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Wetlands constitute important habitats that provide several ecosystem services (ES). Wetlands
have been termed the kidneys of the world for their water puriﬁcation services and contain 20–
25% of total soil organic carbon. Wetlands are among the ecosystems with the most valuable ES,
with regulating services being the most important for inland wetlands.
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1. Deﬁnitions and Objectives
Although there is no global agreement on the deﬁnition of “wetland”, the Ramsar convention
provides a well-accepted one by deﬁning them as “areas of marsh, fen, peatland or water,
whether natural or artiﬁcial, permanent or temporary, with water that is static or ﬂowing, fresh,
brackish or salt, including areas of marine water the depth of which at low tides does not exceed
six metres”

[1].

The deﬁnition was then expanded to include “… riparian and coastal zones

adjacent to the wetlands and islands or bodies of marine water deeper than six metres at low tide
lying within the wetlands”

[2].

The main classes of wetlands are swamps, fens, bogs, and marshes. Other distinctions are then
drawn, such as tidal and non-tidal, coastal, inland, freshwater, brackish or salt, or according to
their substrate type (rock bottom, unconsolidated, rocky shore, unconsolidated shore, streambed,
reef,

[3]).

The total area occupied by wetlands is still subject to debate with recent estimates varying
between about 12 × 106 km2 and 17 × 106 km2, with the lower value being probably the more
accurate

[4].

Examples of the biggest temperate wetlands are the Mississippi river delta in North America and
the Danube delta and the Scottish Flow Country in Europe. Another notable example is the Norfolk
Broads with habitats ranging from the open water of shallow lakes to ﬂooded reedbeds and from
boggy marshes and fens to wet ‘carr’ woodland with willows and alders [5]. Irish and Scottish bogs,
together with the temperate parts of the mountain peatlands and lake littoral wetlands of
Scandinavia and Finland, represent the widest expanses of peatlands in Europe.
Blankespoor et al. [6] estimate that with a 1 m sea level rise due to climate change, approximately
64% of the freshwater marsh, 72% of coastal wetlands, and 61% of brackish/saline wetlands in 86
developing countries are at risk. In light of these threats to wetlands, conservation eﬀorts are
being made worldwide and restoration is also underway for many diﬀerent kinds of wetlands. One
tool that can help with these eﬀorts is the concept of ecosystem services (ES). ES were originally
deﬁned as the conditions and processes through which natural ecosystems sustain and fulﬁl
human life

[7]

and are classiﬁed as provisioning, regulating, supporting and cultural. Although

covering only 6 to 8% of the global land space, wetlands account for a disproportionate amount of
the total value of the ES of all biomes (possibly around 36%

[8])

these habitats, with valuations of their ES growing worldwide.

This testiﬁes to the importance of

About half of global wetland areas have been lost and much of the remaining wetland areas are
degraded

[9].

It is, therefore, crucial that we have accurate estimations of the value of wetlands, in

order to be able to make a stronger case for their preservation.

2. ES Deﬁnition
The concept of ES originates from economic studies in the late 1970s, which have become more
mainstream with increasing interest in methods of quantifying their economic beneﬁt

[10][11]

. A

common deﬁnition of ES as “the beneﬁts that people obtain from ecosystems” has been provided
by the Millennium Ecosystem Assessment (MEA) [12], which oﬀers the four categories of
provisioning, regulating, supporting, and cultural ES. Another deﬁnition describes ES as the
functions of ecosystems that provide beneﬁts to people

[13].

A unifying classiﬁcation system has

been brought forward with the Common International Classiﬁcation for Ecosystem Services
(CICES), deﬁned here as the contributions that ecosystems make to human well-being

[14].

This

builds on the approach of the MEA, but with the diﬀerence that, in the CICES classiﬁcation,
supporting services are classed as intermediate services. The CICES classiﬁcation uses three main
categories with some sub-categories: provisioning, regulating, and cultural ES. This classiﬁcation
is based on the cascade model, which proceeds from the biophysical structures and functions of
ecosystems, to produce the ﬁnal services, which in turn generate goods and beneﬁts, as shown
in Figure 1, illustrating how value is generated in this way.

Figure 1. The CICES cascade framework for ecosystem services (ES)
The concept of ES has come under scrutiny and critique because of it being seen as
anthropocentric in nature; therefore potentially promoting further exploitation of nature and
undermining conservation eﬀorts. It has been counter-argued that the concept of ES includes nonmonetary and intrinsic values, which can help to reconnect humans with nature and it overlaps
with the biodiversity concept

[15].

Notwithstanding this debate, it is undeniable that the ES

framework is being applied more and more in research as well as becoming mainstream in policy
and planning; it provides increased awareness, communication, and participation, as well as
spatially referenced knowledge

[16]

. The ES concept can help compare diﬀerent management and

policy options and choose the one with the least impact or that which promotes the highest level
of ES
[18].

[17]

. Equally, it can be used to raise awareness of relative changes over certain time frames

The Economics of Ecosystems and Biodiversity (TEEB, [17]) and the UK National Ecosystem

Assessment (UKNEA,

[19]

) both highlighted the danger of loss of ES, including those associated

with wetlands and peatlands in particular

[20]

. The Mapping of Ecosystems and their services
[21]

(MAES) is also central to the European Biodiversity Strategy 2020 [21]. Among the ES frequently
associated with wetlands are water supply and puriﬁcation, ﬂood and erosion control, carbon
storage and sequestration, and habitat preservation [12].

3. Quantiﬁcation and Valuation of ES
As deﬁned by the MEA (2005) [12], value is “the contribution of an action, or object to user-speciﬁc
goals, objectives, or conditions”. More speciﬁcally, the value of ES can be deﬁned as the
contributions of the ecosystem to supporting sustainable human wellbeing

[22]

. Diﬀerent values

can be highlighted depending on the frame of reference and on the stakeholders considered. It is
important not to restrict valuation only to economic values but be aware of the other values such
as inherent, fundamental, and eudemonistic

[23].

A common approach is also to consider the Total Economic Value (TEV), which includes not only
use and non-use value, but also non-direct values

[24].

Non-direct values are the beneﬁts provided

by a good or service that are used indirectly by an economic agent (like water puriﬁed by a
wetland and enjoyed further down in the catchment). The diﬀerent kinds of value include:
Social value: beneﬁts are received by a group, not an individual. Examples are improved water
quality and ﬂood protection.
Option value: the value for the conservation of a public asset or service even if it is not likely
that it will be used and ensuring future availability.
Existence value: the value deriving from the simple knowledge that the valued resource exists,
even if it will never be used.
Altruistic value: the value of ecosystems to others.
Bequest value: the value associated with the satisfaction of preserving natural or cultural
heritage for future generations.
Diﬀerent methods have therefore been used to try to estimate the diﬀerent components of TEV
when a direct market and price are not available, as follows.

3.1. Market Prices
This approach estimates the value of an ecosystem good or service and its price on a market on
which it is bought or sold. The value is determined by measuring the change in producer and
consumer surplus after applying a change in production or price. Adjustments should be made to
correct for market distortions, such as taxes and subsidies

[25]

.

3.2. Cost-Based Methods
These methods are not a strict evaluation of the economic value of ecosystem service and assume
that these values can be estimated by analysing the costs incurred in substituting them or
avoiding damage. Examples are replacement cost, opportunity costs, the avoided damage cost,
defensive expenditures, replacement/substitute costs, net factor income, travel cost, hedonic
pricing, and restoration costs methods

[26].

The replacement cost method requires the evaluation

of the cheapest price that should be paid for the replacement of the function under scrutiny. This
method has the advantage of being accepted by traditional economists. It also gives higher
valuations than the other methods. Uncertainties remain though as to whether all the services
provided at the moment would be replaced.

3.3. Stated
Modelling)

Preference

Approaches

(Contingent

Valuation

and

Choice

Both methods involve using a hypothetical or contingent market in the absence of a free market

for non-market goods. For the contingent valuation method, originally proposed by Davis (1963)
[27]

, the value is then the amount that society would be willing to pay to produce and/or use a

good beyond the value it already pays. Choice modelling involves the public in choosing between
alternatives, thus having them reveal or state their willingness to pay for a good or service. It can
be traced back to consumer studies by Thurston in the 1920s and to random utility theory
This was then developed by Daniel Mc Fadden in economics
Anthony Marley

[31]

[29]

and by Duncan Luce

[30]

[28]

.

and

in mathematical psychology.

3.4. Revealed Preference Methods
These methods imply gathering data linked to the preference of the public for a good linked to a
speciﬁc ecosystem service. The main ones are hedonic pricing and travel cost methods. The
hedonic pricing method (HPM) uses a surrogate market (usually the housing market) to quantify
the revealed preference of the public in living in a certain area aﬀected by an ecosystem good or
service [32].

3.5. Production Function
The production function method estimates changes in producer and consumer surplus due to
quantity or quality changes in an environmental good or services which is part of a production
process. If the price does not change, only the producer surplus is aﬀected

[33]

.

3.6. Value Transfer
This method consists of using estimates from previous studies to value services provided by the
studied ecosystems. This method takes two diﬀerent approaches. In direct value transfer a value
for an ecosystem service is directly transferred to the studied site. Ideally the two sites have
similar characteristics, otherwise corrections should be applied. The other approach uses transfer
functions, the terms of which have ideally been determined through a meta-analysis of valuation
literature

[34]

.

The total revenue, opportunity and replacement cost methods are not based on sound economic
theory and therefore will tend to under- or overestimate values

[34]

. Brander et al. (2006) [33] also

found that value transfers tend to have an average transfer error of 74%, which might be justiﬁed
however, in light of the higher cost of primary valuations.
The TEV does not, however, represent the whole value of ecosystems, as other sets of values are
provided by ecosystems. These represent the role of wetlands in the natural system and are
usually presented in terms of biodiversity.
More inclusive estimations of values should be used, as to try to incorporate non-economic
ecosystem values, such as inherent, contributory, primary, and infrastructure values

[26].

One of

these approaches is the eco-price, which considers both biophysical and economic valuation

[35]

.

3.7. Valuation Tools Used for the Diﬀerent ES
ES valuation is performed in diﬀerent phases and using diﬀerent tools, depending on the ES
present and on the scale of the assessment (Table 1). A biophysical quantiﬁcation of ES is a
prerequisite of carrying out an economic one. It can use direct measurement of the variables of
interest, though this can be costly, and therefore indicators or proxy data and spatial models are
often used. Indicators can be primary (when they directly refer to the ES quantiﬁed, e.g., number
of tourists visiting a natural area), or secondary, when they indirectly help quantify said ecosystem
service (e.g., accessibility or naturalness as a proxy for touristic value). The most used indicators
for mapping ES are land cover, soil, vegetation, and nutrient related indicators (Table 2). Egoh et
al. (2012)

[36]

, found that land cover is an important secondary indicator for all the categories of

ES. Nutrient ﬂuxes and soil characteristics are other important secondary indicators. Vegetation
maps are useful for carbon sequestration and water regulation.
Table 1. Economic valuation methods of the diﬀerent ecosystem services (ES). CV: Contingent
Valuation/Choice Modelling; DE: Defensive Expenditures/Averting Behaviour/Avoided Costs; HPM:
Hedonic

Pricing

Method;

MA:

Market

Analysis;

PF:

Production

Function;

RC:

Replacement/Restoration Costs; TC: Travel Cost.
ES

Valuation Methods

Provisioning
Water for residential use, livestock watering, and food manufacture
processing

MA; PF; RC; CV; DE,
HPM

Water for landscape, turf, and agricultural irrigation

MA; PF; RC; DE; CV

Food, reeds, grass/hay or timber harvesting, pharmaceuticals, and other
products used in industry

MA; PF; CV

Regulating
Habitat preservation

MA; PF; RC; CV; TC;
DE, HPM

Climate regulation

MA; PF; RC; CV; DE;
HPM

Waste removal

MA; PF; RC; CV; DE;
HPM

Nutrient and toxicant retention

MA; PF; RC; CV; DE;
HPM

Saltwater intrusion

MA; PF; RC; DE; CV

Erosion prevention, ﬂood and storm protection, and shoreline
stabilisation

MA; PF; RC; DE; CV;
HPM

Cultural
Recreational ﬁshing, boating, hunting, trapping, and plant gathering

MA, PF, RC, CV, TC,
DE, HPM

On and oﬀ-site observation for leisure, education, and scientiﬁc activities

MA; PF; RC; DE; CV;
TC

Cultural, historic and aesthetic value provision

CV

Table 2. Indicators for ES assessment.
ES

Indicators

Fisheries
and
aquaculture

Fish production or ﬁsh catch; status of ﬁsh populations; aquaculture production;
wild vegetation used in gastronomy, cosmetic or pharmaceutical uses; number of
ﬁshermen

Water for
drinking
purposes

Water consumption for drinking; water abstracted; surface water availability;
water exploitation index (WEI); nitrate-vulnerable zones

Water
puriﬁcation

Indicators of surface water quality (nitrate, phosphates, coliforms…); indicators of
groundwater quality; nutrient loads; nutrient concentration; nutrient retention;
trophic status; ecological status; area occupied by riparian forests; potential
mineralisation or decomposition; number and eﬃciency of treatment plants;
wastewater treated

ES

Indicators

Erosion
prevention

Sediment retention; groundwater evolution

Flood
prevention

Flood risk maps; water holding capacity of soils; conservation of river and lakes
banks; groundwater level evolution; ﬂood plains area (and record of annual
ﬂoods); area of wetlands located in ﬂood risk zones; conservation status of
riparian wetlands

Maintaining
habitats

Biodiversity value (species diversity or abundance, endemics or red-listed
species…); ecological status; hydromorphological status

Recreation

Number of visitors to natural places; number of visitors to attractions; National
Parks and Natura 2000 sites; number of bird-watching sites; number of bathing
areas and beaches; ﬁsh and waterfowl abundance; quality of fresh waters for
ﬁshing; number of waterfowl hunters and anglers; number of ﬁshing licenses and
ﬁshing reserves; tourism revenue

Intellectual
and
aesthetic
appreciation

Sites monitored by scientists; number of scientiﬁc projects, articles, studies;
classiﬁed sites (e.g., World Heritage…); Number of visitors; National Parks and
Natura 2000 sites; cultural sites and number of annual cultural events;
contrasting landscapes; proximity to urban areas of scenic rivers or lakes.

Provisioning services can be quantiﬁed by primary data; however, usually indirect indicators are
used (e.g., landscape cover for food production). Regulating services such as carbon
sequestration and water quantity regulation are usually quantiﬁed through models, given their
complex nature

[36].

The spatial and temporal scales of valuations should also be considered. Spatially, the amount of
population aﬀected by an impact under investigation must be determined. Direct uses of the
wetland concern existing and potential users of the resource. Indirect uses values may not be sitespeciﬁc; for example, the beneﬁts provided by ﬂood risk reduction further down the catchment.
Non-use beneﬁts are valued over a wider geographical area but are also subject to decrease with
distance from the site of interest. The temporal scale entails considering a trade-oﬀ between
short-term and long-term beneﬁts. Many projects consider a long-term timescale and issues such
as future demand for a particular service and discount rates must be considered.
Recently, several studies made a distinction between ES supply and demand ([37][38]). Supply can
be deﬁned as the capacity of an ecosystem to provide ES within a certain timeframe, while
demand can be described as the sum of all ecosystem goods and services currently consumed or
used in a particular over a given time period ([37][39]). The analysis of supply and demand of ES is
important to assess the sustainability of ES provision.
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