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442 Earth Observation of Ecosystem Services

20.1  The Need for a Multidimensional and Interdisciplinary 
Framework for Ecosystem Services Assessment

Sustainability science, or the science that focuses on human–nature 
 relationships (MA 2005; Perrings 2007; Perrings et al. 2011), is increasing in 
research forums particularly through the application of the ecosystem service 
concept in environmental conservation and management (Seppelt et al. 2011; 
Burkhard et al. 2012a). Over the past two decades, the ecosystem service con-
cept has gained importance among scientists, managers, and policy-makers 
worldwide as a way to communicate societal dependence on ecological life 
support systems integrating both the natural and social science perspectives 
(Bastian et al. 2012). Many international initiatives, such as the Millennium 
Ecosystem Assessment (MA), The Economics of Ecosystems and Biodiversity 
(TEEB), and the Intergovernmental Platform on Biodiversity and Ecosystem 
Services (IPBES) (Carpenter et  al. 2009; de Groot et  al. 2010; Seppelt et  al. 
2011; Burkhard et  al. 2012a), have developed interdisciplinary frameworks 
to tackle the different value dimensions in which ecosystems benefit society 
and, therefore, make the ecosystem  service concept operational.

Despite the progress that has been made, many challenges still remain to 
integrate the ecosystem service concept into an operational framework (de 
Groot et al. 2010). Seppelt et al. (2011) recently reviewed the ecosystem service 
field to provide guidance that enhances the applications of the concept and 
the credibility of results. Despite the increasing number of publications that 
present innovative ideas and complementary insights from various perspec-
tives, there is growing uncertainty with respect to the appropriate methodol-
ogies and techniques used that limits the comparability and the applicability 
of the studies (Seppelt et al. 2012). Therefore, one of the major challenges to 
address is developing a comprehensive framework that integrates the multi-
dimensional value of ecosystem  services (i.e., biophysical, sociocultural, and 
economic) (Lamarque et al. 2011; Chan et al. 2012).

Many authors have noted the importance of identifying the ecosystem’s 
capacity to provide services (supply side) and their social demand (demand 
side), highlighting that the status of an ecosystem service is influenced not 
only by the ecosystem’s properties but also by societal needs (Paetzold 
et al. 2010; Syrbe and Walz 2012; Burkhard et al. 2012b). On the supply side, 
 ecosystems and biodiversity are experiencing serious degradation with 
regard to their capacity to supply services. At the same time, the demand 
for certain ecosystem services is rapidly increasing as populations and stan-
dards of living increase (Liu et al. 2010). Burkhard et al. (2012a) defined the 
supply side as the capacity of a particular area to provide a specific bundle 
of ecosystem services within a given time period, and the demand side as 
the sum of all ecosystem services currently consumed, used, or valued in a 
particular area over a given time period.
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443Multidimensional Approaches in Ecosystem Services Assessment

In this sense, remote sensing methodologies and techniques have been 
mostly used in the past two decades for quantifying and mapping the 
 supply side of ecosystem services, in particular quantifying and map pro-
visioning (e.g., timber or food production) and regulating services (e.g., air 
quality, climate, extreme events, waste treatment, erosion, and soil  fertility) 
(Ayanu et al. 2012). Remotely sensed information has been used most often 
as a proxy for biophysical variables (e.g., biomass; see Chapter 5) that in turn 
are used as proxies for a particular ecosystem service (e.g., carbon storage). 
Ayanu et al. (2012) recently provided a revision of relevant remote sensing 
systems, sensors, and methods applicable in quantifying the  supplies and 
demands of provisioning and regulating services. Their results showed that 
the quantification of services through Earth observation techniques used 
either regression models (by linking remotely sensed information to a lim-
ited number of in situ observations) or land use/land cover  classifications 
(see Chapter 10) that are subsequently linked to ecosystem services.

Here, we present a conceptual framework for ecosystem service assess-
ment  (Figure  20.1) that links the service-providing units (SPUs) and the 
ecosystem service beneficiaries (ESBs) concepts and how they could be 

Ecosystem services
assessment

Ecosystem services beneficiariesServices-providing units

Biophysical dimension

Supply side Demand side

Sociocultural dimension Economic dimension

Mapping and modeling
ecosystem services provision
Functional groups
identification

Stakeholders identification

Deliberative and participatory
methods
Mapping sociocultural demand

Consultative methods (importance
ranking of ecosystem services,
discursive methods)

Market methods
Revealed preferences
Stated preferences
Deliberative monetary valuation
Mapping and economic value

FIGURE 20.1
Conceptual framework showing the links among services-providing units and ecosystem ser-
vices beneficiaries and how they could be explored through the different dimensions in the 
ecosystem services assessment.
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444 Earth Observation of Ecosystem Services

explored from both the supply side and demand side, considering the 
 multidimensional nature of ecosystem service assessment. Within this 
framework, we explore which remote sensing methods and techniques are 
currently available for the assessment of both the supply and the demand 
side of ecosystem service.

20.2 The Supply Side of Ecosystem Services

20.2.1 Service-Providing Units

Several concepts have been developed to operationalize the specific 
 contributions of ecosystems to the delivery of ecosystem services. One of 
them is the SPU concept, developed as a method to link species popula-
tions with service delivery, primarily at small scales (Luck et al. 2003) but 
extensible to larger scales. The SPU is defined here as the collection of indi-
viduals from a given species and their characteristics necessary to deliver 
an  ecosystem service at the level desired by beneficiaries. This idea was 
further extended to other levels of organization and scales of analysis. In 
fact, Luck et al. (2009) suggested the use of social–ecological landscape units 
as service providers where the capacity of landscapes to provide services 
would be related to their structural, functional, and social attributes within 
a  socioecological context. There is growing consensus that, among all bio-
diversity components, it is the functional diversity of the component that 
mostly ensures the delivery of ecosystem services, particularly regulating 
services (Díaz et al. 2006; Cardinale et al. 2012; Alcaraz et al. 2013).

Remote sensing may provide useful tools for understanding the SPU 
concept and its application into regional and global assessments of eco-
system services. Spectral information may help to map land units that are 
homogeneous in terms of the ecosystem services that they provide. This 
could be the case with the ecosystem functional types (EFTs) approach. As 
plant species can be grouped into plant functional types, ecosystems can 
be grouped into EFTs (Paruelo et al. 2001). EFTs represent groups of eco-
systems that share functional characteristics in relation to their exchanges 
of matter and energy between the biota and the physical environment 
(Paruelo et al. 2001; Alcaraz-Segura et al. 2006). In other words, EFTs are 
homogeneous patches of the land that exchange mass and energy with 
the atmosphere in a common way and, therefore, they can be interpreted 
as landscape units with the same capacity to provide ecosystem services 
derived from the ecological process used in their classification (e.g., car-
bon gains). In this sense, further studies exploring the capacity of EFTs to 
deliver ecosystem services could be a major breakthrough for Earth obser-
vation of ecosystem services.
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20.2.2 Biophysical Indicators for Evaluating Ecosystem Services

Several biophysical indicators have been used for assessing ecosystem 
 services. The type of indicator depends on the information available for each 
case study and the amount of resources willing to be used for evaluating 
ecosystem services. Some studies have grouped the most common indicators 
used (Maes et al. 2011; Burkhard et al. 2012b). Table 20.1 presents some of the 
indicators most often used to assess ecosystem service supply, and it indi-
cates some indicators that might be used for ecosystem service demands. We 
also provide studies where remote sensing has been or may be used to derive 
ecosystem service indicators on both the supply and the demand sides.

Due to the urgent need for understanding and mapping the spatial and 
 temporal heterogeneity of ecosystem services, and for maximizing conser-
vation objectives (Polasky et  al. 2008; Nelson et  al. 2009), remote sensing 
can be very useful for obtaining biophysical indicators in the supply side 
of ecosystem service assessment. Approaches from remote sensing can be 
used for ecosystem service mapping by direct or indirect monitoring and in 
combination with ecosystem models (Feng et al. 2010). Ecosystem services 
directly monitored such as habitat for species (see Chapter 3), carbon fixation 
(see Chapter 6), water provision (see Chapter 12), and climate regulation (see 
Chapters 17 and 20) require information on aspects of vegetation and water. 
Indirectly monitored services, such as soil-based services, use surrogate 
information such as soil status or canopy reflectance. Finally, some services 
such as flood regulation or soil erosion can be monitored and implemented 
in ecosystem models through inputs derived from remotely sensed spatial 
explicit data. Table 20.2 shows some remote sensing products linked to eco-
system services (Feng et al. 2010).

20.2.3 Going Spatial: From Early Approaches to Current Toolboxes

Ecosystem services maps seem to be among the most useful approaches 
to integrate the ecosystem service concept into ecosystems management 
(Balvanera et  al. 2001; Daily and Matson 2008). They allow the identifica-
tion of highly valuable areas for conservation (Chan et al. 2006; Naidoo and 
Rickets 2006) or the identification of ecosystem service supply and demand, 
which might help in achieving a sustainable use of ecosystem services (Kroll 
et al. 2012). From the very first ecosystem services maps (Eade and Moran 
1996; Costanza et al. 1997), to the current ecosystem service models or tool-
boxes (e.g., InVEST or ARIES; see Box 20.1), we have witnessed an increase in 
the different methodologies and purposes for mapping ecosystem  services. 
Nowadays, new tools for mapping services have emerged to support land-
scape management (see POLYSCAPE in Box  20.1) (Jackson et  al. 2013). 
Mapping works started focusing on the supply side (Burkhard et al. 2012b), 
but participative methods are being increasingly used to also include the 
demand side (Bryan et al. 2011; Palomo et al. 2012).
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TABLE 20.1

List of Biophysical Indicators and Proxies Used for Evaluating Ecosystem Services Supply and Demand

Ecosystem Services
Biophysical Indicators for the 

Supply Side
Studies from Remote 

Sensing
Social Indicators for the Demand 

Side
Studies from 

Remote Sensing

Provisioning services
Food provision Crop yield production Doraiswamy et al. 

(2003)
Crop yield consumption

Food provision Number of grazing heads Livestock consumed Stephen et al. (2013)

Food provision Fish population sizes Chassot et al. (2010) Number of fish or biomass captured 
or consumed 

Stuart et al. (2006)

Biotic materials Timber stock Clementel et al. (2012) Timber production used 

Water provision Water availability (i.e., 
precipitation minus 
evapotranspiration)

Bahadur (2011) Water consumed

Medicinal resources Number of species from which 
natural medicines have been 
derived

Number of drugs using natural 
compounds

Genetic pool Number of crop varieties and 
livestock breed varieties living in 
a region/surface 

Heller et al. (2012) Number of crop varieties and 
livestock breed variety used in a 
region 

Raw materials Raw materials existing in nature/
surface

Mengzhi (2009) Quantity extracted, used, or bought/
surface/time

Regulating services
Air quality regulation Atmospheric cleaning capacity in 

ton of pollutants removed
Illnesses avoided related to air 
contamination

Water quality 
regulation

Biomass of nutrients removed by 
aquatic ecosystems (i.e., N, P)

Illnesses/avoided related to 
contaminated water or unhealthy 
water consumption

Lobitz et al. (2000)
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Climate regulation Total amount of carbon (or 
methane) sequestered-stored

Myeong et al. (2006) Avoided number of climate refugees, 
people affected by climate change 

Moderation of 
extreme events

Natural elements or number of 
species dampening extreme 
events (flood, storms, avalanches)

Avoided damages caused by flood, 
storms, avalanches

Erosion protection Soil erosion rate, erosion related 
variables (slope, precipitation, 
vegetation cover, etc.)

Vrieling (2006) Mass of soil removed from water 
reservoirs

Pollination Abundance and species richness of 
wild pollinators

Schulp and Alkemade 
(2011)

Benefits for crop production or 
biodiversity maintenance due to 
pollination

Cultural services
Aesthetic enjoyment View shed extent, iconic elements 

views
Users of scenic routes

Recreation and 
tourism

Number of trails or natural areas 
available for tourism

Nichol and Wong 
(2005)

Number of visitors 

Recreation and 
tourism

(recreational hunting) 

Animal population sizes, 
regeneration rate of species

Ropert-Coudert and 
Wilson (2005)

Individuals hunted

Intellectual and 
experiential

(scientific knowledge)

Abundance of landscape features 
or species with scientific value

Mertes (2002) Number of researchers working 
with environmental assets

Source: From de Groot, R. S., et al., Ecological Complexity, 7, 260–272, 2010; Maes, J., et al. A spatial assessment of ecosystem services in Europe: Methods, case 
studies and policy analysis-phase 1, PEER Report No 3, Partnership for European Environmental Research, Ispra, Italy, 2011; and Burkhard, B., et al., 
Ecological Indicators, 21, 17–29, 2012.
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TABLE 20.2 

Ecosystem Services Quantified by Remote Sensing Data

Proxy Ecosystem Services Spectral Index or Techniques
Sensor 
Types References

Carbon storage/
sequestration by different 
land uses/land cover

Climate regulation;
air quality regulation 

Advanced Very High Resolution 
Radiometer (AVHRR) for mapping land 
covers

LANDSAT Konarska et al. (2002)

Animal and plant species 
richness and abundance 

Habitat for species;
biodiversity 
conservation

Normalized Difference Vegetation Index 
(NDVI)—landscape heterogeneity;

Light Detection and Ranging (LiDAR)—
canopy structure

MODIS Gould (2000); Balvanera 
et al. (2006); Carlson et al. 
(2007)

Carbon uptake through 
ecosystem carbon gains

Climate regulation Normalized Difference Vegetation Index 
(NDVI); net primary productivity (NPP);

Enhanced Vegetation Index (EVI); gross 
primary productivity (GPP);

Leaf Area Index (LAI)

MODIS Gianelle and Vescovo 
(2007); Olofsson et al. 
(2008); Gianelle et al. 
(2009)

Water cycle (green and blue 
water)

Hydrological regulation;
erosion protection;
flood control

Normalized Difference Vegetation Index 
(NDVI)—surface parameters;

Leaf Area Index (LAI)—surface 
parameters

SWIM
WEPP
LASCAM
SEB

Krysanova et al. (2007); Liu 
and Li (2008); Minacapilli 
et al. (2009); Williams 
et al. (2010)

Properties of soil types Climate regulation;
soil fertility 

Normalized Difference Vegetation Index 
(NDVI)— proportion of bare soil; 
normalized difference wetness index 
(NDWI)—soil saturation; 

soil color index (SCI)—soil saturation;
LiDAR—soil roughness measurement

LANDSAT
MODIS

Lobell et al. (2009); Kheir 
et al. (2010) 

Note: Table offers most common proxies, spectral index or remotely sensed techniques, sensors types used. SWIM = Soil and Water Integrated Model; 
WEPP = Water Erosion Prediction Project model; LASCAM = Large Scale Catchment Model; SEB = Surface energy balance; LANDSAT = Land-Use 
Satellite (http://landsat.gsfc.nasa.gov); MODIS = Moderate Resolution Imaging Spectroradiometer (http://modis.gsfc.nasa.gov). 
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BOX 20.1 MAIN TOOLBOXES FOR 
ECOSYSTEM SERVICES MAPPING

InVEST: INTEGRATED VALUATION OF 
ENVIRONMENTAL SERVICES AND TRADEOFFS

InVEST is a family of tools designed by the Natural Capital Project that 
allow mapping of ecosystem services. It is designed to inform decisions 
about natural resource management and provides an effective tool for 
evaluating trade-offs among ecosystem services by estimating the 
amount and value of ecosystem services that are provided on the cur-
rent landscape or under future scenarios. InVEST models are spatially 
explicit, using maps as information sources and producing maps as out-
puts. InVEST returns results in either biophysical (e.g., tons of carbon 
stored) or economic terms (e.g., net present value of that sequestered 
carbon). InVEST allows mapping several ecosystem services These are 
(1) lands and waters—biodiversity, carbon, hydropower, water purifica-
tion, reservoir sedimentation, managed timber production, crop pol-
lination; and (2) oceans and coasts—wave energy, coastal vulnerability, 
marine fish aquaculture, aesthetic quality,  overlap analysis (fisheries 
recreation, habitat risk assessment). The different tools run as an exten-
sion of ArcMAP and are available from the Natural Capital Project 
Web site (http://www.naturalcapitalproject.org/InVEST.html). There is 
a forum in which users can communicate and exchange experiences.

LAND USE/LAND COVER: REMOTELY 
SENSING INFORMATION

Land use/land cover has been widely used as a proxy for the quan-
tification and mapping of ecosystem services by assigning ecosystem 
service values to the different land use/cover types. Remote sensing 
provides useful data for land use/land cover classification. The clas-
sification techniques are based on statistical analysis to obtain discrete 
classes, and its accuracy depends on the set training areas. Therefore, 
resulting land use/land cover classification depends on properties of 
the remote sensing data available. Thus, the accuracy of ecosystem 
services quantification depends on the accuracy of the land use/land 
cover classification (Ayanu et al. 2012).

ARIES: ARTIFICIAL INTELLIGENCE 
FOR ECOSYSTEM SERVICES

ARIES is a web-based technology developed by various institutions 
(including the University of Vermont) that allows rapid ecosystem 
service assessment and valuation. It provides an intelligent  modeling 
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Remote sensing provides valuable input data for ecosystem service mod-
els or toolboxes commonly used to simulate ecosystem services. Ecosystem 
service models provide an explicit connection between the ecosystem ser-
vices to be quantified and the remotely sensed parameters. For instance, the 
Integrated Valuation of Environmental Services and Trade-offs (InVEST) 
toolbox quantifies and maps ecosystem services using spatially explicit infor-
mation on land cover, evapotranspiration, precipitation, and topography that 
can be derived from remote sensing data. Box 20.1 provides information on 
the applicability of remote sensing data in characterizing and mapping land 
use and land covers within InVEST.

20.3 The Demand Side of Ecosystem Services

20.3.1 Ecosystem Services Beneficiaries

Currently, the majority of ecosystem service studies do not explicitly include 
the preferences and values of different ESBs (Menzel and Teng 2010; Seppelt 
et al. 2011). However, there is a range of stakeholders with different priorities 

platform capable of composing complex ecosystem services mod-
els from a collection of models specified by the user. It can map the 
locations and quantity of potential provision of ecosystem services 
(sources), their human beneficiaries (users), and any biophysical fea-
tures that can deplete service flows (sinks). Because many models 
written in the ARIES modeling language are based on a probabilistic, 
Bayesian approach, they are able to explicitly convey uncertainty about 
their inputs to their outputs and are capable of operating even in data-
scarce conditions where deterministic models cannot run. In the ver-
sion 1.0 beta release, ecosystem services maps are available for seven 
areas of the world including the following ecosystem services: water 
supply, subsistence fisheries, carbon, flood and sediment regulation, 
coastal protection, aesthetic, and recreation. All information is avail-
able at the project Web site (http://ariesonline.org).

POLYSCAPE: EMERGING NEW TOOLS

POLYSCAPE is a geographic information system (GIS) framework 
designed to explore spatially explicit synergies and trade-offs among 
ecosystem services to support landscape management. POLYSCAPE cur-
rently includes algorithms to explore the impacts of land cover change on 
flood risk, habitat connectivity, erosion and associated sediment delivery 
to receptors, carbon sequestration, and agricultural productivity.
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regarding which ecosystem services are most important for their well-being 
(McMichael et al. 2003; Díaz et al. 2011) and, consequently, they should be 
included in the ecosystem service assessment (Egoh et al. 2007). Detaching 
ecosystem services from their perceived value, as is often currently prac-
ticed, implies that these services can be defined without including the  values 
given by those who benefit from them. This approach is not compatible with 
the ecosystem service definition. Ecosystem services include the direct or 
indirect contributions of ecosystems to human well-being; thus, including 
the importance of human preferences in their assessment is a necessary 
requirement (de Groot et al. 2010; EME 2011).

Recent contributions in Mediterranean protected areas identify three 
 common categories of stakeholders’ profiles that should be included in 
the assessments: tourist population, managers and environmental pro-
fessionals, and local population or residents with different relationships 
with the ecosystem services (Martín-López et al. 2007; Castro et al. 2011; 
García-Llorente et al. 2011a, 2011b). Locals mainly benefit from and enjoy 
provisioning (related to agropecuarian activities) and cultural services 
associated with a sense of place and cultural heritage. Professionals are 
focused on regulating services and those cultural services related to 
knowledge systems and protected areas (i.e., environmental education, sci-
entific knowledge, or nature  tourism). Tourists usually indicate their pref-
erences for cultural services related to recreational activities and aesthetic 
values linked to urban demands of biophilic stimuli. Understanding this 
diversity of views improves the analysis of potential social conflicts and 
the understanding of the ecosystem  service trade-offs. On the one hand, 
the identification and characterization of the different ESBs is a first step to 
their latter engagement in participatory processes for designing or promot-
ing environmental management policies toward a desirable future (Baker 
and Landers 2004; Reed 2008; Palomo et al. 2011). On the other hand, the 
inclusion of different ESBs profiles promotes the combination of  different 
knowledge sources, that is, the experimental (local ecological knowl-
edge) and experiential (technical or scientific  knowledge)  (García-Llorente 
et al. 2011b).

20.3.2 Sociocultural Valuation

The number of studies using the sociocultural perspective in service  valuation 
is very limited, and the techniques used have not been as  formalized as in the 
economic assessments (explained here). However, this approach is increasingly 
gaining attention as a means to value cultural  services, address nonmaterial 
benefits (Chan et al. 2006, 2012), and to reflect a plurality of  service values. The 
sociocultural valuation of ecosystem services includes noneconomic methods 
to analyze human preferences toward ecosystem service demand, use, enjoy-
ment, and value in which moral, ethical, historical, or social aspects play an 
important role. Understanding human preferences, attitudes toward nature, 
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and behavioral intentions requires analysis of  psychological,  historical, and 
ethical factors in addition to economic approaches (Spash et al. 2009).

In sociocultural valuation, we recognize that ecosystems and their biodi-
versity provide services related to non-use values, such as the satisfaction 
of conserving biodiversity, local identity, or local ecological knowledge. The 
same applies when we want to explore the inherent intrinsic value of  species 
and ecosystems, where the utility function used in the economic  dimension 
does not cover all human motivations (Chan et  al. 2006). As Kumar and 
Kumar (2008) stated, there are issues that transcend the domain of the 
 particular logic of economic choices and, therefore, the different dimen-
sions of human well-being, such as social relationships, health, security, and 
freedom of choice and action (MA 2003). These cannot be addressed using 
 economic techniques (Wegner and Pascual 2011).

The particular sociocultural values attached to biodiversity and ecosystem 
services can be explored using qualitative and quantitative techniques that 
involve direct and indirect consultative methods. Direct consultative methods 
include techniques that explore individual perceptions and collective prefer-
ence methods. On the one hand, techniques analyzing individual perceptions 
of ecosystem service importance or use, apply ranking or rating of preferred 
ecosystem services through surveys and the use of scales (e.g., Likert scales). 
In the ranking technique, the respondents usually decide the most impor-
tant ecosystem services from a panel of existing services in a given ecosystem 
(e.g., Castro et al. 2011). In the rating technique, respondents rate each service 
independently (Agbenyega et  al. 2009), often using some kind of visual aid 
(Calvet-Mir et al. 2012). On the other hand, collective preferences, such as dis-
course-based analysis (Wilson and Howarth 2002), are based on the assump-
tion that the valuation of public goods (e.g., most ecosystem services) should 
result from a process of free and open public debate incorporating social equity 
issues and not from the aggregation of individual perceptions. In this set of 
 techniques, a  small group of individuals (usually more than 2 but no more 
than 20) debates and reaches a consensus-based value of ecosystem services.

In indirect consultative methods, respondents are asked to name notions 
or terms to describe a particular ecosystem; later, the researcher associates 
these notions with the defined ecosystem service types (e.g., Quetier et al. 
2010). In addition, those expressed views could be complemented with the 
views, ideas, and language included explicitly in communication media 
(books, articles, laws, conservation programs, webs, etc.). This could be done 
using content analysis techniques—suitable tools to assess ESB views and 
values attached to biodiversity and ecosystem service importance (Xenarios 
and Tziritis 2007; Webb and Raffaelli 2008). Q-methodology is also a promis-
ing way to identify ecosystem service values. This technique is focused on 
how ESBs understand and feel about environmental issues (Sandbrook et al. 
2011), with the possibility of exploring ecosystem  service priorities and trade-
offs depending on the ESBs profile. Other indirect approaches would consist 
of the use of social preferences toward landscapes, considering  landscape 
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453Multidimensional Approaches in Ecosystem Services Assessment

as a representation of the capacity of ecosystems to provide ecosystem ser-
vices to society, and a posteriori identification of ecosystem services using the 
Delphi method (e.g., García-Llorente et al. 2012).

20.3.3 Economic Valuation

In the past decades, the economic dimension has gained the highest 
 importance in both the academic and the political arenas (Gómez-Baggethun 
et al. 2010). One of the first steps toward its mainstream occurred in the 1990s 
with the publications of de Groot (1992), Daily (1997), or the research con-
ducted by Costanza et al. (1997) in which 17 ecosystem services for 16 biomes 
in the world were valued with an average estimation of US$33 trillion per 
year. (Meanwhile, the global gross national product total was around US$18 
trillion per year.) Consequently, nature “production” was estimated to be 
1.8 times more than the human “production.” Since then, the predominance 
of ecosystem service economics could be seen by the rise in the number of 
scientific articles (e.g., Loomis et al. 2000; Kontogianni et al. 2010), and by 
different global projects such as TEEB, which quantifies the cost of biodiver-
sity loss and ecosystem service degradation at an international scale (TEEB 
2010). This approach has been broadly applied to value the ecosystem ser-
vices provided by different ecosystems such as forests (e.g., Croitoru 2007; 
Zandersen and Tol 2009), wetlands (e.g., Woodward and Wui 2001; Brander 
et al. 2006), marine ecosystems (e.g., Turpie et al. 2003; Ressurreição et al. 
2011), or by species (Losey and Vaughan 2006; García-Llorente et al. 2011b).

Some of the principal explanations for the predominance of this dimen-
sion are given next. First, considering that biodiversity continues to decline 
(Burkhard et al. 2012b), there is a call to look for the instrumental  arguments 
to support biodiversity conservation in addition to acknowledging its 
intrinsic value, a vision traditionally supported by conservationists. It is 
argued  that as far as intrinsic values are not measurable, they tend to be 
ignored in the decision making (Bateman et  al. 2002). Following this line 
of  argument, there is currently a growing enthusiasm for the challenge of 
giving visibility to the  ecosystem services provided by biodiversity that 
are invisible to the markets (positive externalities) because of their lack of 
price (but not value). This is the case for a large number of regulating ser-
vices (e.g.,  pollination, erosion control, or water regulation) and cultural ser-
vices (e.g., aesthetic values, local ecological knowledge, or the satisfaction 
of conserving species) (Rodríguez et al. 2005; Gee and Burkhard 2010; Vejre 
et  al. 2010).  Policy-makers are particularly sensitive to the cost of actions, 
and a majority of land use policies are based on economic studies using a 
cost–benefit analysis that measures the benefits and costs of a policy mea-
sure (Balmford et al. 2011). This argument is based on the idea that the more 
complete the information in  economic terms is regarding the contribution of 
ecosystems and biodiversity to human well-being, the higher the decision-
making success (de Groot 2006). The economics of ecosystem services has 

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



454 Earth Observation of Ecosystem Services

proven helpful in demonstrating the importance of those ecosystem services 
without market price, such as (for example) the contribution of pest control 
and pollination to agricultural production (Gallai et al. 2009) to set priorities 
between conservation strategies (Martín-López et al. 2007; García-Llorente 
et al. 2011b), or to analyze the trade-offs or synergies between different bio-
diversity and ecosystem management options.

Several case studies around the world have demonstrated the importance 
of maintaining different natural ecosystems not only for their  ecological 
value but also in economic terms, instead of converting them into inten-
sive uses. This has been the case with studies showing the importance 
of the tropical forests in Cameroon or the wetland ecosystems in Canada 
(Balmford et al. 2002), the economic importance of sustainable management 
in wetlands (Birol et al. 2006), coral reef management strategies (Hicks et al. 
2009), or the ecosystem services provided by Mediterranean protected areas 
 (Martín-López et  al. 2011). In this sense, considering the context of global 
change and the mainstream economic thinking, the economic valuation of 
ecosystem services has created a pragmatic and common language between 
scientists and policy-makers, and a forum of discussion around the idea 
of how to make explicit the human dependence on ecosystems and their 
biodiversity.

Within environmental economics, ecosystem services are considered as 
positive externalities that could be measured through the total economic 
value (TEV) framework. Different service categories have different types of 
values attached to them that could be aggregated and isolated for analysis 
(Pearce and Turner 1990). The TEV is composed of use and non-use values 
(Figure 20.2). Use values are related to the direct or indirect contributions 
we receive from ecosystems; non-use values are related to moral or ethical 
considerations of maintaining biodiversity and its ecosystem services inde-
pendent of their use values. At the same time, use values are composed of 
direct use values, indirect use values, and option values. Direct use values 
usually have an expression in markets and result from the direct human 
use of ecosystems and their biodiversity, no matter if this is consumptive 
or extractive (e.g., timber or freshwater) or nonconsumptive or nonextrac-
tive (e.g., nature tourism). Meanwhile, indirect use values are generally not 
reflected in conventional markets and are derived from ecological processes 
and regulating services (e.g., water purification by aquatic plants or the role 
of mangrove ecosystems in erosion control or erosion mitigation). Finally, the 
option value is related to the importance of maintaining a flow of ecosystem 
services in the future and by definition is associated with any ecosystem 
 service  category. Non-use values could be split into existence values related 
to the satisfaction of conserving ecosystems and their biodiversity even 
though we will not enjoy or use them; that is, which ones represent a cultural 
service or philanthropic values related with the satisfaction of knowing that 
future generations will have access to ecosystem services (bequest value), 
and the satisfaction of knowing that other people have access to ecosystem 
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455Multidimensional Approaches in Ecosystem Services Assessment

services (altruist value). Thus, the option value, and bequest and altruist 
 values could be related to all ecosystem services categories (see Bateman 
et al. 2002; Martín-López et al. 2009; TEEB 2010 for more detail).

In order to assess each value type, a number of different approaches have 
been designed within environmental economics. These approaches could 
be classified into three main categories: direct markets, revealed prefer-
ences, and stated preferences. The challenge now is to know which valuation 
method can best fit different biodiversity value types and their ecosystem 
services with attention to the context and the particular policy purpose 
(de Groot et al. 2010). In a review of previous works, we provide some guide-
lines about how to decide which valuation methods are best suited for mea-
suring different valuation types and service categories.

Direct markets use price as a reflection of value and then use data from 
actual markets to estimate direct use values. These include: (1) market 
prices used for those provisioning services sold in markets such as the com-
modities obtained from agriculture or from forest services (such as timber 
or nontimber forest products); Production function (2) is used to estimate 
how much a particular ecosystem service that does not have a market price 
contributes to the delivery of another service that is sold in markets (e.g., 
the contribution of pollination in apiculture or agricultural production); 
and (3) the cost approach estimates the expense that would be incurred if 

Total economic value

Use value Non-use value

Philanthropic
value

Bequest value
Provisioning ES
Regulating ES
Cultural ES

Cultural ES

Provisioning ES
Regulating ES
Cultural ES

Provisioning ES
(e.g., food from
agriculture,
livestock,
apiculture, timber)

(e.g., nature tourism,
environmental
education)

Regulating ES
(e.g., pollination, erosion protection)

Provisioning ES
Regulating ES
Cultural ES

Cultural ES
(e.g.,
satisfaction of
knowing that
species or
ecosystems
exist)

Altruist
value

Existence
value

Actual value

Direct use

Extractive Nonextractive

Indirect use

Option value

FIGURE 20.2
Representation of the total economic value, its value types, and the ecosystem services 
 categories related to them. ES = ecosystem service.
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456 Earth Observation of Ecosystem Services

ecosystem service contributions needed to recreated through artificial mar-
kets using the estimation of avoided cost or replacement cost (TEEB 2010). 
Both production function and cost approaches are usually used to esti-
mate indirectly the value of regulating services (e.g., how much wetland is 
saved by providing protection to the coastline against storms and floods) 
(Figure 20.3).

Revealed preferences estimate the value of a given service without market 
price through the observation of substitute markets related to the service. 
The two main techniques are: (1) travel cost (used to estimate recreational 
services such as nature tourism in a given natural area), which is based 
on the idea that the cost to arrive to the particular area should be at least 
equal to the utility obtained (e.g., Shrestha et al. 2002; Martín-López et al. 
2009); and (2) hedonic pricing—where a market commodity, usually a prop-
erty, is described in terms of several attributes including an environmental 
one (e.g., size, neighborhood, but also the possibility to see an aesthetically 
pleasant landscape from the window). Then, estimating a demand function 
for the property, we could infer the value of a change in the environmen-
tal attribute (e.g., with landscape views or without them) (e.g., Lansford 
and Jones 1995; Geoghegan et al. 1997). Travel cost and hedonic pricing are 
mainly used to estimate the indirect use value of cultural services related 
to recreational activities (e.g., nature tourism, recreational fishing, recre-
ational hunting, and landscape aesthetic values). However, hedonic pricing 

Ecosystems

Biodiversity

Natural
capital

Ecosystem
services

Ecosystem
value

Predominant
valuation
methods

Provisioning

Direct use
(consumptive)

Market valuation Market valuation

(Market price, production
function)

(avoided cost,
replacement cost)

Stated preferences Stated preferences

Revealed preferences
(hedonic pricing)

Revealed 
preferences

Stated 
preferences

Stated 
preferences

Direct use
(nonconsumptive)

Existense
(non-use)Indirect use

Regulating Cultural

FIGURE 20.3
Graphical representation of the natural capital, the ecosystem services categories delivered, 
the economic values related to them, and the most commonly used evaluation methods for 
measuring them.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



457Multidimensional Approaches in Ecosystem Services Assessment

could be also used to value some regulating services—for example, to 
 estimate the implicit price for air quality service in the price of a property 
(Figure 20.3).

Finally, stated preference techniques use surveys to create hypotheti-
cal markets using to calculate the value of ecosystem services related with 
both use and non-use values and that could be applied to all ecosystem 
service categories (Figure  20.3). The three main methods are: (1) the con-
tingent  valuation method that elicits public preferences by directly asking 
people how much they would be willing to pay (or accept) for a change in 
the quantity or quality of a given ecosystem service in a hypothetical mar-
ket (Mitchell and Carson 1989). This technique has been one of the most 
widely used (e.g.,  Jorgensen et al. 2001; Gürlük 2006; García-Llorente et al. 
2011a); (2) choice modeling or conjoint analysis (with the different possibili-
ties of choice experiments, choice ranking, and choice rating) elicits public 
preferences by asking respondents to choose their preferred option from 
a series of alternatives of choice sets, each described in terms of different 
attributes and levels related to the ecosystem services or different environ-
mental plans (e.g.,  Hanley et  al. 2003; Westerberg et  al. 2010; Zander and 
Straton 2010); (3) finally, deliberative monetary methods constitute a hybrid 
method in which stated preferences techniques are applied in small groups 
in order to facilitate a participation process (e.g., Zografos and Howarth 2008; 
Kenter et al. 2011). For an overview of the different valuation techniques, see 
Bateman et al. (2002), Chee (2004), TEEB (2010), and Turner et al. (2010).

All of these valuation methods present advantages and disadvantages 
related to information and methodological misspecification, strategic 
responses, equity problems, unfamiliarity, or sequencing effects, which still 
need to be improved (Carson et al. 2001; Barkmann et al. 2008; Schläpfer 2008; 
Turner et al. 2010). However, some of these shortcomings are also related to 
the inherent limitations of the economic framework itself. Based on neoclas-
sical economics, these techniques assume a utilitarian framework in which 
individuals in a society are assumed to have rational preferences and try 
to maximize their profit, advantage, or benefit, and that social interest is 
an aggregation of individual interests (Dequech 2007; García-Llorente et al. 
2011a). Furthermore, the valuation of biodiversity and its ecosystem services 
differs from the valuation of other goods because of the influence of moral, 
ethical, or psychological motivations (Hanley and Milne 1996). These values 
cannot and should not be fully translated into economic terms and have to be 
complemented or approached using other tools such as sociocultural analy-
sis (TEEB 2010). However, thinking in terms of ecological values, economic 
valuation dominance implies a risk of being a complexity blinder, hiding the 
importance of ecosystem processes in the provision of ecosystem services 
(Norgaard 2010; Sagoff 2011) and having a counterproductive effect on the 
problem being addressed by favoring the creation of markets that commod-
itize certain ecosystem services (Gómez-Baggethun and Ruiz-Pérez  2011). 
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458 Earth Observation of Ecosystem Services

Again, this leads to the necessity of combining or using alternatives to eco-
nomic valuations with social and biophysical ones.

20.4  Discussion and Future Steps: Toward Hybrid 
Methodologies and New Concepts

Recent developments in the field include hybrid methodologies that com-
bine nonmonetary and monetary methods or multidimensional methods. 
One of them is the application of mapping tools in the exercises. On the one 
hand, this could improve the design and description of multiple economic 
exercises (Troy and Wilson 2006; Balmford et  al. 2011). This is the case of 
hedonic pricing, travel cost, or choice modeling (e.g., Geoghegan et al. 1997; 
Brouwer et al. 2010), where GISs permit integration of environmental data 
and of ecological complexity in the economic exercise. In addition, mapping 
tools permit us to analyze an ecosystem for the provision of ecosystem ser-
vices in a sustainable way having also taken into account the social value 
and demand of those services (Sherrouse et al. 2011; Kroll et al. 2012). The 
resultant maps provide easily interpretable information that facilitates the 
analysis of different management options that obtain spatially explicit eco-
nomic data (Bateman and Jones 2003; Goldstein et al. 2012).

Other examples within the realm of stated preference methods would 
include the choice modeling without including the monetary or cost attri-
bute (Sayadi et al. 2005) or looking for other options in the payment vehicle 
that are expressed in terms of willingness to give up time to labors related 
to biodiversity conservation or to ecosystem service maintenance instead of 
a conventional willingness to pay (Higuera et al. 2013). This option has been 
supported by the different ESB profiles; in this way, we avoid the equity 
problem and also we avoid the assignation of monetary value to things 
that are considered to be incommensurate with economic values (García-
Llorente et  al. 2011a). As Cowling et  al. (2008) stated “because money is 
the most commonly used interchangeable commodity, valuation in mon-
etary terms may send the message that a service is more easily replaced 
by human-manufactured providers than it actually is” (p. 9485). Therefore, 
the analysis of human values of ecosystem services should be tackled from 
both the economic (combining monetary and nonmonetary methods) and 
sociocultural perspectives.

The spatially explicit mapping of ecosystem services available in current 
toolboxes (e.g., InVEST or ARIES) is based on intensive data requirements, 
which restricts their application to local scales due to the high costs of sur-
veying the data (Ayanu et al. 2012). In contrast, remote sensing provides data 
for quantifying and mapping ecosystem services at comparatively low costs, 
and it offers the possibility of frequent and standardized observations for 
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459Multidimensional Approaches in Ecosystem Services Assessment

monitoring (e.g., quantification and mapping of carbon storage at regional 
or global scales). Currently, most of the lack of knowledge in ecosystem 
 services science relates to quantification and mapping in a spatially explicit 
way. Hence, remote sensing has the potential to address the basic issues of 
spatial quantification of ecosystem services. Most of such potential is related 
to provisioning and regulating ecosystem services such as carbon storage or 
sequestration (Konarska et al. 2002) or erosion protection (Krysanova et al. 
2007). Nowadays, though, the sociocultural and economic dimensions of 
 ecosystem services assessments may also make use of remote sensing prod-
ucts that offer a cost-effective technique for collecting spatial information 
about services delivered. We only found one study—by Lobitz et al. (2000)—
that used remotely sensed indicators of the supply and demand sides to indi-
rectly measure the effects of an infectious disease.

Furthermore, advances in the field have introduced new concepts such as 
service benefiting areas (referring to the demand of ecosystem services from 
certain areas) and service connecting areas (referring to the areas that link eco-
system service supply and demand) (Syrbe and Walz 2012). In this sense, the 
spatially and explicit quantification of SPUs and service benefiting areas and 
the importance of linking service providers with ESBs can be considered as 
opportunities to develop better valuation scenarios for biodiversity conser-
vation (Luck et al. 2003, 2009) and to promote stronger and well-informed 
valuation applications.

20.5 Conclusions

The assessment of ecosystem services has gained increasing importance 
among scientists worldwide including the natural, the social, and the 
economic science perspectives. However, despite the academic progress, 
many challenges remain to integrate the ecosystem service concept into 
an operational framework that can be useful for decision making. This 
chapter presents a review of the current status of assessment of ecosys-
tem services based on the interdisciplinary nature of the methodologies 
and techniques used today. In particular, we pay attention to the multi-
dimensional nature of ecosystem services (i.e., biophysical, sociocultural, 
and economic), and we assess them from the supply side as well as the 
demand side.

Regarding ecosystem service mapping, we provided a list that included 
some of the common indicators for assessment ecosystem service sup-
ply (e.g., precipitation minus evapotranspiration for freshwater provi-
sion), and we noted some that might be used to assess ecosystem service 
demand (e.g., water consumed per surface and time). We also described 
the main existing toolboxes for mapping ecosystem services (e.g., for 
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example the InVEST toolbox designed by the Natural Capital Project). We 
also  identified the most common indicators derived from remote sensing 
for services mapping from local to global scale, such as the NDVI index for 
the quantification of the net primary productivity at multitemporal and 
spatial scales.

The use of remote sensing data has been mostly utilized for the quantifica-
tion and mapping of the supply side of provisioning and regulating  ecosystem 
services. Usually, these studies simply characterize the  ecological process, 
such as net primary productivity, without linking it with the potential ben-
efits associated with it, such as food production or climate  regulation. Our 
study reveals the necessity for using a standardized nomenclature of ecosys-
tem services that not only focuses on the ecological process or  function but 
also on the subsequent ecosystem services that the general public perceives 
as beneficial. Our study also shows that there is still a lack of use of remote 
sensing data for the assessment of the demand side of ecosystem services. 
This is probably due to the difficulty in tracking sociocultural aspects, such 
as social preferences or perceptions, from remotely sensed data. Therefore, 
further research is needed to provide guidelines that assist in linking remote 
sensing information with the quantification and mapping of ecosystem ser-
vices from the supply side with the benefits that society perceives (i.e., the 
demand side).

Despite the limited number of studies using sociocultural valuation, 
we described some procedures, including using nonmonetary methods 
to  analyze human preferences. We analyzed some of the reasons why the 
 economic dimension has gained the highest importance in the academic and 
the political arenas, and we provided some guidelines within the TEV frame-
work about how to decide which valuation method is better for measuring 
different value types and service categories. In conclusion, we recommend 
the inclusion of ecosystem service maps evaluated from the biophysical, the 
sociocultural, and the economic perspectives by combining monetary and 
nonmonetary methods.

Acknowledgments

The authors thank the three anonymous reviewers for their useful 
 comments.  Funding for this project was supported by a grant from the 
Andalusian Government Department of Environment (GLOCHARID 
Project) and by the Biodiversity Foundation through the Spanish 
Millennium Ecosystem Assessment project (http://www.ecomilenio.
es/). Support for Antonio J. Castro is also acknowledged from the Centro 
Andaluz para la Evaluación y Seguimiento del Cambio Global (CAESCG). 
Support for M. García-Llorente BESAFE Project (Biodiversity and Ecosystem 

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 

http://www.ecomilenio.es
http://www.ecomilenio.es


461Multidimensional Approaches in Ecosystem Services Assessment

Services:  Arguments for our Future Environment; www.besafe-project.
net) funded under the Seventh Framework Programme of the European 
Commission (Contract No. 282743).

References

Agbenyega, O., P. J. Burgess, M. Cook, and J. Morris. 2009. Application of an  ecosystem 
function framework to perceptions of community woodlands. Land Use Policy 
26:551–557.

Alcaraz-Segura, D., J. M. Paruelo, and J. Cabello. 2006. Identification of current eco-
system functional types in the Iberian Peninsula. Global Ecology and Biogeography 
15:200–212.

Alcaraz-Segura, D., J. M. Paruelo, H. E. Epstein, and J. Cabello. 2013. Environmental 
and human controls of ecosystem functional diversity in temperate South 
America. Remote Sensing 5:127–154.

Ayanu, Y. Z., C. Conrad, T. Nauss, et  al. 2012. Quantifying and mapping ecosys-
tem services supplies and demands: A review of remote sensing applications. 
Environmental Science and Technology 46:8529–8541.

Bahadur, K. C. 2011. Assessing strategic water availability using remote sensing, GIS 
and a spatial water budget model: Case study of the Upper Ing Basin, Thailand. 
Hydrological Sciences Journal 56:994–1014.

Baker, J. P., and D. H. Landers. 2004. Alternative-futures analysis for the Willamette 
River Basin, Oregon. Ecological Application 14:311–312.

Balmford, A., J. Birch, R. Bradbury, et  al. 2011. Measuring and monitoring ecosystem 
services at the site scale. Cambridge, UK: Cambridge Conservation Initiative and 
BirdLife International.

Balmford, A., A. Bruner, P. Cooper, et al. 2002. Economic reasons for conserving wild 
nature. Science 297:950–953.

Balvanera, P., G. C. Daily, P. R. Ehrlich, et al. 2001. Conserving biodiversity and eco-
system services. Science 291:2047.

Balvanera, P., A. B. Pfisterer, N. Buchmann, et  al. 2006. Quantifying the evidence 
for biodiversity effects on ecosystem functioning and services. Ecology Letters 
9:1146–1156.

Barkmann, J., K. Glenk, A. Keil, et al. 2008. Confronting unfamiliarity with ecosys-
tem functions: The case for an ecosystem service approach to environmental 
 valuation with stated preference methods. Ecological Economics 65:48–62.

Bastian, O., D. Haase, and K. Grunewald. 2012. Ecosystem properties, potentials and 
services—The EPPS conceptual framework and an urban application example. 
Ecological Indicators 21:7–16.

Bateman, I. J., and A. P. Jones. 2003. Contrasting conventional with multi-level model-
ling approaches to meta-analysis: An illustration using UK woodland recreation 
values. Land Economics 2:235–258.

Bateman, I. J., A. P. Jones, A. A. Lovett, I. Lake, and B. H. Day. 2002. Applying 
 geographical information systems (GIS) to environmental and resource eco-
nomics. Environmental and Resource Economics 1–2:219–269.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 

www.besafe-project.net
www.besafe-project.net


462 Earth Observation of Ecosystem Services

Birol, E., K. Karousakis, and P. Koundouri. 2006. Using economic methods to inform 
water resource management policies: A survey and critical appraisal of  available 
methods and an application. Science of the Total Environment 365:105–122.

Brander, L., R. Florax, and J. E. Vermaat. 2006. The empirics of wetland valuation: 
A comprehensive summary and a meta-analysis of the literature. Environmental 
and Resource Economics 33:223–250.

Brouwer, R., T. Dekker, J. Rolfe, and J. Windle. 2010. Choice certainty and consistency 
in repeated choice experiments. Environmental and Resource Economics 46:93–109.

Bryan, B. A., C. M. Raymond, N. D. Crossman, and D. King. 2011. Comparing spa-
tially explicit ecological and social values for natural areas to identify effective 
conservation strategies. Conservation Biology 25:172–181.

Burkhard, B., R. de Groot, R. Costanza, R. Seppelt, S. E. Jorgensen, and M. Potschin. 
2012b. Solutions for sustaining natural capital and ecosystem services. Ecological 
Indicators 21:1–6.

Burkhard, B., F. Kroll, S. Nedkov, and F. Müller. 2012a. Mapping ecosystem service 
supply, demand and budgets. Ecological Indicators 21:17–29.

Calvet-Mir, L., E. Gómez-Baggethun, and V. Reyes-García. 2012. Beyond food produc-
tion: Ecosystem services provided by home gardens. A case study in Vall Fosca, 
Catalan Pyrenees, northeastern Spain. Ecological Economics 74:153–160.

Cardinale, B. J., J. E. Duffy, A. Gonzalez, et al. 2012. Biodiversity loss and its impact on 
humanity. Nature 486:59–67.

Carlson, K. M., G. P. Asner, R. F. Hughes, et al. 2007. Hyperspectral remote sensing 
of canopy biodiversity in Hawaiian lowland rainforests. Ecosystems 4:536–549.

Carpenter, S. R., H. A. Mooney, J. Agard, et al. 2009. Science for managing ecosys-
tem services? Beyond the Millennium Ecosystem Assessment. Proceedings of the 
National Academy of Sciences of the United States of America 106:1305–1312.

Carson, D., A. Gilmore, C. Perry, and K. Gronhaug. 2001. Qualitative marketing research. 
London: Sage.

Castro, A. J., B. Martín-López, D. García-Llorente, P. A. Aguilera, E. López, and 
J.  Cabello. 2011. Social preferences regarding the delivery of ecosystem 
services in a semiarid Mediterranean region. Journal of Arid Environments 
75:1201–1208.

Chan, K. M. A., T. Satterfield, and J. Goldstein. 2012. Rethinking ecosystem services to 
better address and navigate cultural values. Ecological Economics 74:8–18.

Chan, K. M. A., M. R. Shaw, D. R. Cameron, E. C. Underwood, and G. C. Daily. 2006. 
Conservation planning for ES. PLoS Biology 4:2138–2152.

Chassot, E., S. Bonhommeau, N. K. Dulvy, et al. 2010. Global marine primary produc-
tion constrains fisheries catches. Ecological Letters 13:495–505.

Chee, Y. E. 2004. An ecological perspective on the valuation of ecosystem services. 
Biological Conservation 120:549–565.

Clementel, F., G. Colle, C. Farruggia, et al. 2012. Estimating forest timber volume by 
means of “low cost” LiDAR data. Italian Journal of Remote Sensing 1:125–140.

Costanza, R., R. d’Arge, R. de Groot, et al. 1997. The value of the world’s ecosystem 
services and natural capital. Nature 387:253–260.

Cowling, R. M., B. Egoh, A. T. Knight, et al. 2008. An operational model for main-
streaming ES for implementation. Proceedings of the National Academy of Sciences 
of the United States of America 105:9483–9488.

Croitoru, L. 2007. How much are Mediterranean forests worth? Forest Policy and 
Economics 9:536–545.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



463Multidimensional Approaches in Ecosystem Services Assessment

Daily, G. 1997. Nature’s services: Societal dependence on natural ecosystems. Washington, 
DC: Island Press.

Daily, G. C., and P. Matson. 2008. Ecosystem services: From theory to implementa-
tion. Proceedings of the National Academy of Sciences of the United States of America 
105:9455–9456.

de Groot, R. 2006. Function-analysis and valuation as a tool to assess land use con-
flicts in planning for sustainable, multi-functional landscapes. Landscape and 
Urban Planning 75:175–186.

de Groot, R. S. 1992. Functions of nature: Evaluation of nature in environmental  planning, 
management and decision making. Groningen, The Netherlands: Wolters-
Noordhoff B. V.

de Groot, R. S., R. Alkemade, L. Braat, L. Hein, and L. Willemen. 2010. Challenges in 
integrating the concept of ecosystem services and values in landscape planning, 
management and decision making. Ecological Complexity 7:260–272.

Dequech, D. 2007. Neoclassical, mainstream, orthodox, and heterodox economics. 
Journal of Post Keynesian Economics 30:279–302.

Díaz, S., J. Fargione, F. S. Chapin III, and D. Tilman. 2006. Biodiversity loss threatens 
human well-being. PLoS Biology 4:1300–1305.

Díaz, S., F. Quétier, D. M. Cáceres, et al. 2011. Linking functional diversity and social 
actor strategies in a framework for interdisciplinary analysis of nature’s benefits 
to society. Proceedings of the National Academy of Sciences of the United States of 
America 3:895–902.

Doraiswamy, P. C., S. Moulin, and P. W. Cook. 2003. Crop yield assessment from 
remote sensing. Photogrammetric Engineering and Remote Sensing 69:665–674.

Eade, J. D. O., and D. Moran. 1996. Spatial economic valuation: Benefits transfer 
using geographical information systems. Journal of Environmental Management 
48:97–110.

Egoh, B., M. Rouget, B. Reyers, et al. 2007. Integrating ecosystem services into conser-
vation assessments: A review. Ecological Economics 63:714–721.

EME (Spanish Millennium Ecosystem Assessment). 2011. La Evaluación de los 
Ecosistemas del Milenio de España. Síntesis de resultados. Fundación 
Biodiversidad. Ministerio de Medio Ambiente, y Medio Rural y Marino, Spain.

Feng, X., F. Bojie, and Y. Yang. 2010. Remote sensing of ecosystem services: An oppor-
tunity for spatially explicit assessment. Chinese Geographical Science 20:522.

Gallai, N., J. M. Salles, J. Settele, and B. E. Vaissière. 2009. Economic valuation of the 
vulnerability of world agriculture confronted with pollinator decline. Ecological 
Economics 68:810–821.

García-Llorente, M., B. Martín-López, S. Díaz, and C. Montes. 2011b. Can ecosystem 
properties be fully translated into service values? An economic valuation of 
aquatic plant services. Ecological Applications 21:3083–3103.

García-Llorente, M., B. Martín-López, and C. Montes. 2011a. Exploring the motiva-
tions of protesters in contingent valuation: Insights for conservation policies. 
Environmental Science and Policy 14:76–88.

García-Llorente, M., B. Martín-López, P. A. L. D. Nunes, A. J. Castro, and C. Montes. 
2012. A choice experiment study for land use scenarios in semi-arid watersheds 
environments. Journal of Arid Environments 87:219–230.

Gee, K., and B. Burkhard. 2010. Cultural ecosystem services in the context of off-
shore wind farming: A case study from the west coast of Schleswig-Holstein. 
Ecological Complexity 7:349–358.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



464 Earth Observation of Ecosystem Services

Geoghegan, J., L. A. Wainger, and N. E. Bockstael. 1997. Spatial landscape indices in 
a hedonic framework and ecological economics analysis using GIS. Ecological 
Economics 23:251–264.

Gianelle, D., and L. Vescovo. 2007. Determination of green herbage ratio in grasslands 
using spectral reflectance. Methods and ground measurements. International 
Journal of Remote Sensing 5:931–942.

Gianelle, D., L. Vescovo, B. Marcolla, et al. 2009. Ecosystem carbon fluxes and can-
opy spectral reflectance of a mountain meadow. International Journal of Remote 
Sensing 2:435–449.

Goldstein, J. H., G. Caldarone, T. K. Duarte, et al. 2012. Integrating ecosystem-service 
tradeoffs into land-use decisions. Proceedings of the National Academy of Sciences 
of the United States of America 1:6.

Gómez-Baggethun, E., R. de Groot, P. L. Lomas, and C. Montes. 2010. The history of 
ecosystem services in economic theory and practice: From early notions to mar-
kets and payment schemes. Ecological Economics 69:1209–1218.

Gómez-Baggethun, E., and M. Ruiz-Pérez. 2011. Economic valuation and the com-
modification of ecosystem services. Progress in Physical Geography 5:613–628.

Gould, W. 2000. Remote sensing of vegetation, plant species richness and regional 
biodiversity hotspots. Ecological Applications 10:1861–1870.

Gürlük, S. 2006. The estimation of ecosystem services’ value in the region of Misi 
rural development project: Results from a contingent valuation survey. Forest 
Policy and Economics 9:209–218.

Hanley, N., and J. Milne. 1996. Ethical beliefs and behaviour in contingent valuation 
surveys. Journal of Environmental Planning and Management 2:255–272.

Hanley, N., F. Schläpfer, and J. Spurgeon. 2003. Aggregating the benefits of environ-
mental improvements: Distance-decay functions for use and non-use values. 
Journal of Environmental Management 3:297–304.

Heller, E., J. M. Rhemtulla, S. Lele, et al. 2012. Global croplands and their water use for 
food security in the twenty-first century. Photogrammetric Engineering and Remote 
Sensing 78:815–827.

Hicks, C. C., T. R. McClanahan, J. E. Cinner, and J. M. Hills. 2009. Trade-offs in values 
assigned to ecological goods and services associated with different coral reef 
management strategies. Ecology and Society 14:10.

Higuera, D., B. Martín-López, and A. Sánchez-Jabba. 2013. Social preferences towards 
ecosystem services provided by cloud forests in the neotropics: Implications 
for conservation strategies. Regional Environmental Change. doi:10.1007/
s10113-012-0379-1.

Jackson, B., P. Timothy, F. Sinclair, et al. 2013. Polyscape: A GIS mapping framework 
providing efficient and spatially explicit landscape-scale valuation of multiple 
ecosystem services. Landscape and Urban Planning 112:74–88.

Jorgensen, B. S., M. A. Wilson, and T. A. Haberlein. 2001. Fairness in the contingent 
valuation of environmental public goods: Attitude towards paying for environ-
mental improvement at two levels of scope. Ecological Economics 36:133–148.

Kenter, J. O., T. Hyde, M. Christie, and I. Fazey. 2011. The importance of delibera-
tion in valuing ecosystem services in developing countries—Evidence from the 
Solomon Islands. Global Environmental Change 21:505–521.

Kheir, R. B., M. H. Greve, P. K. Bocher, et al. 2010. Predictive mapping of soil organic 
carbon in wet cultivated lands using classification-tree based models: The case 
study of Denmark. Journal of Environmental Management 91:1150–1160.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



465Multidimensional Approaches in Ecosystem Services Assessment

Konarska, K. M., P. C. Sutton, and M. Castellon. 2002. Evaluating scale dependence of 
ecosystem service valuation: A comparison of NOAA-AVHRR and Landsat TM 
datasets. Ecological Economics 41:491–507.

Kontogianni, A., G. W. Luck, and M. Skourtos. 2010. Valuing ecosystem services on the 
basis of service-providing units: A potential approach to address the “endpoint 
problem” and improve stated preference methods. Ecological Economics 7:1479–1487.

Kroll, F., F. Müller, D. Haase, and N. Fohrer. 2012. Rural-urban gradient analysis of 
ecosystem services supply and demand dynamics. Land Use Policy 29:521–535.

Krysanova, V., F. Hattermann, and F. Wechsung. 2007. Implications of complexity 
and uncertainty for integrated modeling and impact assessment in river basins. 
Environmental Modelling and Software 22:701–709.

Kumar, M., and P. Kumar. 2008. Valuation of the ecosystem services: A psycho- cultural 
perspective. Ecological Economics 64:808–819.

Lamarque, P., F. Quétier, and S. Lavorel. 2011. The diversity of the ecosystem services 
concept and its implications for their assessment and management. Comptes 
Rendus Biologies 334:441–449.

Lansford, N. H., and L. L. Jones. 1995. Recreational and aesthetic value of water using 
hedonic price analysis. Journal of Agriculture Resource Economics 2:341–355.

Liu, S., C. Robert, F. Stephen, and T. Austin. 2010. Valuing ecosystem services. Annals 
of the New York Academy of Sciences 1185:54–78.

Liu, X., and J. Li. 2008. Application of SCS model in estimation of runoff from small 
watershed in Loess Plateau of China. Chinese Geographical Science 18:235–241.

Lobell, D. B., S. M. Lesch, D. L. Corwin, et al. 2009. Regional-scale assessment of soil 
salinity in the Red River Valley using multi-year MODIS EVI and NDVI. Journal 
of Environmental Quality 1:35–41.

Lobitz, B., L. Beck, A. Huq, et al. 2000. Climate and infectious disease: Use of remote 
sensing for detection of Vibrio cholerae by indirect measurement. Proceedings of 
the National Academy of Sciences of the United States of America 4:1438–1443.

Loomis, J., P. Kent, L. Strange, L. Fausch, and A. Covich. 2000. Measuring the total 
economic value of restoring ecosystem services in an impaired river basin: 
Results from a contingent valuation survey. Ecological Economics 33:103–117.

Losey, J. E., and M. Vaughan. 2006. The economic value of ecological services pro-
vided by insects. BioScience 56:311–323.

Luck, G. W., G. C. Daily, and P. R. Ehrlich. 2003. Population diversity and ecosystem 
services. Trends in Ecology and Evolution 18:331–336.

Luck, G. W., R. Harrington, P. A. Harrison, et al. 2009. Quantifying the contribution of 
organisms to the provision of ecosystem services. BioScience 59:223–235.

MA (Millennium Ecosystem Assessment). 2003. Ecosystems and human well-being: A 
Framework for Assessment. Washington, D. C.: Island Press and World Resources 
Institute.

MA (Millenium Ecosystem Assessment). 2005. Ecosystems and human well-being: 
Current states and trends. Washington, DC: World Resources Institute.

Maes, J., L. Braat, K. Jax, et al. 2011. A spatial assessment of ecosystem services in Europe: 
Methods, case studies and policy analysis-phase 1. PEER Report No 3. Ispra, Italy: 
Partnership for European Environmental Research.

Martín-López, B., M. García-Llorente, I. Palomo, and C. Montes. 2011. The conserva-
tion against development paradigm in protected areas: Valuation of ecosystem 
services in the Doñana social–ecological system (southwestern Spain). Ecological 
Economics 70:1481–1491.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



466 Earth Observation of Ecosystem Services

Martín-López, B., E. Gómez-Baggethun, P. L. Lomas, and C. Montes. 2009. Effects 
of spatial and temporal scales on cultural services valuation areas. Journal of 
Environmental Management 2:1050–1059.

Martín-López, B., C. Montes, and J. Benayas. 2007. The non-economic motives behind the 
willingness to pay for biodiversity conservation. Biological Conservation 139:67–82.

McMichael, A. J., D. Campbell-Lendrum, C. F. Corvalan, et al. 2003. Climate change and 
human health: Risks and responses. Geneva: World Health Organization.

Mengzhi, D. 2009. Study on tobacco spatial agglomeration pattern based on remote 
sensing and GIS methods in Henan province, China. Geoscience and Remote 
Sensing Symposium IEEE International, IGARSS 2009 2:646–649.

Menzel, S., and J. Teng. 2010. Ecosystem services as a stakeholder-driven concept for 
conservation science. Conservation Biology 3:907–909.

Mertes, L. A. K. 2002. Satellite remote sensing for detailed landslide inventories using 
change detection and image fusion. Freshwater Biology 47:799–816.

Minacapilli, M., C. Agnese, F. Blanda, et al. 2009. Estimation of actual evapotranspira-
tion of Mediterranean perennial crops by means of remote-sensing based  surface 
energy balance models. Hydrology and Earth System Sciences 13:1061–1074.

Mitchell, R., and R. Carson. 1989. Using surveys to value public goods: The contingent 
valuation method. Washington, DC: Resources for the Future.

Myeong, S., D. J. Nowak, and M. J. Duggin. 2006. A temporal analysis of urban forest 
carbon storage using remote sensing. Remote Sensing of Environment 101:277–282.

Naidoo, R., and T. H. Ricketts. 2006. Mapping the economic costs and benefits of con-
servation. PLoS Biology 11:360.

Nelson, G. C., M. W. Rosegrant, J. Koo, et al. 2009. Climate change: Impact on agriculture 
and costs of adaptation. Washington, DC: IFPRI Food Policy Report.

Nichol, J., and M. S. Wong. 2005. Satellite remote sensing for detailed landslide inven-
tories using change detection and image fusion. International Journal of Remote 
Sensing 26:1913–1926.

Norgaard, R. B. 2010. Ecosystem services: From eye-opening metaphor to complexity 
blinder. Ecological Economics 69:1219–1227.

Olofsson, P., F. Lagergren, A. Lindroth, et al. 2008. Towards operational remote sens-
ing of forest carbon balance across northern Europe. Biogeosciences 5:817–832.

Paetzold, A., P. H. Warren, and L. L. Maltby. 2010. A framework for assessing ecologi-
cal quality based on ecosystem services. Ecological Complexity 7:273–281.

Palomo, I., B. Martín-López, C. López-Santiago, and C. Montes. 2011. Participatory 
scenario planning for natural protected areas management under the ecosystem 
services framework: The Doñana social–ecological system, SW Spain. Ecology 
and Society 16:23.

Palomo, I., B. Martín-López, M. Potschin, R. Haines-Young, and C. Montes. 2012. 
National Parks, buffer zones and surrounding landscape: Mapping ecosystem ser-
vices flows. Ecosystem Services Journal 4:104–116. doi:10.1016/ j.ecoser.2012.09.001.

Paruelo, J. M., E. G. Jobbágy, and O. E. Sala. 2001. Current distribution of ecosystem 
functional types in temperate South America. Ecosystems 4:683–698.

Pearce, D. W., and R. K. Turner. 1990. Economics of natural resources and the environment. 
Hemel Hempstead and London: Harvester Wheatsheaf.

Perrings, C. 2007. Future challenges. Proceedings of the National Academy of Sciences of 
the United States of America 104:15179–15180.

Perrings, C., A. Duraiappah, A. Larigauderie, and H. Mooney. 2011. The biodiversity 
and ecosystem services science-policy interface. Science 331:17–19.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



467Multidimensional Approaches in Ecosystem Services Assessment

Polasky, S., E. Nelson, J. Camm, et  al. 2008. Where to put things? Spatial land 
 management to sustain biodiversity and economic returns. Biological 
Conservation 141:1505–1524.

Quetier, F., F. Rivoal, P. Marty, J. de Chazal, W. Thuiller, and S. Lavorel. 2010. Social 
representations of an alpine grassland landscape and socio-political discourses 
on rural development. Regional Environmental Change 10:119–130.

Reed, M. S. 2008. Stakeholder participation for environmental management: A litera-
ture review. Biological Conservation 141:2417–2431.

Ressurreição, A., J. Gibbons, T. Ponce Dentinho, M. Kaiser, R. S. Santos, and 
G.  Edwards-Jones. 2011. Economic valuation of species loss in the open sea. 
Ecological Economics 4:729–739.

Rodríguez, J. P., T. D. Beard, J. Agard Jr., et al. 2005. Interactions among ecosystem 
services. In Ecosystems and human well-being: Scenarios. Volume 2. Working group, 
Millennium Ecosystem Assessment. Findings of the scenarios, eds. S. R. Carpenter, 
P. L. Pingali, E. M. Bennett, and M. B. Zurek, 431–448. Washington, DC: Island 
Press.

Ropert-Coudert, Y., and R. P. Wilson. 2005. Trends and perspectives in animal-attached 
remote-sensing. Frontiers in Ecology and the Environment 3:437–444.

Sagoff, M. 2011. The quantification and valuation of ecosystem services. Ecological 
Economics 70:497–502.

Sandbrook, C., I. R. Scales, V. Ivan, et al. 2011. Value plurality among conservation 
professionals. Conservation Biology 25:285–294.

Sayadi, S., M. C. G. Roa, and J. C. Requena. 2005. Ranking versus scale rating in con-
joint analysis: Evaluating landscapes in mountainous regions in southeastern 
Spain. Ecological Economics 55:539–550.

Schläpfer, F. 2008. Contingent valuation: A new perspective. Ecological Economics 
64:729–740.

Schulp, C. J. E., and R. Alkemade. 2011. Consequences of uncertainty in global-scale 
land cover maps for mapping ecosystem functions: An analysis of pollination 
efficiency. Remote Sensing 3:2057–2075.

Seppelt, R., C. F. Dormann, F. V. Eppink, et al. 2011. A quantitative review of ecosys-
tem service studies: Approaches, shortcomings and the road ahead. Journal of 
Applied Ecology 48:630–636.

Seppelt, R., B. Fath, B. Burkhard, et  al. 2012. Form follows function? Proposing a 
blueprint for ecosystem service assessments based on reviews and case studies. 
Ecological Indicators 21:145–154.

Sherrouse, B. C., J. M. Clement, and D. J. Semmens. 2011. A GIS application for assess-
ing, mapping, and quantifying the social values of ecosystem services. Applied 
Geography 31:748–760.

Shrestha, R. K., A. F. Seidl, and A. S. Moraes. 2002. Value of recreational fishing in the 
Brazilian Pantanal: A travel cost analysis using count data models. Ecological 
Economics 42:289–299.

Spash, C. L., K. Urama, R. Burton, et  al. 2009. Motives behind willingness to pay 
for improving biodiversity in a water ecosystem: Economics, ethics and social 
 psychology. Ecological Economics 4:955–964.

Stephen, B., M. Walter, and A. Ivan. 2013. Remote sensing in agricultural livestock wel-
fare monitoring: Practical considerations. In Wireless sensor networks &  ecological 
monitoring, eds. S. Mukhopadhyay and J. A. Jiang, 179–193. Heidelberg, Berlin: 
Springer-Verlag.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 



468 Earth Observation of Ecosystem Services

Stuart, N., T. Barratt, and C. Place. 2006. Classifying the neotropical savannas of Belize 
using remote sensing and ground survey. Journal of Biogeography 33:476–490.

Syrbe, R. U., and U. Walz. 2012. Spatial indicators for the assessment of ecosystem 
services: Providing, benefiting and connecting areas and landscape metrics. 
Ecological Indicators 21:80–88.

TEEB (The Economics of Ecosystems and Biodiversity). 2010. The economics of ecosys-
tems and biodiversity: Ecological and economic foundations. London: Earthscan.

Troy, A., and M. A. Wilson. 2006. Mapping ecosystem services: Practical challenges and 
opportunities in linking GIS and value transfer. Ecological Economics 60:435–449.

Turner, R. K., S. Morse-Jones, and B. Fisher. 2010. Ecosystem valuation: A sequential 
decision support system and quality assessment issues. Annals of the New York 
Academy of Science 1185:79–101.

Turpie, J. K., B. J. Heydenrych, and S. J. Lamberth. 2003. Economic value of terrestrial 
and marine biodiversity in the Cape Floristic region: Implications for defining 
effective and socially optimal conservation strategies. Biological Conservation 
112:233–251.

Vejre, H., S. Jensen, F. Jellesmark, et al. 2010. Demonstrating the importance of intan-
gible ecosystem services from peri-urban landscapes. Ecological Complexity 
7:338–348.

Vrieling, A. 2006. Satellite remote sensing for water erosion assessment: A review. 
Catena 65:2–18.

Webb, T. J., and D. Raffaelli. 2008. Conversations in conservation: Revealing and deal-
ing with language differences in environmental management. Journal of Applied 
Ecology 45:1198–1204.

Wegner, G., and U. Pascual. 2011. Cost-benefit analysis in the context of ecosystem ser-
vices for human well-being: A multidisciplinary critique. Global Environmental 
Change 21:492–504.

Westerberg, V. H., L. Robert, and S. B. Olsen. 2010. To restore or not? A valuation 
of social and ecological functions of the Marais des Baux wetland in southern 
France. Ecological Economics 12:2383–2393.

Williams, J. D., S. Dun, D. S. Robertson, et  al. 2010. WEPP simulations of dryland 
cropping systems in small drainages of northeastern Oregon. Journal of Soil and 
Water Conservation 1:22–23.

Wilson, M. A., and R. B. Howarth. 2002. Distributional fairness and ecosystem service 
valuation. Ecological Economics 41:421–429.

Woodward, R. T., and Y. S. Wui. 2001. The economic value of wetland services: A 
meta-analysis. Ecological Economics 37:257–270.

Xenarios, S., and I. Tziritis. 2007. Improving pluralism in multi criteria decision 
aid approach through focus group technique and content analysis. Ecological 
Economics 62:692–703.

Zander, K. K., and A. Straton. 2010. An economic assessment of the value of tropi-
cal river ecosystem services: Heterogeneous preferences among Aboriginal and 
non-Aboriginal Australians. Ecological Economics 69:2417–2426.

Zandersen, M., and R. S. J. Tol. 2009. A meta-analysis of forest recreation values in 
Europe. Journal of Forest Economics 15:109–130.

Zografos, C., and R. B. Howarth. 2008. Towards a deliberative ecological economics. 
In Deliberative ecological economics, eds. C. Zografos and R. B. Howarth, 1–20. 
Delhi: Oxford University Press.

D
ow

nl
oa

de
d 

by
 [

Ju
lie

ta
 S

tr
as

ch
no

y]
 a

t 1
1:

05
 1

1 
Fe

br
ua

ry
 2

01
4 


	Multidimensional Approaches in Ecosystem Services Assessment
	20.1 �The Need for a Multidimensional and Interdisciplinary Framework for Ecosystem Services Assessment
	20.2 The Supply Side of Ecosystem Services
	20.2.1 Service-Providing Units
	20.2.2 Biophysical Indicators for Evaluating Ecosystem Services
	20.2.3 Going Spatial: From Early Approaches to Current Toolboxes

	20.3 The Demand Side of Ecosystem Services
	20.3.1 Ecosystem Services Beneficiaries
	20.3.2 Sociocultural Valuation
	20.3.3 Economic Valuation

	20.4 �Discussion and Future Steps: Toward Hybrid Methodologies and New Concepts
	20.5 Conclusions
	Acknowledgments
	References


