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The concept of ecosystems services has become an important model for linking the
functioning of ecosystems to human welfare. Understanding this link is critical for a wide-
range of decision-making contexts.While there have been several attempts to come upwith a
classification scheme for ecosystem services, there has not been an agreed upon, meaningful
and consistent definition for ecosystem services. In this paper we offer a definition of
ecosystem services that is likely to be operational for ecosystem service research and several
classification schemes.We argue that any attempt at classifying ecosystem services should be
basedonboth the characteristics of the ecosystemsof interest andadecision context forwhich
the concept of ecosystem services is being mobilized. Because of this there is not one
classification scheme that will be adequate for themany contexts in which ecosystem service
researchmay be utilized.We discuss several examples of how classification schemeswill be a
function of both ecosystem and ecosystem service characteristics and the decision-making
context.
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1. Introduction

Ecosystem services research has become an important area of
investigation over the past decade. The number of papers
addressing ecosystems services is rising exponentially (Fig. 1).
The significance of the concept is witnessed by the publication
of the Millennium Ecosystem Assessment (MA), a monumen-
tal work involving over 1300 scientists. One of the key results
of the MA was the finding that globally 15 of the 24 ecosystem
services investigated are in a state of decline (MA, 2005), and
this is likely to have a large and negative impact on future
human welfare. One of the clarion calls of the MA was for
increased and concerted research on measuring, modeling
and mapping ecosystem services, and assessing changes in
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their delivery with respect to human welfare (MA, 2005;
Carpenter et al., 2006; Sachs and Reid, 2006).

The 1300-plus scientists have moved ecosystem services
science considerably forward. One of the key MA documents
subtitled “A Framework for Assessment,” clearly indicates
that it is not intended to be a static document. Additionally,
several lead authors have acknowledged the need to keep this
as an evolving concept (see Carpenter et al., 2006; Sachs and
Reid, 2006). To do this, the scientific community needs to
frequently check the validity of early concepts, including how
ecosystem services are defined, and how the concept can be
utilized by a wide range of stakeholders including scientists,
economists, practitioners, policy makers, land managers and
environmental educators.
.
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Fig. 1 –Number of papers using the term “ecosystem
services” or “ecological services” in an ISI Web of Science
search through 2007. “Environmental services” as a search
term, was left out as it returned publications related to
hospital environments. Therefore, the graph is indicative but
clearly an underestimate.
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This requires a clear and consistent definition of what
ecosystem services are and a wider understanding of key
characteristics of ecosystems and the services they provide.

The MA opened a wider understanding and use of eco-
system services and offered an excellent heuristic and
classification system. Despite its recent publication date, the
MA classification of supporting, regulating, provisioning and cul-
tural services is one of themostwidely used. This classification
is understandably not meant to fit all purposes, and this
has been pointed out for contexts regarding environmental
accounting, landscape management and valuation, for which
alternative classifications have been proposed (Boyd and
Banzhaf, 2007; Wallace, 2007; Fisher and Turner, 2008).

However, underlying the multiple ways in which ecosys-
tem services can be packaged or classified, we suggest that
there needs to be a clear, consistent and operational definition
of what ecosystem services are. This is because a functional
definition, widely agreed upon, would allow for meaningful
comparisons across different projects, policy contexts, time
and space (Boyd, 2007; Barbier, 2007). Such a definition would
also provide us with boundaries for the characteristics we are
interested in. For example, if we use the MA definition, i.e.
benefits people obtain from ecosystems, then the character-
istics of import include things outside of ecological systems
such as imputed cultural meanings, recreation, and spiritual
fulfillment.

However, if ecosystem services are defined as ecological
phenomena, as below or as in Boyd and Banzhaf (2007), then
the first role of science, to deliver information to society,
becomes much more clear. In this vein, the first duty is to
understand and relate the behaviors and characteristics of
ecological systems. Some of the identified characteristics,
along with the decision context or motivations for mobilizing
ecosystem services, will inform an appropriate classification
system for use, or rather a meaningful and transparent way to
organize ecosystem services for use.

This paper argues that a classification system should be
informed by 1) a clear and robust definition 2) the character-
istics of the ecosystem or ecosystem services under investi-
gation and 3) the decision context or motivation for which
ecosystem services are being considered.

Fig. 2 demonstrateshowwesuggest that thesevarious issues
connect. First and foremost we suggest that clearly defining
what ecosystem services are is important, at the very least so
that (as stated above) meaningful comparisons and synergies
can be made across projects, researchers etc. As pointed out by
Boyd and Banzhaf (2007), GDP accounting was slow to deliver a
consistent set of definitions and accounting methods, and to
this day we still talk about production within national boun-
daries (GDP), and production by nationals of a country regard-
less of where it happens in political space (GNP). This type of
evolution is likely to be the case with the ecosystem services
concept.

Once we define ecosystem services then we can consider
their characteristics and the characteristics of the systems
from which they derive that are important for understanding
their linkwithhumanwelfare. Fig. 2 also suggests thatweneed
to know something about the decision context or motivations
for mobilizing ecosystem services research (e.g. spreading
awareness, accounting systems, landscapemanagement…). A
brief example following Fig. 2 is such: we define ecosystem
services to be about ecological phenomena (e.g. not cultural
services which we see as very valuable benefits derived from
ecosystems and services); we know that some ecosystems and
functions can behave nonlinearly (characteristic); we are
trying to decide how much upland forest to convert to a ski
resort (decision context); we can classify our ecosystem ser-
vices based on any (un)certainty about their functional
response to this land conversion. Perhaps, at certain initial
levels, a list of services that will behave in as linear response
include genetic storage, pollination, carbon sequestration. A
list of services that may change nonlinearly could include soil
retention and water regulation. By classifying services in this
way they can feed back into the decision process and perhaps
suggest a precautionary approach ormanagement strategy for
soil retention and water regulation. The rest of this paper is
used to flesh out Fig. 2 and expand its implications.

First we suggest a broad, yet operational, definition of
ecosystem services (Section 2); identify some of the character-
istics of ecosystems and the services they provide that might
be important for classification schemes (Section 3); and pro-
vide examples of decision-making contexts which illustrate
how any classification scheme needs to fit the end use for an
investigation into ecosystemservices (Section 4).We thenoffer
some concluding thoughts on the future of ecosystem service
research.
2. Defining ecosystem services

Humanity's reliance upon nature for welfare and survival is
complete. The history of civilization is, at its most basic, a
story of people trying to access resources and seek protection
from the elements. Around 10,000 years ago when we began
to domesticate nature, the story changed a bit. Through
husbandry and agriculture we were managing nature's ser-
vices more directly in order to increase productivity. In this



Fig. 2 –Classifying or packaging ecosystem services for
meaningful and appropriate usewill require a clear definition
of what ecosystem services are; an understanding of the key
characteristics or behaviors of these ecosystems and their
services; and an understanding of the decision context in
which the ecosystem services concept will be used.

Table 1 – Various terms used in the literature regarding
ecosystems and ecosystem services in recognition of the
clear links among ecosystem organization, the operation
of ecosystems, and the outcomes that provide human
benefits

Organization Operation Outcome

Stock Flows Services
Structure Function(ing) Goods
Infrastructure Services Benefits
Pattern Process
Capital Income
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way humans have always recognized the importance of what
we now call ecosystem services. The ancient Greeks knew
the importance of soil retention, a knowledge predicated by
deforestation related soil thinning. The classic, oft-cited exam-
ple is the Easter Island societywhose cultural beliefs led them to
completely deforest their island leading to loss of soils, and no
raw materials for building sea vessels (see Ponting, 1993). Jared
Diamond's Collapse: How Societies Choose to Fail or Succeed
(2005) documents societies throughout history that have
ignored the importance of well-functioning ecosystems to
their ultimate demise. He emphasizes habitat loss, soil reten-
tion, biomass production andwater regulation among others as
the key services lost with the result of societal collapse.

Researching these links between welfare and ecologies under
a concept like ‘ecosystem services' has increasingly been fleshed
out over the past fewdecades. In 1977,Westman (1977) suggested
that the social valueof thebenefits that ecosystemsprovide could
potentially be enumerated so that society can make more infor-
med policy and management decisions. He termed these social
benefits ‘nature's services.’ Now we commonly refer to West-
man's services as ‘ecosystem services’ — a term first used by
Ehrlich and Ehrlich (1981). Mooney and Ehrlich (1997) offer a his-
tory of the concept starting fromGeorge PerkinsMarsh'sMan and
Nature in 1864 through Leopold's idea of a land ethic, and right up
to experimental ecology and the role of biodiversity in ecosystem
functioning.

Despite the history of the concept, the literature does little to
distinguish exactly how ecosystem services should be defined
(Boyd, 2007; Barbier, 2007). Three definitions commonly cited are:

• the conditions and processes through which natural eco-
systems, and the species that make them up, sustain and
fulfill human life (Daily, 1997a).

• the benefits human populations derive, directly or indir-
ectly, from ecosystem functions (Costanza et al., 1997).

• the benefits people obtain from ecosystems (MA, 2005).

These definitions suggest that while there is broad agree-
ment on the general idea of ecosystem services, important
differences can be highlighted. In Daily (1997a,b) ecosystem
services are the “conditions and processes,” as well as the
“actual life-support functions.” In Costanza et al. (1997) eco-
system services represent the goods and services derived from
the functions and utilized by humanity. In theMA, services are
benefits, writ large.

The language surrounding this issue has taken many
forms, as illustrated above. Table 1 identifies other related
terms in the literature, and is one way to look at the various
terms and their meanings. In this typology, the word organi-
zation represents the physical constitution of ecosystems; the
word operation represents what authors have been referring to
as the processes or functioning of ecosystems; and the word
outcome for the link to human wellbeing. These are only
offered as a way to systematize the various terms used in the
literature. The semantics are so nuanced that there is even
debate over the difference between ecosystem function, which
has been argued to imply anthropocentrism (because function
implies a goal), and ecosystem functioning, which does not (de
Groot et al., 2002; Jax, 2005).

Boyd and Banzhaf (2007) offer an alternative definition to
the ones above. In their definition, ecosystem services are not
the benefits humans obtain from ecosystems, but rather, the
ecological components directly consumed or enjoyed to
produce human well-being. For Boyd and Banzhaf services
are directly consumed components (structure included), mea-
ning indirect processes and functions are not ecosystem ser-
vices. An important distinction that Boyd and Banzhaf (2007)
elucidate is that services and benefits are not identical.
Recreation, often called an ecosystem service, is actually a
benefit of multiple inputs; often human, social and built
capital inputs are necessary for recreation (Boyd and Banzhaf,
2007) — the ecosystem services that may help produce a
recreational benefit could be a number of ecological compo-
nents including a forest, meadow, or a vista.

Drawing largely on Boyd and Banzhaf (2007) we propose
that ecosystem services are the aspects of ecosystems utilized
(actively or passively) to produce human well-being. The key points
are that 1) services must be ecological phenomena and 2) that
they do not have to be directly utilized. Defined this way,
ecosystem services include ecosystem organization or struc-
ture as well as process and/or functions if they are consumed
or utilized by humanity either directly or indirectly. (Boyd and
Bazhaf see services as only the directly consumable end points). The
functions or processes become services if there are humans
that benefit from them.Without human beneficiaries they are
not services.



Fig. 3 –Conceptual relationship between intermediate and final services, also showing how joint products (benefits) can stem
from individual services. Intermediate services can stem from complex interactions between ecosystem structure and
processes and lead to final services, which in combination with other forms of capital provide human welfare benefits.
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Ecosystem structure (called component in Boyd and Banzhaf,
2007) is a service to the extent that it provides the platform
from which ecosystem processes occur. How much structure
and process is required to provide a diversity of ecosystem
services in a given ecosystem is still an active research ques-
tion (Turner et al., 1998; Kremen, 2005). Clearly some mini-
mum configuration of structure and process is required for
‘healthy’ functioning and service provision. This ‘infrastruc-
ture’ has value in the sense that its prior existence and main-
tenance is necessary for service provision, and is therefore a
service in itself (Turner, 1999).

This does not mean that structure, function, and services
are identical or synonymous. Ecosystem structure and func-
tion have been identified and studied for years with no
reference to the services to humans, which they also provide.
So, whilemost ecosystem structures and processes do provide
services they are not the same thing. One can best see this
distinction with a simple thought experiment. What if there
was an Earth-like planet with no humans? It could have awide
array of ecosystem structures and processes, but no services.

For example, nutrient cycling is a process in which one
outcome is clean water. Nutrient cycling is a service that
humans utilize, but indirectly. Clean water provision is also a
service that humans utilize, but directly. Clean water, when
consumed for drinking, is a benefit of ecosystem services. The
benefit being the point at which human welfare is directly
affected and the point where other forms of capital (built,
human, social) are likely needed to realize the gain in welfare.
Here, clean water provision is a service and clean water for
consumption— requiring extraction tools or knowledge— is a
benefit. Pollination is another ecosystem service that humans
utilize, although not directly. Pollination is the service, the
benefit may be eating almonds. Fig. 3 is one such conceptual
model of these types of connections between ecosystem
structure, processes, services and benefits.
3. Characteristics of ecosystems and ecosystem
services

Once we have clearly defined ecosystem services, we can
consider their characteristics, and the characteristics of the
ecosystems that produce them. By understanding key char-
acteristicswe can bettermanage,maintain, restore or evaluate
ecosystem services. For example by knowing that there are
seasonal fluctuations in stream flows needed for irrigation we
can prepare for this variability though water collection or
better irrigation management. Below we discuss a few broad
characteristics that can aid in classifying ecosystem services
for various decision-making contexts. These are illustrative
and certainly not exhaustive, but they are important when
trying to understand the ecology–society link of ecosystem
services. Therefore they are likely to be important for decision-
making and general motivations behind utilizing the ecosys-
tem services concept. All of these characteristics are related to
each other and interact in someway.We deliberately limit the
discussion of these interactions since we are using them not
to show complexities and interdependence, but rather to
highlight important aspects of ecosystems and their services
to consider in various decision contexts.



Fig. 4 –Goods and services can be characterized along a continuum from rival to non-rival and from excludable to non-
excludable. Some goods that are non-rival at low use levels (fisheries and CO2 storage) canmove towards becoming rival goods
with high use.
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3.1. Public–private good aspect

Goods that we typically buy in markets have two character-
istics that make them appropriate for the market. Economists
use the terms rival and excludable to describe these character-
istics. To be rivalmeans that if I use this good, there is less of it
for you to use. To be excludablemeans that I can keep you from
using this good. For example, if I buy a chicken in the market,
my use of it precludes your use (rival) and I can keep you from
using it by say locking it up, or eating it (excludable). Eco-
system services do provide benefits that are rival and ex-
cludable goods, like timber, fish, and medicines.

Obviouslynot all goodsare rival andexcludable. In fact there is
a spectrum from rival to non-rival and from excludable to non-
excludable. Fig. 4 sets out todemonstratehowecosystemservices
fit into these characteristic spectrums. Again, ecosystem services
provide benefits that are both rival and excludable. For example,
pollination services and primary production services provide the
benefit (along with other capital inputs like labor) of almonds.
These can be traded in conventional markets and are typically
considered private or market goods. Other ecosystem services fall
into a category often known as toll or club goods. This type of good
is one that is non-rival, but excludable. For example, information
we gain from nature (e.g. insights from bio-mimicry) is non-rival
in that if I use this information, there is not less information for
you touse, i.e. the gooddoesnot degradeor transform.However, I
can keep you from using this information by say, patenting it.
Another set of goods are those that are rival, but non-excludable.
These are often called open access or common pool resources. Deep-
sea fisheries are an example since my use of the fishery leaves
less for you (rival), but I cannot prevent you from using it (non-
excludable). Finally, there are pure-public goods, which are
neither rival nor excludable. For example, the ability of the at-
mosphere (with its biotic and abiotic interactions) to protect
people from harmful UV radiation is often considered an eco-
system service. My use of this service does not leave less of it for
you, nor can I keep you from using it.

These four types of goods are stylized examples. There are
grades of goods in between these categories, e.g. goods where it
gets more difficult to exclude use. In Fig. 4, this is signified by the
arrows between excludable and non-excludable goods. For
example, we used deep-sea fisheries as an example of a non-
excludable good, but we can imagine a system of barriers and
monitoring to keep people from using such fisheries. However,
this exclusionwould be a very difficult and costly endeavor. It is a
similar case with rivalness. Some goods may be non-rival at low
use levels. Inshore fisheries at low or sustainable use levels could
be considered non-rival since — my use does not preclude your
use. However, as we increase our use or extraction of the fishery
benefits (e.g. fish) they move towards being rival goods. At un-
sustainable levels my use of the fishery does leave less for you.
Fig. 4 demonstrates this process, sometimes known as congest-
ibility (Farley and Daly, 2004). An example in this vein of a more
difficult to exclude good is the carbon storage capacity of the
atmosphere. 300yearsago,using theatmosphereasacarbonsink
was non-rival. The sink was big compared to the emissions.
However, we are now in a situation where the use of the at-
mosphere as a carbon sink by one country leaves less of it for
others (if climate stability is a societal goal). This previously non-
rival sink is becoming congested.

There is an additional complexity here with regards to bio-
diversity. The utility someone derives from the nonuse of bio-
diversity (e.g.warmglow, bequest value, existencevalue) couldbe
considered a public good. Likewise, the role of increased species
numbers as insurance to the stable functioning of ecosystems
over time and space (Hooper et al., 2005) has public good aspects.
Therefore, thestability (Macarthur, 1955;Tilman1996;Naeemand
Li 1997; Ives et al., 1999), resilience (Nystrom and Folke 2001;
Petchey et al., 1999) and resistance (Allison 2004; Hughes and
Stachowicz, 2004) roles of biodiversity for ecosystem functioning
and therefore service provision are also characteristics that relay
some non-excludability and non-rivalness to society.

Additionally, the complexity of understanding how eco-
system services and their benefits fit into the public–private
goods space, is not just a function of the ecosystem dynamics,
but also in the social systems that interface with these goods
and services. Governance systems,markets, informal land use
and others are employed to utilize and benefit from ecological
systems. These in themselves are complex and dynamic, and
will interact with the different categories of goods by requiring
different social solutions for each type.

3.2. Spatial and temporal dynamism

Another important characteristic of ecosystems and the
services they provide is that they are not homogenous across
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landscapes or seascapes, nor are they static phenomena. They
are heterogeneous in space and evolve through time. This
spatio-temporal dynamic is a characteristic that can help in
understanding and classifying ecosystem services. For exam-
ple some ecosystems provide services that are utilized in-situ.
Soil formation is an example of a service that can be used in
the same place as it was made— providing a benefit of say an
agricultural product. Another example is when a service is
provided in one location at one time, but the benefit is realized
in another location at another time. For example, water
regulation provided by mountain top forest will provide
benefits downslope overtime in the form of regulated and
extended water provision. These characteristics are described
in more detail below where we use them to derive a clas-
sification scheme.

3.3. Joint production

Just as discrete ecosystems can deliver several ecosystem
services, ecosystem services can provide multiple benefits for
human welfare. In both cases, these are considered “joint
products” (see Daily, 1997b for chapters regarding multi-
ple services produced by individual systems and biomes).
In Fig. 3 we can see that the interactions among several
intermediate services produce final services such as clean
water provision and storm protection. These final services can
provide joint products, or multiple benefits, as in the case that
having a regulated stream flow provides humanity with
recreation opportunities, water for irrigation and water for
hydroelectric power. Joint production is a characteristic of
ecosystem services that could be important for deriving
accounting and classifications schemes in certain decision-
making contexts.

3.4. Complexity

Discerning the complex interactions between structure, process
and service is further complicated by the fact that ecosystems are
not linear phenomenon, but rather “complex systems” with
feedbacks, time lags, and nested phenomena (Limburg et al.,
2002). This complexity is somewhat responsible for the categories
of goods in Section 3.1, especially with rival to non-rival con-
tinuum as that is driven by biophysical characteristics, i.e. does
the good degrade or transform with use. Our knowledge of the
ecological dynamics responsible for ecosystem services (i.e.
production functions) is still in early days (Daily et al., 2000;
Kremen, 2005). In line with this there are some services we may
not be able tomeasure ormonitor directly. For example, itmay be
possible to measure net primary productivity for a given area
from models and remote sensing, but it may be problematic to
measure the waste absorption service provided by a landscape
with a certain level of productivity. Thismeasurement problem is
visible in payments schemes for ecosystem services like the PSA
program in Costa Rica. Here landowners are paid for provid-
ing services like carbon sequestration, but this service is not
measured directly, but rather by proxy— the number of hectares
forested.

As mentioned above, our understanding of the role of
biodiversity in the production of ecosystem services is another
area where complexity and uncertainty reign. The term itself
is used in different ways by different people. We know that
some systems and processes are initially insensitive to species
loss (Hooper et al., 2005), but after a certain threshold an
ecosystemmay abruptly change. Other systems, may respond
quickly to the loss of a single species, like the collapse of kelp
systems as a result of sea otter decline and subsequent release
of sea urchin populations (Estes et al., 1998).

The complexity of thesystem isa characteristic that canhelp
with classifying ecosystem services. For instance, we might
not have knowledge of all the interactions and dependencies
between ecosystem components and processes, so delineating
between intermediate services, final servicesandbenefitsmight
be the best we can do, and might be enough for a desired out-
come e.g. green accounting. This classification may aid in
developing financial or market mechanisms for managing eco-
systems, i.e. mechanisms with outcomes that can be clearly
monitored.

3.5. Benefit dependence

Services are often benefit dependent (Boyd and Banzhaf, 2007),
meaning the benefits you are interested in will dictate what
you understand as an ecosystem service. For example, water
regulation services are an intermediate input to the final
service of clean water provision. One benefit is better water
quality. But if one was interested in the final service of fish
production, then water provision would move from being a
final service to an intermediate one, i.e. whether the service is
considered final or intermediate will change depending on
what is being valued, monitored or measured, as well as who
are the beneficiaries (see Boyd, 2007 for a full treatment of
benefit dependence).

Since different stakeholders (or even individuals) perceive
different benefits from the same ecosystem processes they
can at times be conflicting (Turner et al., 2003; Hein et al.,
2006). For example, to global stakeholders the carbon seques-
tration service of tropical rain forests may be valued for
climate regulation, but locally the forest may be valued as fuel
wood. In economic terms these services are rival. Further
complications stem from the fact that many intermediate and
final ecosystem services are valuable, providing benefits to
humans, even if the stakeholders themselves do not perceive
the service. Climate regulation is an example of a vital service
for human wellbeing that is probably not perceived by a large
portion of the earth's population.

3.6. Characteristics and interactions

The discussion of the above characteristics was limited and
stylized as the goal of this section is to illustrate how certain
characteristics will be important for certain decision contexts.
Clearly all of the characteristics above interact in significant
ways. For example, the public good provision of climate re-
gulation from carbon storage and sequestration occurs on a
global scale. The beneficiaries are also a global distribution.
This formerly non-rival good of the atmosphere as a carbon
sink is becoming congested and therefore rival. In light of the
nature of this good a supranational organization, or interna-
tional agreement, like Reduced Emissions from Deforestation
and Degradation (REDD) or Kyoto will be necessary (Sandler,
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1998). This intervention response is different than would be
needed for a congestible public good provided at local scale.
For example, a recreational beach might require access fees.
These interacting characteristics: the public good, spatial
scale, benefit dependence and complexity (through congest-
ibility as a function of social systems and biophysical proper-
ties), all combine together with the specific decision context to
condition an appropriate classification system. A myriad of
responses for decision making in these two examples may
include access fees, change in property rights, taxes, subsidies,
tradable permits, regulation, or devices to change individual or
group incentives (Turner, 1999). These responses will be
informed by some of the key characteristics discussed above.
The nature of these interactions among characteristics,
decision contexts and ecosystem service classification is the
focus of the following section.
4. Classifications, decision contexts and moti-
vations

There have been several efforts to classify ecosystem services
(e.g. de Groot et al., 2002; MA 2005; Wallace, 2007). The
dynamic complexity of ecosystem processes and the innate
characteristics of ecosystem services (some noted above)
should have us thinking about several different types of
classification schemes (Costanza, 2008). Any attempt to come
up with a single or fundamental classification system should
be approached with caution. Also, ecosystem services are
innately linked to social systems and social decisions and
therefore, the decision context for utilizing ecosystem services
research is also crucial for mobilizing the ecosystem services
concept. Here we use the term decision context to mean the
broad spectrum of processes which lead to social choices.
Decision context therefore signifies aspects of social choice
from information gathering and communication processes,
through analyses, implementation and ex-post appraisal.
Here we suggest how the decision context linked to the
characteristics discussed above can help to decide which
classification scheme is most appropriate for use (Fig. 2). We
provide several examples below.

4.1. Understanding and education

One decision context for utilizing the concept of ecosystem
services might be to promote understanding and to educate a
larger public about the services and benefits that well
functioning ecosystems provide to humans. This was one
major focus of the MA and its classification scheme was fit for
purpose. The MA divided ecosystem services into a few very
understandable categories — supporting services, regulating
services, provisioning services and cultural services. This
classification utilized the complexity characteristic of ecosys-
tems and the public–private good dynamic to draw distinct
boundaries of different ecosystem services. For example, by
acknowledging the many interconnections among ecosystem
components and processes the MA classification placed sup-
porting services as an underpinning to the other service
categories. This in turn makes their classification readily
accessible as a heuristic — one of the key goals of the MA.
4.2. Cost–benefit analysis as an aid to environmental
decision-making

If the goal or decision context utilizes economic valuation of
ecosystem services then the MA classification is not appro-
priate and some other scheme should be utilized. This is due
to the fact that the MA classification could lead to double
counting the value of some ecosystem services. For example,
in the MA, nutrient cycling is a supporting service, water flow
regulation is a regulating service, and recreation is a cultural
service. However, if you were a decision maker contemplating
the conversion of a wetland and utilized a cost–benefit
analysis including these three services, you would commit
the error of double counting. This is because nutrient cycling
and water regulation both help to provide the same service
under consideration, providing usable water, and the MA's
recreation service is actually a human benefit of that water
provision.

For valuation purposes a classification scheme that divides
ecosystem services into intermediate services, final services,
and benefits would be more appropriate. With this definition,
ecosystem processes and structure are ecosystem services, but
they can be considered as intermediate or as final services,
depending on their degree of connection to humanwelfare (see
Aylward and Barbier (1992) for an early example of this). The
same service can also be both intermediate and final depending
on the benefit of interest. This classification scheme recognizes
that ecosystemsare complex, and rather thanunderstandingall
of the complexity we just have to be clear about some final
services and benefits with which we are concerned. In doing so
it also appreciates the benefit dependence characteristic. This
classification avoids any potential double counting problem
because youwould only value the final benefits, and hence is fit
for purpose in a valuation context. For example Ricketts et al.
(2004) estimate the importanceofwild pollination bypollinators
(service) by enumerating the yield benefit and associated
economic returns due to pollinator populations of coffee
beans (benefit) in Costa Rica.

Despite the fact that environmental valuation is an
important tool for evaluating non-market goods (see Fig. 3), it
is not useful in all cases of environmental decision-making,
nor is it unproblematic. First, the complexity of ecological
systems and the services they generate inhibits both our social
understanding of the benefits as well as our ability to place a
monetary value on them. For example, economic valuation
works on marginal changes, i.e. how will a small change in
quantity X affect its value (often realized by market price).
Exactly what constitutes a marginal change in regards to
ecosystem processes and services is not always clear (Turner
et al., 1998; Daily et al., 2000), and price changes (for example
for water used for irrigation) will likely not reflect the
“ecological quantities” important for the delivery of that be-
nefit (Gowdy and Erickson, 2005).

Also, the values people place on environmental goods and
services, through statedpreferences techniques, are susceptible
to a rangeof inconsistencies. For instance, studiesofwillingness
to pay (WTP) have shown that the values elicited are often
reference dependent (Bateman et al., 1997a); show a part–whole
bias where the parts are valuedmore than the whole (Bateman
et al., 1997b); and are highly malleable in response to (mis)



Fig. 5 –Possible spatial relationships between service
production areas (P) and service benefit areas (B). In panel 1,
both the service provision and benefit occur at the same
location (e.g. soil formation, provision of raw materials). In
panel 2 the service is provided omni-directionally and
benefits the surrounding landscape (e.g. pollination, carbon
sequestration). Panels 3 and 4 demonstrate services that
have specific directional benefits. In panel 3, down slope
units benefit from services provided in uphill areas, for
example water regulation services provided by forested
slopes. In panel 4, the service provision unit could be coastal
wetlands providing storm and flood protection to a coastline.
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information provided (MacMillan et al., 2006). There is also the
problem of incommensurability (see Aldred, 2002) i.e. can we
meaningfully encompass the values of goods that fall outside the
privategoodsbox inFig. 4?Forexample,would it beappropriate to
add values elicited from people regarding biodiversity existence
to market-based values for timber provision?

Despite these limitations, there isa legitimateandmeaningful
role for market transactions (and values) and related human
behavior in the environmental domain. All policy choices are
made by humans, and therefore some conception of “prefer-
ences” and their human motivations lie behind any environ-
mental policy and its relative values. The classification system
described here forces one to link complex ecosystem processes
and services to benefits perceived to be important by the specific
users of an ecosystem services evaluation. From the list of final
benefits generated under this classification, users will have to
decide for which benefits it is appropriate andmeaningful to use
economicvaluation. For example, processesoccurring ina sacred
forest may contribute benefits to a local population such as
drinkingwater andspiritual fulfillment, butwemightnotwant to
enumerate a value for the latter, let alone add it to the former.

4.3. Landscape management

Another way to classify ecosystem services would be to use
their spatial characteristics. This might be appropriate if the
decision context was how tomanage a given landscape for the
provision of ecosystem services across scales. Looking at
species patterns, Polasky et al. (2005) found that by under-
standing the spatial patterns of biodiversity, thoughtful land-
use planning can achieve conservation successes outside of
reserves with little effect on potential or realized economic
uses of a landscape. In a similar vein, it will be important for
managers to know what other services are provided on the
landscape and how these services flow across that landscape.
The European Union's Habitats and Water Framework Direc-
tives is taking such a tack by incorporating spatio-temporal
characteristics of natural systems into policy solutions.
Utilizing the spatial characteristics a classification scheme
might involve categories that describe relationships between
service production and where the benefits are realized (Fig. 5).
Such a classification might include categories such as:

• in situ—where the services are provided and the benefits are
realized in the same location

• omni-directional — where the services are provided in one
location, but benefit the surrounding landscape without
directional bias

• directional — where the service provision benefits a specific
location due to the flow direction.

Aclassificationschemeassuchcouldalsousescalequalifiers,
such as local omni-directional (e.g. pollination), and regional
directional (flood protection). Understanding the distribution of
services and benefits across a landscape (or seascape) as well as,
knowing where the services are provided informs where
management interventions should be concentrated (Chan et
al., 2006; Naidoo and Ricketts, 2006). Classifying ecosystem
services in this way recognizes such characteristics as the
spatio-temporal dynamics of ecosystems, public–private good
aspects, and benefit dependence of services. This distributional
classification can also highlight the possibility of cases where
beneficiariesmight compensateproviders suchas inpayments for
environmental services schemes, an example being payments for
forest carbon storage to cover the opportunity costs of margin-
alized poor (see Pfaff et al., 2007) or as often the case, absentee
landowners (Pagiola et al., 2005). Another example is where
downstream water users compensate upslope landowners for
leaving their property forested for water regulation purposes.

4.4. Public policy and equity in human welfare

Through the economic concept of an externality — where the
action of one agent brings about an inadvertent gain or loss to
another without payment or compensation — economists
have been long interested in the effects that changes in
environmental quality can have onwelfare. Thework of Alfred
Marshall and A.C. Pigou in the late 19th and early 20th
centuries on externalities and common property problems,
laid early foundations for the future of environmental eco-
nomics (Laffont, 1987).With regards to ecosystemservices, one
person's harvesting of timber may preclude another person's
benefit of bushmeat due to declining habitat. The linked effect
that the human economyhas on the environment and that the
environment has on the human economy is difficult to assess
since the externalities reverberate throughout these complex
social and ecological systems (Crocker and Tschirhart, 1992).
Dynamic modeling of complex systems can help to identify
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unintended consequences and their patterns of distribution
across these linked systems (Boumans et al., 2002; Finnoff and
Tschirhart, 2003).

In light of externalities and distribution issues, one possibly
important classification schemeconsiders thedecision context of
how ecosystem services relate to equity in the provision of
humanwelfare. This is important as it is now generally accepted
that diminishing environmental quality disproportionately
affects people more marginalized by the market economy
(Dasgupta, 2002). The decision context might be a government
interested inmeasuringhow thenatural environment distributes
and provides services and consequent benefits across their cons-
tituents. This is made complex by the fact that stakeholders at
different spatial scales have different interests in ecosystem
services (Hein et al., 2006). For example, the benefits people
receive from existence values of biodiversity might conflict with
benefits impoverishedpeople receive fromconvertingbiologically
diverse habitats, where poverty and species diversity have been
shown to be highly correlated (MA, 2005; Fisher and Christopher,
2007). In this decision context several characteristics are impor-
tant for consideration including — public–private goods aspect,
spatio-temporal dynamic and how services are benefit specific.
Linking these characteristics to the decision context (i.e. fulfilling
human needs and wants) can be set out in a hierarchical
classification as found in Wallace (2007). Here an ecosystem
service classification starts with basic needs — which Wallace
labels adequate resources. Other categories include protection from
predators, disease, parasites;benign physical and chemical environment;
and socio-cultural fulfillment. Dividing services in this way can
provide decision-makers with information about what level of
people's needs are beingmet in a given landscape by ecosystems
and their services.

4.5. Meeting multiple objectives

Decisionmakers areoften trying tomeetmultiple objectives, or to
getan ‘acceptable'balance ifobjectivesconflict. In this context, for
example, the decision of a nation to gazette a new national park
could require decision makers to 1) educate the public about the
benefits of this decision, 2) attempt to ensure the equitable
distribution of benefits 3) impute an economic valuation of the
services provided by the park and 4) consider landscapemanage-
ment issues inside of and adjacent to the park. The different
policy requirements may all be informed by an agreed upon
definition of ecosystem services, and some of the key character-
istics of the system of interest (e.g. what types of goods will be
provided). Given multiple objectives some form of multi-criteria
assessment will be required which will be anchored to the
component analysis and their tailored approach.

Appropriately classifying or packaging ecosystem services
is not difficult, but it must be consistent with the end use. One
slight difficulty with classification is due to the confusion and
imprecision currently surrounding the ecosystem services
concept (Boyd, 2007; Barbier, 2007). Referring back to Fig. 2
and two papers in the literature, Boyd and Banzhaf (2007)
and Wallace (2007), we see that these steps make intuitive
sense. Both papers key in on a precise definition1, and use their
1 These two papers use different definitions but use them
consistently within their purpose.
particular decision context (green GDP and landscape mana-
gement, respectively) to package ecosystem services that are
appropriate and meaningful in light of these contexts. They
of course take into account the complex characteristics of
the service provision to help in this classification. Boyd and
Banzhafs' interest is in a greenGDP index that is comparable to
conventional GDP. The things that need to be counted in green
GDP are the ‘end products' of natural systems which directly
affect welfare — Boyd's definition of services (Boyd, 2007).
Taken together, this definition and decision context — green
GDP for tracking a nation's environmental state — set up a
classification for what should and should not be considered as
ecosystemservices.One ofmanykey characteristics taken into
account here is the benefit dependence of the services, so that
a wetland is not counted for producing quality water, (as the
wetland is not an end product), but is counted for flood
attenuation (Boyd and Banzhaf, 2007). Another classification
schemewouldhave been inappropriate givenBoyd's definition
and decision context.
5. Conclusions

Ecosystem services research is a rapidly evolving field, andwhile
the term itself may be relatively new, an understanding that
natureprovides services forhumanwelfaregoesback to themyth
of Eden. In some respects it is still early days for concerted
scientific research into ecosystem services. However, consistent
and robustmeans ofmeasuring,mapping,modeling, and valuing
ecosystem services are beginning to emerge (Ricketts et al., 2004;
Naidoo andRicketts, 2006; Chan et al., 2006; Naidoo et al., 2008). In
this paper we argue that, as a first step, having a consistent, and
ecologically based definition of ecosystem services in important.
Since theconceptof ecosystemserviceshasbecomeamajor topic
of study and a critical criterion for conservation assessments
(Egoh et al., 2007) it is important that it is clearly defined allowing
meaningful comparisons across timeand space (Boyd, 2007; Boyd
and Banzhaf, 2007; Wallace, 2007). While a single definition is
important, attempts to create a single classification scheme for
ecosystem services is unlikely to be helpful. Ecosystem services
are a function of complex interactions among species and their
abiotic environment; complex use and utilization patterns; and
various perceptions by beneficiaries. Since linked ecological–
economic systems are complex and evolving, a ‘fit-for-purpose’
approach should be considered in creating clear classifications.
Consideringall theparts to ecological systemof interest is crucial,
but so to is considering the social and political contexts within
which ecosystem services are being investigated or utilized.

Utilizing an inappropriate classification can lead to pro-
blems for meaningful and robust research results. We have
seen problems with double counting in the published litera-
ture, submitted manuscripts and government documents due
to the misuse of the MA classification system. In fact, in a
forthcoming review of ecosystem service studies only one
of 34 studies examined explicitly acknowledged the double
counting problem in environmental valuation of ecosystem
services (Fisher et al., in press). A similar problem would arise
if we tried to utilize a classification based on the spatial–
temporal aspects of ecosystem services for educating a broad
range of stakeholders, from decision-makers to the lay public.
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It would likely prove to be more involved than necessary and
not foster buy in, where the MA classification, for example, is
well suited for the communication of this type of complex
information.

In conclusion, decisions that necessitate the understanding
of ecosystem services are often social decisions, or at least
have public consequences. Science, writ large, can tell us what
ecosystem services are; how to monitor; measure; and value
such things. Social processes tell us what issues and perspec-
tives are important in the short term, and what information is
actually utilized by decision makers. There are often times
where society does not have the scientific information tomake
appropriate long-term decisions. There are also times where
the scientific information may not be all that important
for social decisions (e.g. GM foods in Europe). This commu-
nication–information dynamic will be true for ecosystem
services research as well. There is an obvious need for
scientists to more clearly communicate findings to the public
and decisionmakers. To effectively use the ecosystem services
concept in decision-making will require a clear understanding
of the concept (definition and characteristics). Doing this in a
transparent and appropriate way (classifications) should
enable us to expose entry points for science to inform, rebut,
and debate society's understanding of the issue, and con-
versely it should provide scientists with information about
what is deemed important by the public and decision makers.
Acknowledgements

The initiation of this work came out of the Valuing Wild
Nature workshop (University of East Anglia March 12–16th
2006) sponsored by the Royal Society for the Protection of
Birds, Natural England, and the UK Government's Department
for Environment, Food and Rural Affairs. Brendan Fisher was
supported by RSPB and the Leverhulme Trust. We would like
to thank Jim Boyd and Shuang Liu for commenting on earlier
versions of the manuscript, and two anonymous referees for
their suggestionswhich greatly improved themanuscript. The
spatial context of ecosystem service delivery ideas came out of
fruitful conversations with Andrew Balmford, Robert Cost-
anza, Shuang Liu, Rhys Green, Trent Malcolm, Robin Naidoo,
and Taylor Ricketts — much is owed to their insight.

R E F E R E N C E S

Aldred, J., 2002. Cost–benefit analysis, incommensurability and
rough equality. Environmental Values 11 (1), 27–47.

Allison, G., 2004. The influence of species diversity and stress
intensity on community resistance and resilience. Ecological
Monographs 74 (1), 117–134.

Aylward, B., Barbier, E.B., 1992. Valuing environmental functions in
developing-countries. Biodiversity and Conservation 1 (1), 34–50.

Barbier, E.B., 2007. Valuing ecosystem services as productive
inputs. Economic Policy 49, 178–229.

Bateman, I., Munro, A., et al., 1997a. A test of the theory of
reference-dependent preferences. Quarterly Journal of
Economics 112 (2), 479–505.

Bateman, I., Munro, A., et al., 1997b. Does part–whole bias exist?
An experimental investigation. Economic Journal 107 (441),
322–332.
Boumans, R., Costanza, R., et al., 2002. Modeling the dynamics of
the integrated earth system and the value of global ecosystem
services using the GUMBO model. Ecological Economics 41 (3),
529–560.

Boyd, J., 2007. Nonmarket benefits of nature: what should be
counted in green GDP. Ecological Economics 61 (4), 716–723.

Boyd, J., Banzhaf, S., 2007. What are ecosystem services? The need
for standardized environmental accounting units. Ecological
Economics 63 (2–3), 616–626.

Carpenter, S.R., DeFries, R., et al., 2006. Millennium ecosystem
assessment: research needs. Science 314 (5797), 257–258.

Chan, K.M.A., Shaw, M.R., et al., 2006. Conservation planning for
ecosystem services. Plos Biology 4, 2138–2152.

Costanza, R., 2008. Ecosystem services: multiple classification
systems are needed. Biological Conservation 141 (2),
350–352.

Costanza, R., dArge, R., et al., 1997. The value of the world's
ecosystem services and natural capital. Nature 387 (6630),
253–260.

Crocker, T.D., Tschirhart, J., 1992. Ecosystems, externalities and
economics. Environment and Resource Economics 2, 551–567.

Daily, G.C., 1997a. Introduction: what are ecosystem services. In:
Daily, G.C. (Ed.), Nature's Services. Island Press, Washington
DC, pp. 1–10.

Daily, G.C. (Ed.), 1997b. Nature's Services: Societal Dependence on
Natural Ecosystems. Island Press, Washington, DC.

Daily, G.C., Soderqvist, T., et al., 2000. Ecology — the value of
nature and the nature of value. Science 289 (5478), 395–396.

Dasgupta, P., 2002. Economic development, environmental
degradation, and the persistence of deprivation in poor
countries. Johannesburg, World Summit on Sustainable
Development.

de Groot, R.S., Wilson, M.A., et al., 2002. A typology for the
classification, description and valuation of ecosystem
functions, goods and services. Ecological Economics 41 (3),
393–408.

Diamond, J., 2005. Collapse: How societies choose to fail or
succeed. Viking, New York.

Egoh, B., Rouget, M., et al., 2007. Integrating ecosystem services
into conservation assessments: a review. Ecological Economics
63 (4), 714–721.

Ehrlich, P.R., Ehrlich, A.H., 1981. Extinction: the causes and
consequences of the disappearance of species. RandomHouse,
New York.

Estes, J.A., Tinker, M.T., et al., 1998. Killer whale predation on sea
otters linking oceanic and nearshore ecosystems. Science 282
(5388), 473–476.

Farley, J., Daly, H.E., 2004. Ecological Economics. Island Press,
Washington DC. 454 pp.

Finnoff, D., Tschirhart, J., 2003. Harvesting in an eight-species
ecosystem. Journal of Environmental Economics and
Management 45 (3), 589–611.

Fisher, B., Christopher, T., 2007. Poverty and biodiversity:
measuring the overlap of human poverty and the biodiversity
hotspots. Ecological Economics 62 (1), 93–101.

Fisher, B., Turner, R.K., 2008. Ecosystem services: classification for
valuation. Biological Conservation 141, 1167–1169.

Fisher, B., Turner, R.K., et al., in press. Integrating Ecosystem
Services and Economic Theory. Ecological Applications.

Gowdy, J., Erickson, J., 2005. Ecological economics at a crossroads.
Ecological Economics 53 (1), 17–20.

Hein, L., van Koppen, K., et al., 2006. Spatial scales, stakeholders
and the valuation of ecosystem services. Ecological Economics
57 (2), 209–228.

Hooper, D.U., Chapin, F.S., et al., 2005. Effects of biodiversity on
ecosystem functioning: a consensus of current knowledge.
Ecological Monographs 75 (1), 3–35.

Hughes, A.R., Stachowicz, J.J., 2004. Genetic diversity enhances the
resistance of a seagrass ecosystem to disturbance. Proceedings



653E C O L O G I C A L E C O N O M I C S 6 8 ( 2 0 0 9 ) 6 4 3 – 6 5 3
of the National Academy of Sciences of the United States of
America 101 (24), 8998–9002.

Ives, A.R., Gross, K., et al., 1999. Stability and variability in
competitive communities. Science 286 (5439), 542–544.

Jax, K., 2005. Function and functioning in ecology: what does it
mean. OIKOS 111 (3).

Kremen, C., 2005. Managing ecosystem services: what do we
need to know about their ecology. Ecology Letters 8 (5),
468–479.

Laffont, J.J., 1987. Externalities. In: Eatwell, J., Milgate, M., Newman,
P. (Eds.), The New Palgrave Dictionary of Economics. The
MacMillan Press Limited, London.

Limburg, K.E., O'Neill, R.V., et al., 2002. Complex systems and
valuation. Ecological Economics 41 (3), 409–420.

Macarthur, R., 1955. Fluctuations of animal populations, and a
measure of community stability. Ecology 36 (3), 533–536.

MacMillan, D., Hanley, N., et al., 2006. Contingent valuation:
environmental polling or preference engine. Ecological
Economics 60 (1), 299–307.

Millennium Ecosystem Assessment. Washington, DC, Island
Press.

Mooney, H., Ehrlich, P., 1997. Ecosystem services: a fragmentary
history. In: Daily, G.C. (Ed.), Nature's Services. Island Press,
Washington DC, pp. 11–19.

Naeem, S., Li, S.B., 1997. Biodiversity enhances ecosystem
reliability. Nature 390 (6659), 507–509.

Naidoo, R., Balmford, A., Costanza, R., Fisher, B., Green, R.E.,
Lehner, B., Malcolm, T.R., Ricketts, T.H., 2008. Global mapping
of ecosystem services and conservation priorities. Proceedings
of the National Academy of Sciences 105 (28), 9495–9500.

Naidoo, R., Ricketts, T.H., 2006. Mapping the economic costs and
benefits of conservation. Plos Biology 4 (11), 2153–2164.

Nystrom, M., Folke, C., 2001. Spatial resilience of coral reefs.
Ecosystems 4 (5), 406–417.

Pagiola, S., Arcenas, A., et al., 2005. Can payments for environ-
mental services help reduce poverty? An exploration of the
issues and the evidence to date from Latin America. World
Development 33 (2), 237–253.

Petchey, O.L., McPhearson, P.T., et al., 1999. Environmental
warming alters food-web structure and ecosystem function.
Nature 402 (6757), 69–72.

Pfaff, A., Kerr, S., et al., 2007. Will buying tropical forest carbon
benefit the poor? Evidence from Costa Rica. Land Use Policy 24
(3), 600–610.

Polasky, S., Nelson, E., et al., 2005. Conserving species in a working
landscape: land use with biological and economic objectives.
Ecological Applications 15 (4), 1387–1401.

Ponting, C., 1993. A Green History of the World. Penguin Books,
London.

Ricketts, T.H., Daily, G.C., et al., 2004. Economic value of tropical
forest to coffee production. Proceedings of the National
Academy of Sciences of the United States of America 101 (34),
12579–12582.

Sachs, J.D., Reid, W.V., 2006. Environment — investments toward
sustainable development. Science 312 (5776), 1002.

Sandler, T., 1998. Global and regional public goods: a prognosis for
collective action. Fiscal Studies, 19, 221–247.

Tilman, D., 1996. Biodiversity: population versus ecosystem
stability. Ecology 77 (2), 350–363.

Turner, R.K., 1999. Markets and environmental quality. In: Clark, G.L.,
Feldman, M.P., Gertler, M.S. (Eds.), The Oxford Handbook of
Economic Geography, pp. 585–606.

Turner, R.K., Adger, W.N., et al., 1998. Ecosystem services value,
research needs, and policy relevance: a commentary.
Ecological Economics 25 (1), 61–65.

Turner, R.K., Paavola, J., et al., 2003. Valuing nature: lessons
learned and future research directions. Ecological Economics
46 (3), 493–510.

Wallace, K.J., 2007. Classification of ecosystem services: problems
and solutions. Biological Conservation 139 (3–4), 235–246.

Westman, W., 1977. How much are nature's services worth.
Science 197, 960–964.


	Defining and classifying ecosystem services for decision making
	Introduction
	Defining ecosystem services
	Characteristics of ecosystems and ecosystem services
	Public–private good aspect
	Spatial and temporal dynamism
	Joint production
	Complexity
	Benefit dependence
	Characteristics and interactions

	Classifications, decision contexts and motivations
	Understanding and education
	Cost–benefit analysis as an aid to environmental decision-making
	Landscape management
	Public policy and equity in human welfare
	Meeting multiple objectives

	Conclusions
	Acknowledgements
	References




