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ABSTRACT

Ecosystem values are not well accounted for in decisions concerning natural resources. In
this context, the concept of ecosystem services offers an important opportunity to develop
a framework to underpin the wise use of biodiversity and other natural resources.
Although the merit of using ecosystem services to frame biodiversity evaluations has been
documented, the classification systems employed mix processes (means) for achieving ser-
vices and the services themselves (ends) within the same classification category. This lim-
its their contribution to decisions concerning biodiversity. Ambiguity in the definitions of
key terms - such as ecosystem processes, functions and services — exacerbates this situa-
tion.

After clarifying definitions and discussing the basic components of an effective typology,
this paper develops a classification of ecosystem services that provides a framework for
decisions in natural resource management. However, further work is still required to

Values resolve particular issues, such as the classification of socio-cultural services.
Although science can contribute to effective decisions by clearly classifying services and
describing their links to processes, final decisions concerning biodiversity and other natu-
ral resources are inevitably socio-political, and embedded within a particular cultural
context.
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1. Introduction

Ecosystem services are increasingly promoted as a means for
documenting the values humans place on ecosystems and
evaluating benefits derived from natural resources (Costanza
et al., 1997; De Groot et al., 2002; Abel et al., 2003; Chee, 2004;
Groffman et al., 2004; Eamus et al., 2005; Kremen, 2005; Mil-
lennium Ecosystem Assessment, 2005; Farber et al., 2006).
This is an important trend, and particularly important in
the case of biodiversity conservation where values are often
difficult to describe in economic terms and rarely well-ex-
plained in natural resource decisions.

If ecosystem services are to provide an effective frame-
work for natural resource decisions, they must be classified
in a way that allows comparisons and trade-offs amongst
the relevant set of potential benefits. In the language of the
Millennium Ecosystem Assessment (2005), this means that
the full range of benefits reflecting human well-being from
ecosystems must be represented in any effective typology of
ecosystem services.

However, the classification of ecosystem services by lead-
ing practitioners, such as Costanza et al. (1997), De Groot
et al. (2002), Millennium Ecosystem Assessment (2005), and
Farber et al. (2006) mix processes (means) for achieving ser-
vices and the services themselves (ends) within the same
classification category. Although these papers are very valu-
able works, their classifications thus present inherent prob-
lems for decision-makers, an issue explored below. The
same problem arises within general texts and applied uses
of ecosystem services and similar valuations (for example,
Abel et al., 2003; Groffman et al., 2004; Anielski and Wilson,
2005; Kremen, 2005; Naiman et al., 2005).

The aim of this paper is to describe the current problems
with classification systems and then build a consistent logic
connecting human values to the implications of decisions
concerning management of natural resources. Ecosystem ser-
vices, defined and classified as benefits, are a vital link in this
decision process.

Texts examined concerning ecosystem services varied in
their definition and use of key terms, which leads to one as-
pect of linguistic uncertainty, an important problem in envi-
ronmental decision-making (Burgman, 2005). To avoid
ambiguity here, all the key terms are defined in Table 1 and
more fully explained in the Appendix.

If the definitions in Table 1 are accepted, then the relation-
ships shown in Fig. 1 are implied. Under this scheme, the
structure and composition of ecosystems at time 1 are modi-
fied by ecosystem processes to a new structure and composi-
tion at time 2. Although the flow of matter and energy
amongst the abiotic and biotic elements of ecosystems is a
continuous process, humans measure structure and compo-
sition at different points in time to derive rates of change in
processes and to quantify the distribution of matter (as eco-
system elements, generally assets) at particular instants.

We manage natural resources to maintain, or bring about a
change, in ecosystem composition and structure more
favourable to human well-being, which is taken here to incor-
porate spiritual/philosophical benefits, including ethical mat-
ters, as well as more material benefits. That is, we manage
ecosystem processes with the goal of re-organising ecosystem
elements to deliver ecosystem services that better meet hu-
man values. This practice is continuous and evolving with a
new ecosystem structure and composition when measure-
ments are made at time 3, time 4, and so on. This conceptual
model underpins the following discussion.

2. Problems with current classification
systems

For effective decisions, the classification of services must be
constructed so that the choices evaluated form a coherent
set with the properties described for multi-criteria decision
analysis by Burgman (2005). The Millennium Ecosystem
Assessment’s (2005, Table 2.2 pp. 33-7) classification of ser-
vices is representative of those in the current literature, and
a simplified version of the relevant table is included here as
Table 2. To test whether this classification system is well con-
structed, consider the case of a natural resource manager
responsible for an area containing a mixture of agricultural
land and natural vegetation.

The manager decides to use the list in Table 2 to ensure
that the selection of management outcomes is logically con-
structed, and selects the following as the key services for ini-
tial planning:

e Food
e Fibre (construction timber)
e Fresh water
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Table 1 - Definitions of key terms used in the text

Term Definition

Asset A thing of use (adapted from the Oxford Dictionary). Natural assets, natural
resources and natural capital are synonymous terms

Biodiversity The variety of life forms including the different plants, animals, fungi,

Biodiversity asset
Ecosystem

Ecosystem function

Ecosystem processes

Ecosystem services

Human values

microorganisms, etc. Use of the term is restricted to living things; therefore, the
diversity of ecosystems is excluded. Throughout the document the term
biodiversity refers to natural biodiversity unless otherwise stated, although the
term itself encompasses both natural and cultural biodiversity

A living entity, or group of living entities, that is of use to humans

A “functional entity or unit formed locally by all the organisms and their physical
(abiotic) environment interacting with each other” (Tirri et al., 1998). All the
ecosystems considered here contain at least some natural elements

Provided ecosystem services, processes, structure and composition are
adequately defined, this term is not required. Therefore, given that there is a
history of differing and ambiguous usage of the term, ecosystem function is
treated here as a synonym of ecosystem processes, and it is not used. See
‘ecosystem function’ in the Appendix for a definition of structure and
composition and further explanation

Ecosystem processes are the complex interactions (events, reactions or
operations) among biotic and abiotic elements of ecosystems that lead to a
definite result (based on Tirri et al., 1998). In broad terms, these processes involve
the transfer of energy and materials (Lyons et al., 2005). An important distinction
between ecosystem elements (both biotic and abiotic) and processes is that the
former are generally tangible entities described in terms of amount, while the
latter are operations and reactions and generally described in terms of rates (for
example, production per unit time)

Used here in the sense defined in the Millennium Ecosystem Assessment (2005, p.
1) as “the benefits people obtain from ecosystems.” These benefits include food,
water, timber, cultural values, etc., and are the outcomes sought through
ecosystem management. Use of the term ‘service’ in this context is somewhat
ambiguous - an issue discussed in the Appendix

The preferred end-states of existence, including those required for human
survival and reproductive success, which taken together circumscribe human
well-being

See Appendix for further explanation.

Time 1: Structure and composition of ecosystem

Natural elements include, for example:
. Natural biodiversity
. Land, including:

- Surface soils and regolith

- Geomorphology
- Minerals

. Water

. Air

. Energy (solar, coal, etc.)

Socio-cultural elements include, for example:

. Cultural biodiversity, including domestic stock and
humans

. Roads, buildings, cars, dwellings, white goods, etc.

. Energy (nuclear fission)

Ecosystem processes redistribute matter
and energy amongst assets, or evolve new
assets

Processes include, for example:
. Water cycle

gzngt 3’;5 Time 2: New. §tructure
and composition of

Energy cycle — > | ecosystem

Regulation of disease and pest

organisms

Photosynthesis

Air regulation

Flood regulation

Social processes

Economic processes

Fig. 1 - Description of the relationships among ecosystem elements and processes. (For simplicity it is assumed that natural
assets are the sum of biotic and abiotic ecosystem elements, rather than a sub-set only.)

e Pollination

e Water regulation

e Recreation and ecotourism

e Spiritual and religious values
¢ Photosynthesis

e Soil formation.

To explore planning implications, the manager constructs
a simple diagram outlining some of the ecological linkages
that will need to be managed (Fig. 2).

From the relationships shown in Fig. 2, it is evident that
pollination, water regulation, photosynthesis and soil forma-
tion are not ends that the manager will seek in their own
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Table 2 - Categories of ecosystem service and examples

of related services, based on Table 2.2 (p. 33) in the
Millennium Ecosystem Assessment (2005)

Type of service

Service

Provisioning services

Regulating services

Cultural services

Supporting services

Food
Fibre
Genetic resources

Bio-chemicals, natural

medicines, etc.

Ornamental resources

Fresh water

Air quality regulation

Climate regulation
Water regulation
Erosion regulation
Disease regulation
Pest regulation
Pollination

Cultural diversity

Spiritual and religious values
Recreation and ecotourism

Aesthetic values

Knowledge systems

Educational values

Soil formation
Photosynthesis

Primary production

Nutrient cycling
Water cycling

Sunlight
Rainfall

Soil/nutrient
formation

Atmosphere

Photosynthesis,
pollination:
Biomass
production as
natural vegetation

right. Rather, they are all means (processes) to achieve ends
(services) such as food production and potable water. That
is, the manager will pursue the management of these pro-
cesses to the degree necessary to provide the quantities of
food, fibre for construction, or spiritual experiences, and so
on consistent with the overarching goals of management.

Thus the set of services listed in Table 2 are not a coherent
set of services at the same level that can be explored and
traded off in a decision system. Processes such as pollination,
soil formation and water regulation are means of delivering
many services. Using the definitions provided above, they
are unequivocally ecosystem processes, and this immediately
indicates that they are means to achieve services, not the ser-
vices themselves.

A close examination of the arrangement outlined in Table
2 confirms these difficulties. At the broadest classification of
service type - that is, the provisioning, regulating, cultural,
and supporting categories — regulating and supporting ser-
vices are, with one or two exceptions, means to achieving
items listed under provisioning or cultural services. As argued
above, water and erosion regulation are not in their own right
services sought by humans, they are processes to achieve po-
table water, or to protect food and fibre resources, and so on.
A similar argument applies to the service of pollination,
which is a means of fulfilling one or more of the provisioning
services. That is, the regulating services as defined in Table 2
are means to achieve ends. Equally, the supporting services
listed in Table 2, such as nutrient and water cycling, are all
means to human ends; they are not ends in themselves.

Recreation in
natural
environments

Production of
structural
timber

Environmentally
benign temperature
(through building)

Surface water flows,
water of a quality
equivalent to that
which has been given
primary water
treatment

Spirititual/intrinsic
benefits

Photosynthesis,
pollination:
Biomass
production as
crops

/'

Secondary water
treatment

Surface water
flows

/ \ Potable Water

Primary water
treatment

Food for
domestic
consumption

Fig. 2 - Simplified scheme of the ecosystem pathways for delivering five ecosystem services (right side).
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Based on this analysis, an examination of the classifica-
tions of ecosystem services used by a range of authors includ-
ing Costanza et al. (1997), De Groot et al. (2002), Abel et al.
(2003), Groffman et al. (2004), Anielski and Wilson (2005), Ea-
mus et al. (2005), Naiman et al. (2005), De Groot (2006), Farber
et al. (2006); show that means and ends are mixed within the
same category level and therefore the typologies cannot be
used for effective decision-making.

Some authors have addressed aspects of this problem. For
example, Hein et al. (2006) combine the regulating and provi-
sioning service categories into a single class of regulating ser-
vices. They also recognise that in valuing ecosystem services
many of the regulating services underpin more than one ser-
vice and there is thus a risk of double counting. However,
rather than reconstructing the classification system they pro-
vide rules governing when to include regulating services in
valuations. In contrast, a re-structured classification of eco-
system services is proposed here that removes the risk of
double counting as well as dealing with other anomalies that
prevent managers using typologies such as those shown in
Table 2 in effective decision systems.

3. Components of an effective classification of
ecosystem services

An effective typology of ecosystem services is underpinned
by:

1. A minimum set of sharply defined terms that effectively
encompass the topic.

2. Clarity concerning the terms used to characterise services.

3. Specification of the point at which linked processes deliver
a service.

Definition of terms (1) was dealt with above and is further
elaborated in the Appendix. Items (2) and (3) are discussed be-
low as a basis for the proposed classification of ecosystem
services that follows.

3.1. Terms used to characterise services

Based on the work of the Millennium Ecosystem Assessment
(2005), the full range of benefits reflecting human well-being
from ecosystems must be represented in any effective
description of ecosystem services. From the definitions pro-
vided in this document, and the ecosystem components
shown in Fig. 1, this aspect resolves into the question: Should
ecosystem services arising from natural resource manage-
ment be described primarily in terms of delivering a particu-
lar structure and composition of ecosystems, or in terms of
maintaining a certain range, redundancy and intensity of eco-
system processes?

This question is not one of relative importance - ecosys-
tems do not exist without both biotic and abiotic elements,
and processes. Rather, the issue is whether in planning the
management of natural resources we should focus primarily
on ecosystem elements (or assets) to define goal options, or
on ecosystem processes. It is argued here that the definition
of goal options, and therefore services, should be in terms
of ecosystem elements for three reasons.

Firstly, it is reasonable to assume that ecosystem resilience
(as defined by Walker et al., 2004) is partly dependent on there
being redundancies in ecosystem processes linked to the level
of biodiversity (Main, 1981, 1992; Hooper et al., 2005); for
example, many alternative pathways for nitrogen fixation.
Therefore, an ecosystem’s resilience and ability to continue
producing services could be characterised in terms of ecosys-
tem processes. Measures might include the types, rates and
redundancy in processes at a particular site. However, at
any one site we generally have a poor understanding of the
full range of ecosystem processes and their interaction with
ecosystem elements (Brooks et al, 2004). For instance,
although our knowledge of some food webs (nutrient pro-
cesses) is quite sophisticated, there is still considerable uncer-
tainty about predicting the outcomes of change (Harris, 1988;
Pimm, 1991; Hooper et al., 2005). We know even less about
how multiple fluxes and cycles link to the composition and
structure of particular ecosystems. While ecosystem ele-
ments, and particularly biodiversity, are also difficult to mea-
sure, we invariably have far more information about them
than processes at a given site. The structure and composition
of ecosystems are also more readily observed and measured.

Therefore, structure and composition are better surrogates
for ecosystem processes than vice versa. As noted by Anger-
meier and Karr (1994, p. 694): “In practice, [biotic] elements
are used more frequently than processes as indicators of
integrity because elements are typically more sensitive to
degradation, more fully understood, and less expensive to
monitor. Thus, biodiversity is an important indicator of bio-
logical integrity”.

Further supporting this conclusion is that we use undesir-
able changes in ecosystem composition or structure to signal
that processes are threatening the human values of systems.
In south-west Western Australia, the decline in abundance
and distribution of medium-sized native mammals was a sig-
nal that one or more threatening processes were at work.
Researchers investigated a range of processes before finding
that predation by the introduced fox (Vulpes vulpes) was one
of the major factors in the decline of native mammals (Kin-
near et al., 2002).

Secondly, if we measure success in terms of maintenance
of ecosystem processes, then given our lack of knowledge, it
is likely that we would manage a limited subset of processes
inadequate to support the range of ecosystem assets required
for a satisfactory level of human well-being. Many species, or
genotypes, or assemblages, may be considered irrelevant to
maintaining key processes, and from a management perspec-
tive based solely on processes, their extinction would not be
considered an issue. Both Angermeier and Karr (1994) and
Hooper et al. (2005) note that maintenance of some ecosystem
processes is not affected by the extinction of particular
species.

Finally, humans measure their well-being either in terms
of tangible benefits, such as food, water, property, gold, luxury
goods; or in term of abstract benefits such as a sense of being
loved, or contentment. In both cases the benefits are ex-
pressed in terms of quantity, not in terms of whether the
nitrogen or carbon or political cycles are working adequately.
If we are to engage a wide range of people in natural resource
decisions, particularly those relating to biodiversity, then the
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measures used to evaluate options must be in concrete terms
that are overtly relevant to the daily lives of people.

In conclusion, it is argued that goal options and ecosys-
tem services should be described in terms of the structure
and composition of ecosystem elements or their surrogates.
In this context, the task of managers is to influence ecosys-
tem processes to ensure that the composition and structure
of ecosystem elements continuously delivers human well-
being.

3.2.  Point at which linked processes deliver a service

Ecosystem services are defined above as the benefits people
obtain from ecosystems, a seemingly unambiguous end-
point for decision purposes. However, different benefits
may themselves be linked through processes. For example,
cereal crops may either be used directly as food by humans,
or fed to animals which are then eaten. At what point then,
does the service arise? It is important to resolve this ques-
tion otherwise double-counting of services may occur and
decision sets may be constructed that do not form a logical
set. The position taken here is that the point at which an
ecosystem directly provides an asset that is used by one
or more humans is the relevant end of a causal chain,
the delivery of a service. In the above example, the point
at which the asset is consumed by one or more humans
is the point where the service occurs and should be
evaluated.

This approach ensures that all services are equal in that
they will always be ecosystem assets that are directly used
or otherwise of benefit to individual humans. This is consis-
tent with economic cost-benefit analyses where intermediate
biophysical effects are ignored while related benefits are eval-
uated (Sinden and Thampapillai, 1995).

This discussion highlights the potential for ambiguity in
endpoints, an issue that also arises in the next section where
services are grouped according to the values they support. In
this regard, it is assumed here that humans are individual
organisms ultimately seeking to achieve values (see Appendix
for details), the sum of which measure human well-being.
These values are focused on survival and reproduction, but
also reflect the aspiration of individuals to survive and repro-
duce under comparatively benign conditions. That is, hu-
mans do not make decisions concerning their lives merely
to obtain the bare minimum to survive and reproduce, but
to do this with a reasonable quality of life. The broad compo-
nents that make up a reasonable quality of life are likely to be
consistent across cultures, but the relative weighting, specifi-
cation and means of achieving these components will vary
among cultures and among individuals from any one culture.
This is consistent with the second of Rokeach’s (1973 p. 5) five
assumptions concerning the nature of human values, namely
that “all men everywhere possess the same values to varying
degrees”.

Thus, it is possible to examine trade-offs and other aspects
of decisions at either the level of services or the level of val-
ues. This should not cause difficulties provided decisions
are made among either services or values, not a mixture of
both, and the set of endpoints chosen are relevant to the goal
driving the decision.

Having resolved that the structure and composition of
ecosystem elements are the form in which ecosystem ser-
vices and human well-being should be defined, and also that
the points at which ecosystems provide assets of benefit to
individual humans are services, we can return to the issue
of ecosystem services and their classification for decision-
making.

4, An alternative classification

In developing the following classification the aim has been
to provide a framework in which the consequences for hu-
man well-being of manipulating ecosystems may be as-
sessed. This allows analysis of options for improved
management of biological and other natural resources so
that their contributions to human well-being may be both
conserved and sustained.

This goal draws heavily on that of the Millennium Ecosys-
tem Assessment (2005) where the issues pertaining to the
development of a classification of ecosystem services are well
described. In particular, the essentially anthropocentric nat-
ure of this exercise is acknowledged with the result that at
least some constructions of intrinsic values (Callicott, 1986;
O’Neill, 1992) are not accounted for (see also discussion of val-
ues in the Appendix).

The classification system proposed below (Table 3) builds
on the conclusions of Section 3. The services are described
in terms of the structure and composition of particular eco-
system elements (expressed as assets), and these services
are in turn classified according to the specific human values
they support. This typology is based on the needs of organ-
isms outlined by Wallace et al. (2003, Appendix 4), which fol-
lows the work of Andrewartha (1971). The socio-cultural
component of Table 3 draws on the values described in the
Millennium Ecosystem Assessment (2005) and Wallace et al.
(2003, Appendix 2). The ideas of Maslow (1970) have also influ-
enced the construction of the table.

The categories of services used in this classification - ade-
quate resources; benign physical and chemical environment;
protection from predators, disease and parasites; and socio-
cultural fulfilment - are human values. They are defined as
follows.

4.1. Adequate resources

Resources are defined in Wallace et al. (2003, p. 55) as the “ba-
sic needs [that] support the life of individuals. They must be
in sufficient supply for survival and reproduction - under nor-
mal circumstances they have a lower, quantity threshold, but
not an upper threshold. This is one feature that distinguishes
resources from physical and chemical tolerances. Some fac-
tors listed here (Table 3) overlap with physical and chemical
factors ....... However, they are included here as they repre-
sent a resource that becomes an issue when they are below
a particular quantity, rather than needing to be within a spe-
cific range of thresholds for survival and reproduction”. All re-
sources may be expressed in terms of the composition and
structure of ecosystems. For example, food must be of a type
that supplies adequate nutrition, and be available in sufficient
quantities in time and space to meet the needs of humans.
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Table 3 - Proposed classification of ecosystem services and links to human values, ecosystem processes, and natural

assets

Category of human values

Ecosystem services - experienced at the
individual human level

Examples of processes and
assets that need to be managed
to deliver ecosystem services

Adequate resources

Protection from
predators/disease/parasites

Benign physical and
chemical environment

Food (for organism energy, structure, key chem-
ical reactions)

Oxygen

Water (potable)

Energy (eg, for cooking - warming component

under physical and chemical environment)

Dispersal aids (transport)

Protection from predation

Protection from disease and parasites

Benign environmental regimes of:
Temperature (energy, includes use of fire for

Ecosystem processes

Biological regulation

Climate regulation

Disturbance regimes, including wildfires,
cyclones, flooding

Gas regulation

Management of “beauty” at landscape
and local scales.

Management of land for recreation

warming)
Moisture

Chemical

Socio-cultural fulfilment Access to resources for:

o Spiritual/philosophical contentment
e A benign social group, including access to

mates and being loved
o Recreation/leisure
¢ Meaningful occupation
e Aesthetics

e Opportunity values, capacity for cultural and

biological evolution

- Knowledge/education resources

- Genetic resources

Light (eg, to establish circadian rhythms)

Nutrient regulation

Pollination

Production of raw materials for clothing,
food, construction, etc.

Production of raw materials for energy,
such as firewood

Production of medicines

Socio-cultural interactions

Soil formation

Soil retention

Waste regulation and supply
Economic processes

Biotic and abiotic elements

Processes are managed to provide a particular
composition and structure of ecosystem
elements. Elements may be described as natural

resource assets, eg:
¢ Biodiversity assets

¢ Land (soil/geomorphology) assets
o Water assets

o Air assets

e Energy assets

Ecosystem services consistently relate to specific human values, but processes and assets do not. Most processes and assets contribute to a

wide range of services.

4.2. Protection from predators, disease and parasites

The importance of this category is self-explanatory. However,
it differs from other categories in that it relates to ensuring
that the abundance and distribution of harmful organisms
is sufficiently low that human well-being is not threatened.
Thus, the category is still defined in terms of the composition
and structure of ecosystems.

4.3.  Benign physical and chemical environment

As noted in Wallace et al. (2003, p. 56), “organisms come into
direct contact with a range of chemical and physical factors in
their environment. Survival and reproduction will generally
depend on these factors lying either within a specific range,
e.g., moisture and temperature, or on these factors not
exceeding certain intensity thresholds (such as in the case
of fire)”. Ecosystem processes that maintain the human phys-
ical and chemical environment within the tolerance levels of
humans deliver this category of service. While most physical

and chemical aspects of the environment are expressed in
terms of ecosystem structure and composition, those relating
to energy are not, and this raises the issue of just how energy
should be treated in this analysis.

Energy can be expressed in two ways. Firstly, it may be
counted as potential energy stored in ecosystem elements —
for example, as an amount of carbohydrate available for use
by one or more organisms. Secondly, energy may be ex-
pressed as a rate of change, as is the case with ecosystem pro-
cesses. Here the dual nature of energy is accepted, but it is
treated as an abiotic element of ecosystems for ease of classi-
fication. This is clearly not an entirely satisfactory solution,
and the relevant concepts need to be explored further.

4.4. Socio-cultural fulfilment

Services leading to socio-cultural fulfilment shown in Table
3 are intended as an indicative list, and require considerable
further development. For example, the spiritual/philosophi-
cal contentment category recognises that all humans
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operate within either an explicit or implicit set of beliefs
that establish and explain the place of humans in the world
and universe, including birth and death; and provide guid-
ance for how we should live our lives and interact with
other people, other organisms, and the inanimate world.
Although it is assumed here that this category encompasses
ethical positions including those related to intrinsic values,
there are important alternative views (O’Neill, 1992; Lock-
wood, 1999). Just how such a category should be constructed
requires further deliberation, and it is clear from the consid-
erable diversity of environmental thought reviewed by Hay
(2002) that it will be difficult to elaborate a single structural
classification, although one is important for effective deci-
sion-making.

Overall, while the elements listed in the socio-cultural cat-
egory are all important, their relationships both within a hier-
archy and as a set of mutually exclusive elements need to be
worked through much more thoroughly by people with the
appropriate social, psychological and philosophical knowl-
edge. As with energy, there is some ambiguity concerning
the definition of social-cultural services within ecosystems.
However, given that they are expressed as amounts, rather
than rates, they are considered as ecosystem elements whose
structure and composition may be assessed at different
points in time.

In summary, the classification provide in Table 3 provides
a consistent typology of ecosystem services linked to human
values. However, there is still considerable scope for clarifi-
cation as noted in relation to the socio-cultural category.
Also, it is emphasised that while the categories of values
are likely to be broadly consistent across different cultures,
how they are achieved and their relative weighting will vary
considerably.

Ecosystem services are arranged in Table 3 to match the
values that they maintain. In contrast, ecosystem processes
and assets are not specifically linked to any single ecosystem
service or category of values — they generally contribute
across all categories. These multiple linkages between both
processes and assets on the one hand, and services and val-
ues on the other, make conceptualising decision-making
complex. However, this classification system disentangles
the frequent confusion between processes and services and
provides a basis for elaborating decision systems. The final
section below briefly examines the application of the ecosys-
tem services structure shown in Table 3 to decisions using the
ecosystem described in Fig. 2.

5. Decisions and ecosystem services

Fig. 2, a very simplified diagram showing some of the ecosys-
tem pathways delivering five ecosystem services, was con-
structed using the classification system outlined in Table 3.
Using this scheme, it can be seen that managers may influ-
ence ecosystem processes and assets to variously deliver
the five services shown. While decision-makers can usefully
concern themselves with the relative amounts of the ecosys-
tem services that need to be delivered for human well-being,
it is illogical to discuss the relative merits of the processes
leading to these services except in the context of the services
themselves.

For example, one cannot decide how much of the land sur-
face of a particular region should be given over to natural eco-
systems and how much to cropping ecosystems without
knowing the relative degree to which the corresponding ser-
vices are required for human well-being. Similarly, given the
types of relationships shown in Fig. 2, it makes little sense to
evaluate the merits of increasing surface water flows without
knowing whether there is any need to increase potable water
production. Even in terms of efficiency, one cannot know
whether more efficient, and therefore cheaper, water delivery
is important without knowing whether the price of potable
water is affecting services, or whether providing cheaper
water would come at an unacceptable cost to another service.

Although the classification of services in Table 3 provides a
sound basis for developing a decision framework, there are
other, important components of an effective decision process.
These include spatially and temporally defined goals for the
use of natural resources, mechanisms for evaluating manage-
ment feasibility and risks, and clarity as to the human indi-
vidual(s) and community(ies) to be included in decisions
(local, regional, state, national, or global). These are vital
issues that need to be dealt with in any effective decision
process. Some of these issues, particularly in relation to
goal-setting, are discussed in Wallace (2006); and Hein et al.
(2006) outline the linkage between spatial scales, ecosystem
services, and stakeholders.

Finally, although a classification of ecosystem services that
clearly links ecosystem processes and elements with values
improves decision processes, the relative weighting either
among services or values is ultimately a socio-political
assessment shaped by the specific context in which a partic-
ular decision is made. Such assessments and related
processes may be described and informed by science, but
are not themselves scientific.

6. Conclusions

The concept of ecosystem services can underpin effective
natural resource decisions, including trade-offs. However,
the above discussion has shown that it is essential to clearly
separate means (processes) and ends (services) when classify-
ing ecosystem services. Linguistic uncertainty attached to key
terms - such as ecosystem processes, functions and services -
has also caused difficulties in developing an effective typol-
ogy of services.

This paper has clarified definitions and developed a sys-
tem of classifying ecosystem services (Table 3) that may be
used to evaluate alternative uses of biological and other nat-
ural resources so that decisions maximise the probability that
human values can be maintained in the long-term. The clas-
sification system explicitly links values with ecosystem ser-
vices, ecosystem processes and natural and socio-cultural
assets. Values describe important aspects of human
well-being, and thus should assist those charged with com-
municating the importance of natural resources. This is
particularly important in decisions involving biodiversity
where values are often not clearly stated and thus compete
weakly when trade-offs occur.

However, it is acknowledged that this framework needs
further development. Socio-cultural aspects of ecosystem ser-
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vices and human values, in particular, need much more
comprehensive analysis. This is properly the role of a collab-
orative partnership among biologists, philosophers, sociolo-
gists, psychologists and economists. Further improvements
will also better describe the place of energy in ecosystems
and its relationship to ecosystem services.

Although the concepts developed in this paper have
evolved from experience managing natural assets in rural
landscapes, these ideas are equally applicable to urban and
other predominantly cultural systems. Planning and deci-
sion-making generally involve ecosystems with a mixture of
natural and cultural elements. Therefore, the classification
of services was deliberately designed here to allow decisions
concerning natural and cultural resources to be integrated
in the same decision process.

Effective decision-making also entails a number of other
characteristics beyond the scope of this paper. Most impor-
tantly, the goals driving decisions, including their spatial
and temporal aspects, must be clearly stated. Other prerequi-
sites for successful decision-making include identifying and
involving those who should be represented in the evaluation
process, and incorporating measures of management feasibil-
ity and risk in assessments.

Finally, in western societies a major challenge is reconcil-
ing short-term private desires with the long-term needs of
both individuals and communities (Hay, 2002). The effective
classification of ecosystem services and human values is a
foundation step in this process. However, it is acknowledged
that the relative weighting of different values and services
is ultimately a socio-political process. Science may inform
and assist this process, but it is not a scientific process.
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Appendix.  Explanation of definitions

Asset

The Oxford Dictionary definition of the term asset as denoting
a “thing or person of use or value” is the general meaning
used here. Given the specific explanation of value below, nat-
ural assets are defined here as the natural abiotic and biotic
elements of ecosystems that are considered to be of use to
humans. (See also biodiversity asset, defined below.) The
terms natural resources and natural assets are taken here to
be synonymous. Both terms are also synonymous with ‘natu-
ral capital’ as defined by De Groot et al. (2003).

It may be argued that all abiotic and biotic elements of eco-
systems are of use to humans, and that all the natural ele-
ments of ecosystems are therefore assets. Given that others
will argue that some ecosystem elements, such as disease
organisms, are not of human use, a conservative approach

is adopted in this document which allows for natural assets
to be considered as a sub-set of the natural biotic and abiotic
elements of ecosystems.

Biodiversity

Biodiversity is the variety of life forms including the different
plants, animals, fungi, microorganisms, etc. It is generally
seen as encompassing genetic, species (taxonomic), struc-
tural and assemblage (or biological community) diversity.
While ecosystem diversity is also often included, the ap-
proach here is that the term biodiversity should be confined
to a description of living elements, and that ecosystem pro-
cesses and abiotic components should be excluded. Support
for this view is provided in Angermeier and Karr (1994), Calli-
cott et al. (1999), and Wallace et al. (2003).

Although culturally derived biodiversity, such as domestic
animals, may be excluded from the definition of biodiversity
(Angermeier and Karr, 1994), here the term is taken to include
all biological elements in ecosystems so that decision-makers
may identify the synergies and trade-offs at the level of whole
systems. However, throughout this document the term biodi-
versity is used as shorthand for natural biodiversity unless
otherwise stated.

Biodiversity asset

In this document, a biodiversity asset is defined as a living
entity, or group of living entities, that are useful to humans.
Although some people express considerable disquiet that
such an economic and anthropomorphic approach is used
in the environmental arena (Hay, 2002), it is consistent with
the human, value-centred approach taken with ecosystem
services (for example, De Groot et al., 2003; Millennium Eco-
system Assessment, 2005), and other philosophical positions
and beliefs may be accounted for within the socio-cultural
services for human well-being described in Table 3.
Throughout this document the term biodiversity asset refers
to natural biodiversity assets unless otherwise stated.

Ecosystem

The term ecosystem is used here in the sense of Tirri et al.
(1998) as “a functional entity or unit formed locally by all
the organisms and their physical (abiotic) environment
interacting with each other”. This definition encompasses
those elements of the biotic and abiotic environment that
are culturally derived - such as domestic animals, buildings,
roads and humans themselves - as well as natural ele-
ments. Often the term ecosystem is used in a way that im-
plies only the natural elements of ecosystems. Given that
this paper deals with ecosystem services from natural as-
sets, all the ecosystems considered here contain at least
some natural elements.

Ecosystem function
The term ecosystem function has been variously used, some-

times to describe the actual functioning of ecosystems, such
as energy fluxes and nutrient recycling; and sometimes to
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describe the benefits obtained by humans from ecosystems
(De Groot et al., 2002; De Groot, 2006). It is common to find
the terms ecosystem function and ecosystem process used
as synonyms within the same document.

While one approach is to more specifically define ecosys-
tem function (De Groot et al., 2002; De Groot, 2006), in the
development of this paper, it was found that the term is not
required provided ecosystem services, processes, structure
and composition are suitably defined. Therefore, given that
parsimony of terms generally leads to greater clarity, the term
ecosystem function is treated here as a synonym of ecosys-
tem processes, and it is not used.

Ecosystem processes and services are defined separately
below. With regard to ecosystem structure and composition,
Noss (1990, pp. 356-7) has stated that “composition has to
do with the identity and variety of elements in a collection”
and structure “is the physical organization or pattern of a sys-
tem”. For an ecosystem, these terms are interpreted here as
follows. Composition of an ecosystem is taken as comprising
the types and abundance of biotic and abiotic elements in a
defined ecosystem; and structure refers to their distribution
and arrangement.

Ecosystem processes

Process is defined by Tirri et al. (1998) as “a series of events,
reactions or operations, achieving a certain definite result”.
Ecosystem processes are, therefore, defined here as the com-
plex interactions (events, reactions or operations) among bio-
tic and abiotic elements of ecosystems that lead to a definite
result. In broad terms, these processes involve the transfer of
energy and materials (Lyons et al., 2005).

Key processes include energy, nutrient, oxygen and water
cycles and fluxes. It is important to note that these processes
occur both within and outside organisms, and involve geo-
chemical (such as volcanism and plate tectonics) and cosmic
(sunlight) processes that occur at least partly outside the bio-
sphere. Also, this definition of processes includes socio-
cultural processes.

An important distinction between ecosystem elements
(both biotic and abiotic) and processes is that the former are
generally tangible entities described in terms of amount,
while the latter are operations and reactions and generally
described in terms of rates (for example, change or produc-
tion per unit time).

Ecosystem services

Such services are defined in the Millennium Ecosystem
Assessment (2005, p. 1) as “the benefits people obtain from
ecosystems.” These benefits include food, water, timber, lei-
sure, spiritual benefits, etc. Given the above definition of eco-
system, these services may be obtained from either natural or
cultural elements of ecosystems, or some combination of
both. However, in the literature it is generally implied or sta-
ted that ecosystem services are those derived from natural
elements of ecosystems. The narrower meaning is used
throughout this document, which concentrates on ecosystem
services derived from natural elements. However, in planning
urban and rural systems with few natural elements the

broader meaning is valid, and the principles outlined in this
document are equally applicable.

Alternative definitions of ecosystem services were investi-
gated. For example, Binning et al. (2001, see Table 2, p. 21)
have defined ecosystem services as one of the means by
which ecosystem goods are produced, rather than as the
goods and services themselves. However, neither this nor
alternative approaches investigated developed effective sepa-
ration of means and ends within their typologies.

It is also acknowledged that although in everyday lan-
guage there is a general differentiation between goods (such
as food, furniture, timber) and services (such as health ser-
vices, aesthetic provision); in the ecological and related eco-
nomic literature the term services is sometimes used to
include both goods and services, and at other times not.
The definitions in Eatwell et al. (1987) show that both terms
are variously used in the economics literature. Thus, it may
ultimately prove preferable to introduce a new term, such
as ecosystem benefit, for ecosystem services. Nevertheless,
the definition used by the Millennium Ecosystem Assessment
(2005) is generally consistent with current usage in the litera-
ture examined, and was adopted in this work.

Value

Many different approaches have been used to define and de-
scribe natural resource values, particularly in relation to bio-
diversity conservation (see, for example, Brown, 1984; Norton,
1986; Hampicke, 1994; Noss and Cooperrider, 1994; Burgman
and Lindenmayer, 1998; Edwards and Abivardi, 1998; Lock-
wood, 1999; Chee, 2004; Worboys et al., 2005; Fischer and
van der Wal, 2007).

In relation to ecological resources, Straton (2006) discusses
values from a variety of ecological and economic perspec-
tives, and this underlines the potential complexity of the
term. Lockwood’s (1999 p. 382) comment that “At present,
we only have limited understanding of individuals’ values,
the ways that they are expressed, and means of appropriately
incorporating them into our decision making processes” re-
mains highly relevant.

Rokeach (1973, p. 5) defines the term value thus: “A value is
an enduring belief that a specific mode of conduct or end-
state of existence is personally or socially preferable to an
opposite or converse mode of conduct or end-state of exis-
tence”. This is a relevant starting point given that here we
are particularly concerned with end-states of existence, or
terminal values. Rokeach lists 18 terminal values including
freedom, inner harmony, a comfortable life and family secu-
rity. Although he (p. 14) conceptualises these as “supergoals
beyond immediate, biologically urgent goals”; values such
as a comfortable life would seem to be inextricably linked to
adequate resources, such as food and shelter.

Rokeach also states that he opposes the view held by
many, particularly Maslow (1954), that values and needs are
synonymous. However, he does note (p. 20) that “Values are
the cognitive representations and transformations of needs”
and that “when a person tells us about his values he is surely
also telling us about his needs”.

Given that current classifications of environmental values
invariably list resources such as food and water as important,
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and that the biological requirements of humans are planned
over long timeframes, not just as urgent biological require-
ments, needs are considered here to constitute important
end-states or terminal values. Thus, the definition of values
used in Table 1 and followed in Table 3 (proposed classifica-
tion of services) is that they are the preferred end-states of
existence, including those required for human survival and
reproductive success, which taken together circumscribe hu-
man well-being.

The above discussion takes an anthropomorphic approach
to values. The concept of intrinsic values, that non-human
organisms and/or inanimate things have value independent
of their value to humans is not directly dealt with here, except
that some aspects of intrinsic value and related ethical posi-
tions are incorporated within the spiritual/philosophical ser-
vice listed in Table 3. It is assumed that this will cover most
circumstances where values are actually assigned within a
particular decision process; however, it is understood that
this will not be acceptable to all.
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