaling up and distribution of values 

The value of WTP per person per year for coastal recreational activities for 22 European 
countries during the baseline year 2003 was estimated based on the regression coefficients 
reported in Table 2. The calculated values reflect the total WTP for the provision of recreational 
services, i.e., the coefficient of the variable ‘variation’ is set equal to zero, and individual values, 
i.e., coefficient of ‘household’ equal to zero. The coefficients of the study method and the type of 
recreational activity reflect the sample average for the 315 observations. Values are calculated for 



 39 

a generic coastal ecosystem, i.e., the coefficients of both ‘beach’ and ‘reef’ are equal to zero. The 
value of the context variables during the baseline year is illustrated in Table 2.12. 

 
Table 2.12. Values of context variables in baseline year regression (2003) 

Country Population 
density, 

inhab./km2 

GDP per 
capita, 

US$ 

 Number 
of birds 
species 

Number of 
threatened bird 

species 

Min monthly 
temperature, 

°C 

Max monthly 
temperature, 

°C  
Belgium 340.81 32,808 427 10 2.12 16.94 
Bulgaria 69.78 9,354 379 11 -3.14 21.82 
Croatia 80.49 13,342 365 9 -2.45 19.90 
Denmark 125.70 34,669 427 10 -1.32 15.13 
Estonia 29.71 16,127 267 3 -15.36 15.20 
Finland 15.59 32,678 421 10 -15.47 12.09 
France 111.49 29,276 517 15 3.17 17.56 
Germany 231.50 29,550 487 14 -1.53 17.29 
Greece 84.13 24,399 412 14 12.90 24.11 
Ireland 58.95 41,492 408 8 2.05 13.97 
Italy 194.69 29,502 478 15 10.06 20.89 
Latvia 35.64 13,540 325 8 -15.36 15.20 
Lithuania 52.45 14,569 227 4 -9.11 15.91 
Netherlands 393.20 33,198 444 11 5.99 14.58 
Norway 14.31 41,630 442 6 -10.19 11.14 
Poland 122.15 13,741 424 12 -5.22 17.58 
Portugal 114.97 21,791 501 15 5.52 20.38 
Romania 90.73 9,056 365 13 3.68 15.05 
Slovenia 98.62 22,261 350 7 -2.45 19.90 
Spain 85.96 26,296 515 20 3.69 20.87 
Sweden 20.09 32,325 457 9 -0.40 4.37 
UK 246.08 33,314 557 10 2.07 14.75 

 
Table 2.13 presents the mean baseline values of WTP per person per year and the aggregated 
values of coastal recreational activities in the 22 European countries investigated. The total 
number of visitors per year represents the total number of domestic and international tourist 
arrivals in coastal NUTS2 regions in each of the considered countries, as estimated by Eurostat 
(2010) for year 2003.  

 
Table 2.13. Aggregated WTP for coastal and marine recreation in Europe 

Country Average individual WTP  
[US$ /person year] 

Arrivals in coastal 
NUTS2 (thousands) a 

Aggregated value 
[Million US$/year] 

Belgium 159.24 1,691 269 
Bulgaria 103.58 1,330 138 
Croatia 127.07 3,466 440 
Denmark 144.73 2,951 427 
Estonia 120.48 1,315 158 
Finland 74.48 6,256 466 
France 172.19 37,298 6422 
Germany 110.12 9,385 1033 
Greece 447.54 12,019 5379 
Ireland b 250.55 8264 2071 
Italy 282.54 48,662 13749 
Latvia 49.70 659 33 
Lithuania 104.54 560 59 
Netherlands 153.51 9,199 1412 
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Norway 183.37 9,437 1730 
Poland 71.40 975 70 
Portugal 204.88 9,619 1971 
Romania 70.56 907 64 
Slovenia 195.08 1,015 198 
Spain 176.64 47,383 8370 
Sweden 110.62 12,911 1428 
UK 178.24 39,334 7011 

a Source: Total arrivals of residents and tourists according to Eurostat (2010) and referring to 
year 2003; b Number of arrivals refers to year 2000. 

 
 

The highest WTP per person per year is found in the Mediterranean countries, Greece and Italy 
in particular. This is partly due to the fact that both minimum and maximum yearly temperatures 
are observed to be positively correlated with the values of WTP per person per year. WTP for 
tourism in Ireland and Norway is also high in spite of the low temperatures with respect to 
Mediterranean countries. This suggests that a different type of tourism may take place there, 
where climatic conditions are less crucial and tourists may be willing to pay more in order to enjoy 
the values of the natural landscape in a more pristine and less densely populated environment. 
Finland and Sweden have the lowest values of WTP per person per year, which suggests that in 
these countries the cold climate plays a crucial role in determining tourist demand.  
 
Table 2.13 also provides estimates of the aggregated WTP values for all yearly visitors in the 
coastal regions of each considered country. High aggregated values are found in Mediterranean 
countries due to the fact that the estimated individual WTP in those countries is high and the 
tourism industry particularly developed there. High values are found in particular in Italy, France, 
and Spain. One of the highest total recreational values is found in the United Kingdom due to the 
high number of domestic and international arrivals reported for the reference year.  
 
To spatially disaggregate the total values at country level, Figure 2.15 presents the values 
estimated for coastal NUTS2 regions in Europe. The values are obtained multiplying the 
individual WTP estimated at country level by the total number of arrivals in each region during 
year 2003, as reported by Eurostat.  
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Figure 2.15. Aggregated values of recreation in coastal NUTS2 regions of Europe 
 
The NUTS2 regions with the highest recreation values are those located in the Mediterranean 
coast of Italy, Spain, and France. Relatively high values are found also in the western coast of 
France and in the United Kingdom. A high aggregated value is found also for Ireland, although 
one should notice that due to lack of data relative to the number of visitors in NUTS2 regions of 
Ireland, it was not possible to disentangle the total country value into smaller units. Low 
aggregated recreation values are found in the Baltic and Scandinavia countries, and along the 
Black Sea coastline.  
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4. A GIS approach to investate the dependency of human livelihoods on bnefits of 
biodiversity and eocystem esrvices  
 
To investigate the links and dependencies between a country’s economy, biodiversity richness 
and the values of ecosystem services, we use a GIS to integrate spatially the three layers of 
information. The investigation undertaken in this section aims at testing the following hypotheses:  
 

(1) A survey in the literature shows that environmental income can play a crucial role in the 
livelihoods of rural households, especially the poorest, therefore, poorer economies in 
Europe are expected to have stronger dependency on the ecosystem services.  

(2) Despite biodiversity and environmental conservation policies are much more advocated 
in developed economies, larger proportion of the nature resources remaining pristine 
might be found in less developed economies as the resources are less extensively 
extracted for economic activities. 

(3) The weights of each value component over the total economic value of ecosystem 
services differ across countries. Many factors may have influence on the weights of 
different values of ecosystem services in a country, however, the relative weight of 
provisioning services value might be expected to be higher in less advanced economies.  

(4) Higher densely populated rural area might be found in coincidence with environmental 
resources concentrated area, e.g. high forest coverage; whereas the expansion of urban 
area is expected to be negatively correlated to the natural resources.  

  
With these goals in mind, we selected the following indicators for the spatial integration:  

- Biodiversity layer: index by Wendland et al. (2009), averaged at country level 
- Socio-economic layer:  

o GDP per capita in 2007 
o Added value of agriculture as percentage of GDP in 2005 

- Ecosystem services layer:  
o Total value and value per capita of the ecosystem services of forest, freshwater 

and coastal ecosystems considered in Section 10. 
 

Table 2.14 presents the value of the selected indicators for the 2811 European countries 
investigated. 
 
Table 2.14. Indicators of socio-economic condition, biodiversity richness and ecosystem 
services value 
Country Ecosystem service value 

per capita 
(US$/person/year) 

Added value 
of agriculture 

(% of GDP) 

Biodiversity 
index 

GDP per 
capita 
(US$, 

2007, PPP) 

Aggregated value 
[Million 

US$2003/year] 

Austria 1,482 2 76.516 44,879 1,719 
Belgium 789 1 62.127 42,609 2,805 
Bulgaria 1,254 9 91.306 5,163 7,782 
Croatia 3,477 7 76.896 11,559 11,914 
Czech Republic 571 3 76.601 16,934 885 
Denmark 441 1 36.503 57,051 1,020 
Estonia 1,948 5 54.846 15,578 478 

                                                        
11 Four countries are dropped from the dataset due to missing information.   
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Finland 5,204 3 39.695 46,261 9,599 
France 442 2 76.456 41,970 4,344 
Germany 417 1 68.987 40,324 7,739 
Greece 1,513 4 62.744 27,995 10,847 
Hungary 493 4 84.623 13,766 1,642 
Ireland 3,527 2 22.934 59,324 11,640 
Italy 1,212 2 67.138 35,396 46,862 
Latvia 1,560 4 60.332 11,930 654 
Lithuania 620 5 67.323 11,356 326 
Luxembourg 876 0 71.935 103,042 89 
Netherlands 641 2 49.158 46,750 4,687 
Norway 2,504 2 29.654 82,480 3,692 
Poland 461 5 70.825 11,072 3,423 
Portugal 1,715 3 68.754 20,998 15,296 
Romania 568 10 78.364 7,703 3,071 
Slovakia 760 4 83.665 13,891 387 
Slovenia 1,299 3 85.710 23,379 310 
Spain 1,286 3 70.813 32,017 40,157 
Sweden 7,132 1 34.143 49,662 38,658 
Switzerland 616 1 77.355 56,207 1,027 
United Kingdom 315 1 34.730 45,442 6,596 

 
To analyze the relationships between indicators from each of the three layers considered (i.e., 
biodiversity, ecosystem services values and socio-economic characteristics) we selected different 
combinations of indicators and used two different approaches to clearly visualize the relationships 
between them across Europe.  
 
First, using a GIS software we combined the indicators from the three layers in a mosaic map of 
Europe in which the color of each country represents a different combination of the indicators. To 
create the map we attribute to each indicator a band of color (green for biodiversity, red for 
ecosystem services values, blue for socio-economic indicators) and an intensity of color which 
changes from country to country reflecting the local value of the indicator. The intensity of the 
color ranges from 0 in the country with the lowest value to 255 in the country with the highest 
value. For instance, Bulgaria and Luxembourg have, respectively, the lowest and highest GDP 
per capita among the considered countries. Since the color blue is attributed to the socio-
economic indicator, the intensity of blue in Bulgaria and Luxembourg will be respectively 0 and 
255.  
 
As a second approach to the visualization of the data, we produced radar charts for selected 
countries, in which each of the three axes represents one indicator.  
 
A number of possible combinations of the different indicators can be investigated. In the following 
Figures, two ways of combining various indicators are demonstrated. Figures 2.16-17 combine 
the value of ecosystem services per capita, the biodiversity index and the GDP per capita at 
country level in Europe. Figures 2.18-19 illustrate the combination of the total value of ecosystem 
services as percentage of GDP, the biodiversity index, and the added value of agriculture as 
percentage of GDP. 
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Figure 2.16. Mapping ecosystem services value, biodiversity index and GDP per capita.  
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Figure 2.17  Radar chart of ecosystem services value, biodiversity index and GDP per capita for 
selected countries 
 
The results show some interesting insights to the relationships between biodiversity, ecosystem 
benefits and human livelihoods. First, high values of culture services are found in the 
Mediterranean Europe (e.g. Italy, Spain, and France) for both coastal and forest ecosystems, 
both of which have also shown high values of biodiversity index. Second, in many of the eastern 
European countries, such as Poland, Romania and Czech republic, which are associated with low 
incomes but high value of biodiversity index, the values of ecosystem services are found very 
high, meaning that ecosystem service value may have an essential role in contributing to the local 
livelihoods in these countries. However exceptions are observed in Scandinavian countries, in 
particular Sweden and Finland, where both high values are found in terms of ecosystem service 
value per hectare and GDP per capita. This result may demonstrate that these two countries’ 
economies largely depend on the ecosystem services, such as forest products, due to the large 
sizes of forest area for timber production and exportation.  
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Figure 2.18 Mapping the weighed ES values over GDP, biodiversity index and added value of 
agriculture 
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Figure 2.19. Radar chart of weighed ES values over GDP, biodiversity index and added value of 
agriculture  
 
 
Figure 2.18-19 show that Eastern European countries, in particular Bulgaria, Croatia and 
Romania score high in all three indicators. This means these three countries are rich in the 
biodiversity resources, which also contribute substantially to the national economy. In other 
words, we may state that these countries’ economies tend to have strong dependency on their 
ecosystem services. Similar findings are also hold for the three Baltic countries, i.e. Estonia, 
Latvia and Lithuania. As for the Northern Europe, several countries, e.g. Denmark, Ireland, UK 
and Norway score low for all three indicators. Note that ES value over GDP is measured in 
relative term, thus the absolute ES value can be still higher than the eastern European countries. 
However these relative low values reflect the fact that these countries’ economies are established 
on more value added industries rather than ecosystem dependent economic sectors. Moreover, it 
is interesting to notice that some other countries have high biodiversity index but low ecosystem 
services values compared to the GDP. For instance, in the case of Switzerland and Luxembourg, 
it is most likely a result of the very high GDP per capita in these countries. As For other countries 
such as France and Spain we could argue that this might be due to the fact that provisioning 
services (for instance provided by forests) are relatively low (in terms of % of GDP). Despite the 
higher cultural values, the percentage of ecosystem services values over the GDP remains 
relatively low. 
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