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The recognition of the economic value of nature and the services it provides to humanity has become
increasingly essential in the context of coastal zone management. In this paper we review the progress to
date on both the necessary conceptual framework and empirical valuation studies required to bolster
decision support systems (DSS) targeted at integrated coastal zone management goals. We highlight the
importance of using an ecosystem services approach and recommend some basic sequential, although
overlapping, analytical steps for appropriate environmental valuation and policy assessment: spatial
explicitness; marginal changes; double counting; non-linearities; and threshold effects. We illustrate the
practical use of the DSS by reviewing an existing UK case study on managed coastal realignment along
the Eastern coast of England, and a new UK case study on managed realignment implemented in
a southern area on the same coast. Comparing the two studies, the importance of spatial explicitness and
the need for a sequential decision support system when dealing with ecosystem services valuation and
project policy appraisal become particularly evident.
Ó 2010 Elsevier Ltd. All rights reserved.

1. Introduction
Coastal zone ecosystems are impacted by dynamic environmental change that occurs both ways across the land-ocean
boundary. The natural and anthropogenic drivers of change
(including climate change) cause impacts ranging from erosion,
siltation, eutrophication and over-ﬁshing to expansion of the built
environment and inundation due to sea level rise. All coastal zone
natural capital assets have suffered signiﬁcant loss over the last
three decades (e.g. 50% of marshes lost or degraded, 35% of
mangroves and 30% of reefs) (Millennium Ecosystem Assessment,
2005). As the process of environmental change across local to
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regional and up to the global scale has intensiﬁed and increased in
pace, so the risk posed to the integrity and resilience of ecosystems,
not least in coastal areas, has increased in parallel. This has in turn
led to calls for an ecosystem services approach to support the case
for more protected areas or better management and sustainable use
of ecosystems under threat of conversion or degradation (Balmford
et al., 2002; Bockstael et al., 2000; Costanza et al., 1997; Daily, 1997;
Daily and Ellison, 2002; Turner et al., 2003; Turner and Daily, 2008).
The consequences of the loss of services and economic beneﬁts at
the margin are considerable, but they have yet to be properly recognised, quantiﬁed and evaluated (Daily, 1997; Turner et al., 2003;
Mäler et al., 2008; Barbier et al., 2008). In this paper we review the
progress to date on both the necessary conceptual framework and
empirical valuation studies required to bolster decision support
systems ambitiously targeted at integrated coastal zone management goals.
Coastal zone policy in the UK and Europe is being re-orientated
towards a more ﬂexible and adaptive approach, while linked water
catchment management is also being reformulated under the EU
Water Framework Directive (European Commission, 2000). A key
component of this new thinking could be managed realignment
(MR), which involves the deliberate breaching of existing sea
defences with the land behind them consequentially being ﬂooded.
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MR projects result in the creation/restoration of saltmarshes that
are a soft and more sustainable ﬂood defence helping to dissipate
wave energy. Salt marshes have currently been disappearing from
coasts because of what is known as the ‘coastal squeeze’
phenomenon: due to sea level rise the inter-tidal habitat is gradually constrained on one side by the sea and on the other by sea
walls erected between the land and an inter-tidal habitat to protect
the coast. MR allows the inter-tidal habitat to naturally move inland
so that it can continue to protect the coast in combination with
manmade or natural ‘secondary defences’ (using local topography),
creating opportunities for biodiversity enhancement,4 and
expanding opportunities for amenity and recreation (i.e. a diversity
of ecosystem services). Previous research has highlighted that
managed realignment policy needs to be appraised across a more
extensive spatial and temporal scale than has been the case in the
traditional scheme-by-scheme coastal management system
(Turner et al., 2007). In other words, whole estuaries or multiple
coastal cells need to be treated as a single ‘project’ encompassing
a number of realignment sites.
Any comprehensive deployment of this coastal strategy,
however, will be conditioned by a complex set of factors in a highly
‘contested’ political economy context in which continuing uncertainty over ecosystem functioning under stress and shock condition
still prevails (Turner, 2007). Argumentation will be focused on the
trade-offs between greater resource efﬁciency, social justice, equity
and compensation objectives. In general, unless MR schemes are
very extensively adopted, multiplier effects on the regional or
national economy are not likely to be signiﬁcant. The proposed
sequential approach to the appraisal process would ﬁrst identify all
sites that are likely to generate the minimum of social justice/
ethical concerns. In these cases an efﬁciency-based cost-beneﬁt
analysis (CBA) could provide the decisive information in policy
choice (Randall, 2002; Turner, 2007). In the cases where people,
property, culture/historical assets and designated fresh water
conservation sites are part of the opportunity cost calculation, CBA
will not be as decisive and may have to be subsumed within
a multi-criteria decision support system and deliberative process in
order to tackle the ethical and other value judgments that will be in
dispute (Climaco, 1997; Janssen et al., 2001; Vincke, 1992; Yu, 1985;
Zeleny, 1982).
In this paper we show the actual application of a coastal decision
support system (DSS) describing how the steps required for an
appropriate valuation of coastal zone management policies were
applied to two estuaries case studies in the UK. We focus on the
East of England where major ﬂooding can take place on the
coastline because of the concomitant occurrence of sea level rise
and isostatic movements. The reviewed case studies analysed the
economic efﬁciency of implementing MR schemes in the Humber
and Blackwater estuaries, which share similar risk concerns about
the future of the coasts and the same legislative regime, and
subsequent proposed mitigation actions. Furthermore, from
a methodological point of view we test the advantages of
‘improved’ ecosystem services valuation methods. In the Humber
case study, for example, a beneﬁt transfer technique was used to
measure the amenity and recreational beneﬁts of recreated saltmarshes. In the Blackwater we measure the same beneﬁt with
a new stated preference study (a choice experiment) which was
then incorporated in the CBA.
The paper is set out as follows: in Section 2 we present an
ecosystem services approach for appropriate economic valuation;
Section 3 presents the case studies; and Section 4 offers some
conclusions.

4

Depending on how successfully the saltmarsh communities can re-establish.
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2. A conceptual framework for ecosystem services
As reported in Fisher et al. (2009) several deﬁnitions of
ecosystem services (ES) are now found in the literature (Boyd and
Banzhaf, 2007; Costanza et al., 1997; Daily and Ellison, 2002). The
Millennium Ecosystem Assessment (MEA) deﬁnition that describes
ecosystem services as ‘the beneﬁts that people obtain from
ecosystems’ is probably one of the most widely cited. Classifying
ecosystem services into supporting services (e.g. nutrient cycling,
soil formation, primary production), regulating services (e.g.
climate regulation, ﬂood regulation, water puriﬁcation), provisioning services (e.g. food, fresh water), and cultural services (e.g.
aesthetic, spiritual, recreational and other non-material beneﬁts),
the MEA deﬁnition provides an excellent starting point for moving
towards a more operational classiﬁcation system. That deﬁnition,
for example, has been adapted and re-oriented by Wallace (2007)
focusing on land management, while Boyd and Banzhaf (2007)
and Mäler et al. (2008) took national income accounting as their
policy context. Importantly, in their paper Boyd and Banzhaf (2007)
highlight that ES and beneﬁts are not identical. Fisher and Turner
(2008) have clariﬁed this distinction between ES and beneﬁts for
economic valuation purposes: ecosystem services are the aspects of
ecosystems utilised (actively or passively) to produce human wellbeing. Fisher et al. (2009) see ecosystem services as the link
between ecosystems and things that humans beneﬁt from, not the
beneﬁts themselves. ES include ecosystem classes as well as
ecosystem processes and functions, with the latter becoming
services only if there are humans that (directly or indirectly) beneﬁt
from them. In other words, ES are the ecological phenomena, and
the beneﬁt is the realisation of the impact on human welfare. More
importantly for environmental valuation the Fisher et al. (2009)
deﬁnition explicitly links changes in ecosystem services to
changes in human welfare. The key feature of that deﬁnition is
therefore the separation of ecosystem processes and functioning
into intermediate services (that inﬂuence human well-being indirectly) and outcomes in terms of ﬁnal services (that contribute
directly to human well-being), with the latter yielding welfare
beneﬁts (Fig. 1).
Classiﬁcation of ES into intermediate and ﬁnal services is
context dependent. For example, clean water provision is a ﬁnal
service and beneﬁt (i.e. direct change in human welfare) to a person
requiring drinking water, but it is an intermediate service to
a recreational angler, who requires a ﬁnal service in terms of the
provision of the ﬁsh population in order to get recreation enjoyment (ﬁnal welfare beneﬁt). This approach seeks to provide
a transparent method for identifying the aspects of ecosystem
services which are of direct relevance to economic valuation, and
critically, to avoid the problem of double counting.
In this paper we ﬁrst present a sequential framework (DSS) for
appropriate economic valuation of ecosystem services/beneﬁts. The

Intermediate services

Geodynamics:
sediment and nutrient
cycling and transport;
Primary production;
Water cycling;
Climate mitigation

Final services

Benefits

Creation of
beaches,
dunes, and
other places of
human
enjoyment

Flood/storm
buffering;
Shoreline
stabilisation /
erosion
control;
recreation

Fig. 1. Relationships among representative intermediate services, ﬁnal services and
beneﬁts; an example for marine/coastal ecosystems. Adapted from Fisher and Turner
(2008).
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Source: Turner et al., 2010.
Fig. 2. Ecosystem Services Sequential Steps (ESSSs): A Framework for Appropriate Economic Valuation.

DSS is then applied in two UK case studies, for two different estuaries located in the East coast of England. The two case studies
contain a cost-beneﬁt model based on an ecosystem services
approach, which quantiﬁes the economic gain and loss associated
with managed realignment.
The ﬂow of many ecosystem service beneﬁts can be enjoyed
(subject to appropriate sustainable management) over long periods
of time but long time horizons can prove problematic for the costbeneﬁt analysis method and its time discounting procedure. There
is in the economic literature an ongoing debate around the correct
discount rate to be applied in the social appraisal of long-term
environmental projects which has not reached a satisfactory
conclusion (Broome, 1995; Dasgupta, 2008; Frederick et al., 2002).
Traditionally the discount rate conventionally used for assessing
public sector projects was a positive and constant rate of discount.
Only recently, declining discounting approaches have been recognised as an alternative5 method when long-term environmental
projects are being appraised. The reasoning behind the concept of
declining discounting is its ability to deal more appropriately with
the inter-generational dilemma. Recent research on discounting,
such as Weitzman (1998), has suggested that a declining discount
rate might be more appropriate in some social appraisal contexts.
However, it can be argued that the weakness of Weitzman’s (2001)
gamma discounting approach is that the social discount rate is predetermined without any moral reasoning in support of the chosen
rate of pure time preference, or the ethical intra-generational
decision related to the elasticity of marginal utility, or the forecasted future path of consumption growth. Although recognising
the existence of hyperbolic discounting in individuals’ behaviour,
Dasgupta (2008) argues that in the case of public evaluation, the
decision maker should be consistent over time with his/her social
choice. If consumption is growing, the social rate of discount used
in the CBA should be positive; otherwise the social discount rate
should be declining, or even negative. That is because the declining
discount effect that comes with a declining rate of economic
growth does not lead to time inconsistency over project valuation.
In the case studies presented, three discount approaches are
applied in the CBA to investigate sensitivity to different discount
rates.
As reported by Turner et al. (2010) to be most useful for policy,
ES must be assessed within their appropriate spatial context and
economic valuation should provide marginal estimates of value,
avoiding double counting, that can feed into decisions at the
appropriate scale. We discuss each of these issues summarised in
Fig. 2 in the analysis of the case studies referring to each of them as
an ecosystem services sequential step (ESSS) and adding a numerical order for convenience as the ESSSs may overlap: spatial

5
Ofﬁcial guidance on UK public sector project/policy assessment now advocates
such an approach (HMT, 2003).

explicitness (ESSS1); marginality (ESSS2); double counting (ESSS3);
non-linearities (ESSS4); threshold effects (ESSS5). For a deeper
analysis of the ESSS see Turner et al. (2010).
3. Managed coastal realignment in two UK case studies:
methods and results
To show how a combined ecosystem services approach and
a sequential decision support system can operate in practice, we
illustrate and then compare a fairly recent UK case study on the
Humber estuary (North-East of England) (Turner et al., 2007) with
a new UK case study on the Blackwater estuary in the southern part
of the same English coastline in which managed realignment (MR)
schemes could be implemented. These two case studies have been
chosen because of their physical similarities and risk proﬁles and
because they are subject to the same legislative regime. Both
estuaries are located on the east coast of England where major
issues of ﬂooding because of sea surge can occur and which may be
exacerbated due to climate change effects such as sea level rise and
vertical land movements associated with the melting of ice sheets
(glacial isostatic adjustment). Actions will be different depending
on the area at risk. In estuaries along the English east coast some
managed realignment (MR) experimental schemes have already
been implemented. MR is controversial because some previously
reclaimed coastal land (usually agricultural land) is sacriﬁced in
order to reduce the threats of coastal erosion and ﬂooding along the
coast (Royal Commission on Environmental Pollution, 2010). Sea
level rise, increased cliff erosion and more extensive and frequent
ﬂooding, is potentially putting at risk private owned houses and
business assets e estimated to encompass 4 million people and
collateral worth £200 billion across England and Wales (O’Riordan
et al., 2008).
Adaptive coastal governance is currently evolving and inevitably
it is fragmented with little integration among public, private and
voluntary organisations interests concerned with coastal adaptation (Nicholson-Cole and O’Riordan, 2009). The EU has promoted
an integrated coastal zone management (ICZM) strategy, which is
slowly becoming embedded in national strategies. The governance
of coastal areas for England and Wales takes place at three levels:
political (central government departments), executive (statutory
but non-departmental agencies) and through civic organisations
and coastal communities (other organisations concerned with the
coastal management). The ﬁrst level includes: the Department of
Food and Rural Affairs (DEFRA) that provides the overall policy as
well as the supervision of the non-departmental agencies; the
Department for Communities and Local Government (DCLG) that
provides planning policy and local government ﬁnance; and HM
Treasury, which provides general funding to DEFRA, the nondepartmental agencies and local authorities. Local Government
County and District Councils operate both at the political and at the
executive level as they are concerned with local planning, economic
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● Shoreline
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control

● Carbon storage
● Fish production
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stability/resilience
● Amenity and
recreation provision
● Cultural / heritage
conservation

Fig. 3. Classiﬁcation of Coastal and Marine Ecosystem Services.

development, and social well-being providing funding for ﬂood and
coastal erosion protection. At the second level we ﬁnd the two
relevant governmental agencies, Environment Agency (EA) and
Natural England (NE), and the Local Maritime Authority. At the
third level there are local residents and communities, and nongovernmental bodies such as the National Trust and the Royal
Society for the Protection of Birds, which own coastal land managed
as natural reserves (O’Riordan et al., 2008). In general, there is
distrust among local communities about government intentions
and plans for coastal adaptation measures. This context has been
conditioned by uncertainty surrounding the goals of coastal adaptation because of the scientiﬁc uncertainties linked to future
climate change, and uncertainty about compensation measures for
those that will be adversely affected by the changes in the coastline.
For these reasons two main instruments have been recently used
in England and Wales: Shoreline Management Plans (SMPs) and the
Pathﬁnder. SMPs are the instrument, implemented in the mid 1990s,
to reach a large-scale assessment of the risks associated with coastal
processes and the technical feasibility of policies that work with
natural processes. The second generation of SMPs, which are
delivered by ‘Regional Coastal Groups’ in partnership with the EA, is
due to completion by December 2010 and will cover the entire coast
of England and Wales (6000 km) (Postnote, 2009; Environment
Agency, 2010). Another new 18 months (2009e2011) governmental scheme called Pathﬁnder will support (£11 million budget)
ﬁfteen pathﬁnder authorities (County and District Councils) to
explore new ways of adapting to coastal change (Defra, 2010).
The North Norfolk District Council received the largest amount
(£3 million) to implement the scheme in its local area, and it is
the ﬁrst to have put forward, in 2010, a ‘compensation’ plan using
some of the funding of the Pathﬁnder scheme. The council is
making individual offers to the owners of cliff top homes of between
40 and 50% of the theoretical value of their homes if they were
inland and not at any risk of coastal erosion. However, it is not yet
clear precisely which kind of support mechanism will be taken up
more generally by pathﬁnder projects (North Norfolk District
Council, 2010).

As shown in Fig. 3, estuaries and saltmarshes yield beneﬁts in
terms of ecosystem services: ﬂood protection; carbon storage
beneﬁts (climate change mitigation effect); ﬁsheries’ productivity
(ﬁsh industry and recreation); recreation and amenity beneﬁts
(e.g. walking, bird watching etc); existence value beneﬁts (e.g.
biodiversity maintenance); and sea walls maintenance cost
savings.6
In the next section similarities and differences in the methodology adopted for the analysis of the two case studies is explained.
The Humber estuary comes ﬁrst chronologically and most of its
methodology is then used for the Blackwater estuary case study.
However, some improvements in the valuation of the ecosystem
services identiﬁed for the Blackwater were introduced in the new
analysis. The section concludes by reporting on and comparing the
results of the two case studies in which an ecosystem services
approach (Fisher and Turner, 2008) is used.
3.1. Methods
The methods applied in the analysis of each estuary case study
are examined following the ESSSs (sequential DSS). The anchor
point for the whole analysis is the use of a cost-beneﬁt analysis
(CBA) for managed realignment schemes appraisal, which was
originally applied to the Humber case study (Turner et al., 2007).
The same CBA approach was then used for the analysis of the
Blackwater MR scheme. The general approach is the following
(Equation (1)e(3)): comparison of the present value (PV) of the
‘status quo’ (SQ) existing protection system and the present value of
MR schemes.
The PV of the ‘status quo’ scenario can be appraised on the basis
of Equation (1):

6
The implementation of managed realignment schemes at appropriate sites can
recreate saltmarshes, which can act either as a more natural coastal defence for the
coast or provide protection in front of existing engineered defences, implying
savings on the sea walls maintenance costs.
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Fig. 4. Geographical Information System (GIS) based realignment site location criteria (adapted from Turner et al., 2007).
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where: PVtsq is the present value of total costs of current defences
(£ million) as there are no future beneﬁts in the status quo scenario,
sq
are the
r is the discount rate, lsq is the length of defences, and Cm;t
maintenance costs (£/km/yr).
The present value of the costs and beneﬁts of the managed
realignment scheme is given in Equation (2):
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where: PVtmr is the present value of the managed realignment
is the area of inter-tidal
scheme (£ million), r is the discount rate, amr
h
habitat created, Be,t are the ecosystem value beneﬁts (£/ha), lmr is the
mr are the capital costs of
length of managed realignment (km), Ck;t
mr are the maintenance costs, amr is the agricultural
realignment, Cm;t
t
agr

land lost, and Lagr;t is the forgone agricultural land value.
The overall CBA result is found via Equation (3):


sq 
NPVtmr ¼ PVtmr  PVt

(3)

where: NPVtmr ¼ net present value of managed realignment
compared to hold-the-line for a given stretch of coastline at time t
(£ million).
In both cases, the capital costs of implementing the scheme
usually include the costs of realigning defences whenever
a secondary line of defence was necessary further inland; and
opportunity costs associated with any agricultural land that would
be converted in inter-tidal habitat. Other costs are related to the
maintenance costs of old and new sea walls.
The ecosystem value beneﬁts gained recreating inter-tidal
habitats are identiﬁed via an ecosystem services approach as
reported in Section 3.1.1 and in further detail in Section 3.1.2.
3.1.1. ESSS1 e spatial explicitness
Knowledge of the underlying biophysical structure and processes
of any given ecosystem service is crucial. Spatially explicit analysis
must then encompass appropriate socio-economic, political and
cultural parameters in order to properly identify ecosystem services
supply and demand side beneﬁciaries. Importantly, ecosystem
services are context dependent in terms of their provision and their
associated beneﬁts and costs, which means that service values may
change across the landscape due to geographical variations (scale) in
biophysical supply or demand of a service.
A generic ecosystem services approach was used for the
Humber estuary. The ecosystem services/beneﬁts identiﬁed were:
habitat values, which were treated as a composite value related to

intermediate services such as biodiversity, nutrient cycling and
water quality given that those service contributions are captured by
the estimation of their human welfare impact via amenity and
recreational values; and carbon storage value. For the Blackwater
case study the ecosystem services approach (Fisher and Turner,
2008) as presented in Section 2 was used. That allowed us to
identify similar beneﬁts to the Humber (amenity and recreation as
a composite environmental beneﬁt, and carbon storage) plus
another beneﬁt, ﬁsheries production values. The implementation of
MR schemes in both estuaries can provide savings on sea walls
maintenance. In some cases when new saltmarshes are recreated in
front of a secondary defence inland wall additional costs must be
borne, but if the land elevation provides enough ﬂood defence
a new sea wall is not required.
To identify the more appropriate sites for managed realignment
for both estuaries Geographical Information System (GIS) techniques
were used in combination with four possible future scenarios. The GIS
methodology was originally developed for the Humber estuary case
study and then replicated for the Blackwater estuary (Fig. 4). The GISbased realignment site location criteria were used to minimise the
opportunity costs of realignment involving signiﬁcant social justice/
ethical concerns: urban centres were assumed to be protected and
therefore excluded from the analysis; and only the sacriﬁce of agricultural land for the purpose of saltmarsh recreation was taken into
account. However, as food security issues continue to rise up the
policy agenda the sacriﬁce of any usable agricultural land will result in
escalating opportunity costs.
3.1.1.1. Humber estuary. The Humber estuary is one of the largest in
the UK with a maximum tidal length of 147 km from Cromwell Weir
on the Trent to the Humber’s mouth, and a maximum width of
15 km. The Humber is of international importance for wildlife with
a large area of inter-tidal habitat, mostly mudﬂats and sandﬂats and
some saltmarsh (Turner et al., 2007).
The suitable areas of realignment identiﬁed via GIS layers were
combined with four possible future policy scenarios: business-asusual (BAU), which takes into account existing realignment
schemes; policy targets (PT), in which economic growth is
combined with environmental protection; deep green (DG) is
a scenario in which environmental protection takes priority over
economic growth; and extended deep green (EDG) places even
a greater emphasis on habitat creation than the DG scenario. The
extent of realignment areas increases from the BAU through the
EDG scenario. A status quo scenario, called hold the line (HTL),
acted as a baseline against which other scenarios were evaluated. In
the HTL scenario existing defences are maintained to a satisfactory
standard, but loss of inter-tidal habitat will continue. A complete do
nothing strategy was not considered given the statutory duties
imposed on coastal protection and sea defence agencies. In the
analysis future sea level rise was taken into account in so far as
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Table 1
Details of areas suitable for realignment in the Humber and Blackwater estuary
(Adapted from Turner et al. (2007)).
Scenarios

Humber estuary
Length of defences before
realignment (km)
Length of defences after
realignment (km)
Length of realigned
defences (km)
Amount of inter-tidal habitat
created by realignment (ha)
Estimated amount of lost
agricultural areas (ha)
Estimated tonnes of carbon
stored each year (t)a
Blackwater estuary
Length of defences before
realignment (km)
Length of defences after
realignment (km)
Length of realigned
defences (km)
Amount of inter-tidal habitat
created by realignment (ha)
Estimated amount of lost
agricultural areas (ha)
Estimated tonnes of carbon
stored each year (t)a

HTL

BAU

PT

DG

EDG

405.3

405.3

405.3

405.3

405.3

405.3

396.8

361.6

318.2

284.5

0.0

7.0

30.8

69.0

102.7

64.6

61.9

42.2

38.2

34.0

0.0

80.0

1320.9

2332.4

7493.6

0.0

38.4

634.1

1119.4

3597.1

124.1

NA

124.1

124.1

124.1

124.1

NA

121.2

106.5

85.66

0

NA

2.9

18.4

40.17

0

NA

81.6

816.5

2404.1

0

NA

9.9

365.9

886.8

0

NA

21.70

217.19

639.49

a
Estimates of the carbon storage capacity of newly created inter-tidal habitat are
derived from (Andrews et al., 2000) for the Humber estuary and from (Adams, 2008)
for the Blackwater estuary.

current sea defence policy includes an allowance for increased risk
in line with the United Kingdom Climate Impacts Programme
(2002) (UKCIP02) information. However, due to uncertainty over
the loss of inter-tidal habitat because of coastal squeeze over the
next 50 years, it was assumed that no further coastal squeeze takes
place.7 Details of the areas that were identiﬁed as suitable for
realignment in the Humber (length of defences before and after
realignment; length of realigned defences; amount of inter-tidal
habitat created by realignment; estimated amount of lost agricultural areas; and estimated tonnes of carbon stored each year) are
illustrated in Table 1.
3.1.1.2. Blackwater estuary. The Blackwater estuary covers 5500 ha
with open water, mudﬂats and saltmarshes.8 This case study builds
upon the Humber case study methodology. The same scenarios
were considered with the exception of the BAU scenario, because in
this study existing experimental realignment areas in the estuary
created between 1991e2002 e Tollesbury (21 ha), Orplands
(40 ha), Northy Island (0.6 ha) and Abbotts Hall (84 ha) e were
considered as current saltmarshes (in 2006). Utilising GIS methods,
we investigated only the potential for newly created saltmarsh
areas. The same GIS methodology and criteria applied in the
Humber (see Fig. 4) were focused on the Blackwater, see Table 1.
3.1.2. ESSS2 and ESSS3 e marginality and double counting (cost
and beneﬁt values of managed realignment schemes)
All CBA studies utilise marginal costs/beneﬁts changes and we
deal with some of the relevant issues in Section 3.3. In this section

7
If future sea level rise exceeds current expectations, or new estimates become
available, both traditional and MR strategies will need to be reappraised.
8
http://www.maldon.gov.uk/Leisure/ParksAndOpenSpaces/Parks/
BlackwaterþEstuary.htm.
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Table 2
Value of bass (£ per hectare) contributing to inshore ﬁshery after ﬁve years.
Survival parameter estimates:

Upper Mean Lower

Value per hectare at average wholesale price (£7/kg)
47.45
Value per hectare at lowest wholesale price (£4.50/kg) 30.50
Total weight (kg) of juvenile bass per hectare surviving 6.78
to 36 cm after 5 (or 4) years

11.55 1.93
7.43 1.24
1.65 0.28

we focus on the double counting dilemma. The potential problem
of double counting may occur where competing ecosystem services
are valued separately and the values aggregated (e.g. separate
valuation of recreational and industrial ﬁsh nurseries of the same
ﬁsh species); or, where an intermediate service (e.g. nutrient
cycling, or water quality) is ﬁrst valued separately, but also subsequently through its contribution to a ﬁnal service beneﬁt (e.g.
recreation gains from improved water quality). As in the Humber,
case study care was taken to ensure that the aggregation of beneﬁts
values was appropriate.
A CBA assessing the efﬁciency of MR schemes was undertaken
comparing costs and beneﬁts of the scheme. In the Blackwater case
study (in line with the Humber analysis) it was assumed that there
was no reduction in the level of protection (vis-à-vis hard defences)
where new saltmarshes were put in place. Market analysis was used
to estimate the cost savings on hard defences. In the Humber case
study, sea defences cost savings were estimated on the basis of
maintenance cost values at the time of the analysis (Black and Veatch/
Halcrow, 2005). For the Blackwater case study the maintenance costs
of non-realigned defences were based on data in the Environment
Agency Blackwater management strategy (Halcrow, forthcoming) for
the Blackwater and Colne estuaries. The cost of realigned defences
was assumed to be 50% of the non-realigned defences.
Compared to the Humber study, in the Blackwater new
geochemical and biological data from study site(s) ﬁeldwork
campaigns (Adams, 2008; Fonseca, 2009) were used to estimate the
value of carbon storage (climate change impacts mitigation) and
the value of an extra beneﬁt (ﬁsh production). Table 2 shows the
details of the ﬁsheries production.
An estimate of the ﬁsh production value in the newly created
saltmarsh nurseries (saltmarsh creeks) is obtained multiplying the
value per hectare of the ﬁsh species considered times the hectares
of new saltmarsh created. Linearity is assumed in the PT through
the EDG scenario (the bigger the extent of the saltmarsh, the higher
the ﬁsh productivity). The ﬁsh production function is calculated in
Fonseca (2009), and it is based on quantitative estimates of the
abundance of juvenile bass up to two years old. The estimated
annual abundance9 range of juvenile bass per hectare of saltmarsh
was applied to a range of average survival rates, to an approximate
length of 36 cm, the minimum size for legal commercial capture of
wild sea bass in the UK. These estimates10 were then applied to
a range of local market values for wild-caught bass11 to estimate
their economic contribution to the local inshore ﬁshery in units of
kg of bass per hectare of saltmarsh. The ﬁsh considered were only

9
The abundance is based on Fonseca’s catch per 0.1 ha and extrapolated for the
size of the site.
10
These estimates are only a guideline and are based on a number of ecological
and economic assumptions. The assumptions are that the following are constant:
water volume, ﬁsh distribution, habitat quality, catchability, the total yield of bass
from a number of different cohorts in any one year equals one cohort over the
whole of its life span, the ecological carrying capacity and resilience of the estuary,
the biological and physical processes determining supply of 0 to 3-group bass to the
saltmarshes over time, the natural and ﬁshing mortality rate, the migration of 3and 4 group bass away from the local market, and the price at local market.
11
The price of wild-caught bass is very volatile and can be inﬂuenced by the
farmed bass market (Fishing News, JanuaryeSeptember 2007; Campbell I., Essex
Sea Fisheries Ofﬁcer, personal communication).
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Table 3
Net carbon burial per year, amended to take account of greenhouse gases production
(CH4 and N2O converted in CO2eq using Greenhouse Warming Potential e GWPs). 1.5
and 6 mm assumed sedimentation rate. All ﬁgures are in tonnes, per hectare, per
year.
Relic and
spartina
marsh

C
burial

CH4
(actual
ﬂux)

CH4
(CO2eq)

N2O
(actual
ﬂux)

N2O
(CO2eq)

Net C
burial
(C sequestration)

1.5 mm
6 mm

1.027
4.108

0.0012
0.0012

0.025
0.025

0.00237
0.00237

0.735
0.735

0.266
3.347

those species sold in the market12 and were therefore valued using
market analysis. Table 2 shows the value of bass per hectare
contributing to inshore ﬁshery after ﬁve years and for every year
thereafter, so for the ﬁrst ﬁve years in the CBA tables the value of
ﬁsheries is set to zero. Following a conservative approach, the value
of bass chosen for the CBA is the mean value per hectare at lowest
wholesale price.13 It is also the case that other ﬁsh species (non
commercial) beneﬁt but this value was not estimated.
Climate change impacts mitigation can be difﬁcult to value
because the (positive) capture of greenhouses gases has to be
balanced against the (negative) release of greenhouse gases in the
atmosphere in the process of carbon storage. However, it has been
shown that this releasing phenomenon is less likely to occur in saltmarsh areas than in fresh water marsh areas. Table 3 shows the details
of the carbon storage for the Blackwater estuary. The net carbon burial
(positive numbers give net carbon burial/sequestration, negative
numbers give net release of greenhouse gases) per year, amended to
take account of greenhouse gases production (CH4 and N2O converted
in CO2eq using Greenhouse Warming Potential GWPs),14 assuming
1.5 mm and 6 mm sedimentation rates respectively in areas with relic
and spartina marsh. In both cases there is a positive carbon sequestration: 0.266/t/ha/yr; and 3.347/t/ha/yr. Carbon storage was valued,
as in the Humber study, with the damage cost avoided method i.e. the
monetary value of the avoided carbon releases to the atmosphere
because of storage (Pearce, 2003; Stern, 2007; Tol, 2005).
For the purpose of sensitivity analysis in both estuary case studies
different values of carbon storage were used. In the Humber estuary
three distinct values were used: £45 in 2005 (Tol, 2005); £222/tC
(Tol, 2005); £4/tC (Pearce, 2003). In the Blackwater case study four
different prices were considered: the highest price that could be
used is the ﬁgure suggested formerly by Pearce et al. (1996) and
conﬁrmed by Tol (2005) of about £30 in 2007; another much lower
ﬁgure that could be applied is £7, which is in the range of the estimates recommended by the Second Assessment Report (Arrow et al.,
1996) as well as in the range suggested by Pearce et al. (1996) and
conﬁrmed by Li et al. (2004); another more recent estimate for the
social cost of carbon (SCC) is the ﬁgure proposed by the Stern Review
(2007): $85/tCO2, which is equal to $350/tC in 2005 prices (Stern,
2007; Nordhaus, 2007), which is around £230/tC in 2007.
However, as reported by Tol (2008) in a meta-analysis on estimates

12
The only nursery grounds producing enough marketed ﬁsh were those of sea
bass, which was therefore the only species valued.
13
The survival rates were calculated after: Lorenzen (1996).
14
Since CO2, CH4 and N2O all absorb different amounts and frequencies of radiation, and have different atmospheric residence times, the amounts of each gas
cannot be compared directly, either as mass to mass or volume to volume. To make
such a comparison the masses of each gas are ﬁrst converted using the Greenhouse
Warming Potential (GWP). Over a 100 year time frame the GWP of CH4 is 21
meaning that it contributes 21 times more to anthropogenic global warming than
an equal amount of CO2. Over the same time frame the GWP of N2O is 310 (Forster
et al., 2007). The conversion gives carbon dioxide equivalent (CO2eq) values of the
greenhouse gases allowing a meaningful comparison of carbon burial and greenhouse gas ﬂuxes in inter-tidal areas.

of the social cost of carbon, the Stern (2007) estimate is almost an
outlier. Another ﬁgure is given by the mean price of traded carbon
that in October 2007 was equal to €21.5015 which is about £15.
In the Humber estuary case study an indicative value of recreation and amenity beneﬁts was obtained using beneﬁt transfer
values on the basis of the results of a meta-analysis on wetland
values (Woodward and Wui, 2001). Environmental beneﬁts transfer is a technique by which the results of previous monetary
environmental values originally estimated at one site are ‘transferred’ to another site in a new policy or new decision making
context. The advantages of using this technique include ﬁnancial
and time resource savings. Potential disadvantages are the fact that
the valuation studies used for the meta-analysis on which a beneﬁt
transfer value is based, might not have the exact same characteristics of the good or the area under investigation.
In the Blackwater estuary case study, the amenity and recreation
beneﬁt was estimated (willingness to pay) in situ with a sitespeciﬁc stated preferences study: a choice experiment (CE). Stated
preference techniques are survey based studies in which respondents are asked to state their willingness to pay (or willingness to
accept) a policy against a status quo policy or other policies. With
this technique there is the advantage of having a valuation speciﬁc
to the area of interest. However, the application of this methodology is not without criticism because respondents might not be
familiar with the object of the investigation and the valuation
results can be biased by unexpected behavioural effects. In a choice
experiment respondents are asked to make a choice between
alternative goods or policies that are speciﬁed with several attributes and different levels of those attributes (choice set). Conventionally, in one questionnaire an individual is asked to state his/her
preference over more than one choice set. Based on the ecosystem
services approach, the expected water quality improvement and
biodiversity enhancement (including ﬁsheries not sold in the
market) are assumed to be captured by the value estimated (willingness to pay) for the recreational value of the newly created
saltmarshes. The choice experiment design, survey and results are
illustrated in detail in Section 3.1.3.
3.1.3. Blackwater saltmarsh amenity and recreation choice
experiment
3.1.3.1. Design and survey. In the Blackwater estuary, management
strategies have been proposed to provide sustainable ﬂood defence,
and experiments have been running since 1990s on the managed
realignment of the coast (at Tollesbury, Orplands, Northy Island and
Abbott’s Hall) to mitigate ﬂood risk. Fig. 5 shows the study and
sampling area, and the managed realignment sites already implemented in the estuary.
Following a series of preliminary meetings and focus group
investigations the following attributes and their units of
measurement were selected (Table 4):
 The area of new saltmarshes to be created16 (variable label
‘AREA’); measured both as acres17 and as the corresponding
number of football pitches18;

15
That value is reported by http://www.pointcarbon.com. It should be noticed
that this price is higher than usual due to the dollar price that in the same period
was anomalously going down.
16
The extent of saltmarsh for the AREA attribute based on the future scenarios
assumed was determined using GIS techniques as described for the Humber
estuary.
17
For the econometric analysis the acres were then converted in hectares.
18
In British English a football pitch is the expression to deﬁne a football ﬁeld. In
other words, the football pitch deﬁnes the extent of the play ground of a football
stadium.
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Fig. 5. Study and sampling area map.

 Bird species observable (‘BIRDS’): measured as the number of
protected species returning in the estuary and reﬂecting the
quality level of the environment in the area19;
 Distance from respondent’s home to the nearest site
(‘DISTANCE’); measured in miles. As shown in Table 4, the
correspondent attribute levels are divided into those seen by
the ‘Far’ sample (living in Norfolk and Suffolk) and those seen
by the ‘Near’ sample (living in Essex);
 Whether the created saltmarsh would be open-access or not
(‘ACCESS’): a simple binary variable;
 Increase in the respondent’s annual local (council) tax to pay
for the option (‘TAX’); measured in £ per household per annum.
Choice sets were determined based on a fractional factorial
design. Each respondent answered eight choice questions, each
consisting of two options: a status quo option, representing the
current situation; and an alternative, in which new saltmarshes
were created. The questionnaire included some introductory
sections to inform respondents about saltmarshes and to test their
familiarity with such environments. The hypothetical policy of MR
for the Blackwater was introduced explaining that the policy would
not change the level of ﬂood protection and listing the ecosystem
service beneﬁts of saltmarshes explicitly. The number of bird
species in a saltmarsh was used as a good indicator of general
environmental quality. A speciﬁc section introduced the respondents to the choice sets of the CE in which each attribute was fully
explained. To verify the level of understanding of the respondent
(data quality check) a ﬁnal question openly asking what the
respondent was thinking while making each choice was asked soon

19
Birds represent a ﬁnal link in the food chain of salt marshes, and they also
represent saltmarsh biodiversity in general (non-use values), so higher numbers of
protected bird species within the estuary were taken as a proxy for greater environmental quality in the area.

after the last choice set. Respondents’ socio-demographic characteristics were also recorded. Interviews were conducted by a team
of trained interviewers at various locations within both the ‘Near’
(within Essex) and the ‘Far’ (within Norfolk and Suffolk) distance
zones.20
3.1.3.2. Results and discussion. A total sample of some 508
completed questionnaires was obtained of which 162 originated
within the ‘Far’ zone and 346 from the ‘Near’ area. A t-test and
a KruskaleWallis test on socio-economic variables showed that the
sub-samples are highly similar in their characteristics. The data also
ﬁt quite well with the statistics of the national population.
To value the composite environmental beneﬁt for the CBA, the
willingness to pay (WTP) for saltmarsh creation in the Blackwater
was calculated on the econometric model estimated for the ‘Near’
sample.21 To take account of the fact that each individual made
eight choices, a random effects logit model22 was estimated. The
speciﬁcation for the model estimated is the following:

Vij ¼ b1 CONSTij þ b2 LnAREAij þ b3 BIRD3ij þ b4 BIRD4ij
þ b5 BIRD5ij  b6 DISTij þ b7 ACCij  b8 TAXij

20
Non-probability sampling techniques were adopted, a convenient and
frequently used approach for hypothesis testing purposes. The survey was conducted over six weeks during summer 2006.
21
The results of the econometric model for the ‘Far’, and a Pooled sample, are
presented elsewhere (Luisetti et al., in press).
22
The logit model is used to model the probability of occurrence of binary
responses (yes/no; or, in the case of a choice experiment, preference e choice e
over alternative options). In a binary choice experiment the probability that individual i prefers alternative
1 over alternative 0 (the status quo) is modelled by:
ExpðXi’ bÞ
PðYi ¼ 1Þ ¼ 1þExpðX
’ b where Yi is a bivariate random variable (the choice of indiÞ
i
vidual i); Xi’ is a vector of explanatory variables (attributes etc.) and b is the corresponding parameter vector. The model is then estimated by maximum likelihood
(Greene, 2007; Kanninen, 2000).
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Table 4
Attribute levels used in the choice experiment design.
Attribute

Variable
label

Levels

Area of new saltmarshes

AREA

Number of protected
bird species observable
Distance from
respondent’s home
(in miles)

BIRDS

25acres ¼ 10fpa
74acres ¼ 30fp
123acres ¼ 50fp
173acres ¼ 70fp
2, 3, 4, 5 species

DISTANCE

Access to the saltmarshes
Increase in respondent’s
council tax per year
a

Near sample:
2, 12, 22, 32 miles
Far sample:
42, 52, 62, 72 miles
Yes; No
£2, £6, £10, £14

ACCESS
TAX

fp stands for football pitches.

where Vij is the deterministic part of utility inﬂuenced by the choice
set attributes presented to individual i (i ¼ 1,.,N) in choice question j (j ¼ 1,.,Ji e in the general case the choice questions range
from one to a person speciﬁc Ji; in this study Ji is equal eight for all
respondents) and the bs are the estimated coefﬁcients of the variables deﬁned in Table 4.
The results of the model estimation are shown in Table 5.
The CONSTANT is positive but not signiﬁcant meaning that,
everything else held constant, the respondents receive more utility
from the new saltmarsh projects going ahead than not.
The attribute LnAREA is highly signiﬁcant and of the expected
sign. It is reasonable to think that locals prefer a bigger area to
a smaller one. Although a random effects logit model with the AREA
coefﬁcient provided a positive and highly signiﬁcant (99%) coefﬁcient, from an economic point of view this result did not seem
sensible. For that reason, the functional form of the AREA attribute
is assumed to be non-linear. We therefore assume a log-linear
relationship for the attribute AREA rather than a linear relationship
because the natural logarithm of the AREA seems intuitively the
correct functional form for the attribute AREA.
The BIRDS attribute, representing the quality of the environment,
was initially modelled using a single linear variable. However, such
a form yields a signiﬁcantly lower degree of explanation than the
more ﬂexible, non-linear speciﬁcation permitted by the use of the
dummy variables BIRD3, BIRD4 and BIRD5. All three dummy variables were signiﬁcant and of the expected positive sign indicating
that providing habitat for a higher number of endangered bird
species results in higher utility levels. An examination of parameter
values suggests that the satiation point is attained at the BIRD4 level
suggesting a positive but declining marginal WTP for bird habitat.
Table 5
Random effects logit model for the ‘Near’ sample.
Variables

Coefﬁcient

Standard error

P-value

CONSTANT
LnAREA
BIRD3
BIRD4
BIRD5
DISTANCE
ACCESS
TAX

0.2754
0.2519
0.4172
0.6936
0.8078
0.0118
0.9745
0.2261

0.2581
0.0609
0.1137
0.1224
0.1070
0.0035
0.0615
0.0080

0.2860
0.0000
0.0002
0.0000
0.0000
0.0010
0.0000
0.0000

Rho

0.2368

0.0212

0.0000

LL
P-value
Correct predictions
Individuals
Choice questions

1399.659
0.00010
73.48%
346
8

The attribute ACCESS turns out to be positive, as expected, and
signiﬁcant. That means that respondents are interested in seeing
and enjoying the natural environment of saltmarshes.
The DISTANCE variable has the expected negative parameter
value and is signiﬁcant. This result shows that, as expected, the
utility of new wetland sites diminishes the further away they are
from the individual’s home (an effect known as ‘distance decay’). A
deeper analysis of the distance variable highlights the non-linearity
of this attribute (ESSS4). The use of dummy variables for each level
of the attribute distance for the ‘Near’ sample shows that respondents have a lower level of utility for the ﬁrst attribute level (2
miles) than for the second (12 miles). The former was probably
perceived as a ‘too’ close home location to the coast, where the risk
of ﬂooding is perceived to be higher. The following attribute levels
have, as predicted by the distance decay, a lower utility than the
ﬁrst and the second attribute level. A behaviour similar to the one
observed by the hedonic literature.
The cost variable, TAX, is highly signiﬁcant and of the expected
negative sign. It represents the cost the respondents were asked to
bear for the creation of new saltmarsh areas in the Blackwater
estuary. The results show that the probability of choosing Option A
diminishes as its cost increases.
Finally, the rho coefﬁcient is statistically different from zero
conﬁrming that the use of a random effects logit model for our
speciﬁcation was appropriate.
3.1.3.3. Willingness to pay estimates. Aggregated willingness to pay
(WTP) estimates are more appropriate for use in the cost-beneﬁt
analysis than the marginal WTP (MWTP) for single attributes,
because the WTP is basically the value for a change in a hypothetical policy and it is possible to derive as many WTP estimates as the
policies considered depending on the attributes and attribute levels
selected. For each policy, instead, MWTPs are the implicit prices for
each attribute of the choice experiment (CE). So, in order to
calculate the WTP, we need to deﬁne the policy options and to
estimate the MWTPs (Table 6). Multiplying attribute’s MWTPs with
the selected attribute levels, and summing them up together, we
get the value of the WTP (Kanninen, 2000; Haab and McConnell,
2002).
In the speciﬁcation of the model for the econometric analysis of
the choice experiment, we assumed that the attribute AREA was not
linear. After investigation, the logarithmic functional form for this
attribute seemed to be most appropriate.23 That means that the
WTP for the attribute AREA does not tell us the respondents’ WTP
for 1 ha increase in the creation of new saltmarshes. Instead, the
result in Table 6 describes the WTP for a marginal increment of the
natural logarithm of the area.
The use of dummy variables for the BIRDS coefﬁcient (BIRD3,
BIRD4 and BIRD5) allows us to quantify the MWTP of the respondents when they were offered one, two, or three more endangered
species respectively, over the basic conservation level of two
species. This attribute was used in the CE as an index of general
environmental quality of the area and hence representing the

23
Non-linearity was investigated with two random effects logit models: a model
with the variable AREA and AREA square and a model with the natural logarithm of
the variable AREA. The ﬁrst model was run to verify if a non-linear model was
actually superior. The second model was run because intuitively considered the
more sensible functional form for the attribute AREA. In fact, the quadratic form of
the attribute assumes, after a speciﬁc point, a declining preference for that attribute. The logarithmic form, instead, assumes that once reached a speciﬁc point the
preference for the attribute AREA would stay the same. The ﬁrst model shows an
AREA square coefﬁcient negative, but not signiﬁcant indicating that a linear model
would ﬁt better. However, the model with the logarithm shows a positive and
highly signiﬁcant (99% level) coefﬁcient, providing evidence of the appropriateness
of this model.
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Table 6
Implicit prices for the choice experiment attributes (Marginal willingness to pay Marginal WTP) in the Near sample.
Attribute

Unit

Attribute coefﬁcients

Marginal WTP (£)1

LnAREA
BIRD3
BIRD4
BIRD5
ACCESS

Hectares
Number of bird species
Number of bird species
Number of bird species
yes/no

0.2519
0.4172
0.6937
0.8078
0.9746

1.11
1.84
3.07
3.57
4.31

Notes: 1. Tax coefﬁcients: Near sample ¼ 0.2261.

non-use values. The interaction effects between the dummies for
BIRDS and the attribute ACCESS were not signiﬁcant revealing that
respondents did not assign any use values to the attribute BIRDS. So
the variables BIRD3, BIRD4 and BIRD5 represent ascending levels of
environmental quality and their MWTPs represent their respective
implicit prices. It is worth noting that respondents assigned similar
economic values to the higher levels of environmental quality and
to the ACCESS attribute.
The attribute ACCESS was dummy coded. The MWTP for that
attribute represents the value that respondents give to the access to
new saltmarshes, and the potential to visit and enjoy them representing the use value of the saltmarshes.
An aggregated WTP for two different policies creating new
saltmarshes in the Blackwater estuary was then calculated. That
WTP represents the estimated value for the amenity and recreation
beneﬁts (as a composite environmental beneﬁt, biodiversity is
included in that beneﬁt as a ﬁnal service so to avoid double
counting) that will be inserted in the CBA. Policy 1 in Equation (4),
encompasses use and non-use values of the saltmarshes, and the
aggregated WTP is deﬁned for a policy involving a given extent of
new saltmarsh area created (corresponding to the realignment
scenarios) and for a high (BIRD5 variable) level of environmental
quality, involving different distances, and with the possibility of
access.

WTP ¼

b2
b
b
b
LnAREA þ 5 BIRD5  6 DIST þ 7 ACC
b8
b8
b8
b8

(4)

where b8 is the coefﬁcient for the cost attribute, b2, b5, b6, andb7 are
the coefﬁcients for the LnAREA, BIRD5, DISTANCE, and ACCESS
attribute respectively.
Policy 2 is similar to Policy 1 but follows a conservative
approach (utilising only use values) as shown in Equation (5) where
the variable BIRD5 is dropped from the equation:

WTP ¼

b2
b
b
LnAREA  6 DIST þ 7 ACC
b8
b8
b8

(5)

Given the non-signiﬁcance of the constant coefﬁcient, and based
on Morrison et al. (2002), the authors decided not to include
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a constant in these equations because its inclusion requires the
assumption that unobserved aspects of improved wetland quality
(those aspects not measured by the attributes) are the same across
wetlands if surplus estimates are to be used for beneﬁt transfer.
The variable DISTANCE provides a key determinant of the
aggregated WTP that allows for non-linearities (ESSS4). Considering that distance decay values were revealed in the econometric
analysis, in this study, an approach similar to the one used by
Bateman et al. (2006) for the aggregation of the WTP is applied. The
GIS was used to calculate the distances from each town representing an Essex district to Abbott’s Hall (Essex), a well known
managed realignment site located in the estuary. Districts and
relative distances were categorised in four groups: 8, 15, 23 and 32
miles. WTP at each distance band is calculated by multiplying the
population of that area by the mean household WTP for that area
for the improvement under consideration. The total WTP for Essex
is obtained by simply summing across areas. Inserting in the policy
equations the extent of the new saltmarsh area created for each
scenario, the aggregated WTP for the PT, DG and EDG scenarios was
calculated as reported in Table 7.
In the PT scenario the area of saltmarsh created is 81.6 ha. This
generates an aggregate WTP of over £6 million of which more than
£4 million is use value. The DG generates 10 times the area of
saltmarsh (816.5 ha) in respect to the PT scenario, however total
and use values only increase by just over 20% and 30% respectively
to £7.7 and £5.8 million. Similarly, while the EDG scenario further
increases saltmarsh area (2404.1 ha) to nearly 30 times the PT area,
total and use-only values are only just over 30% and 45% larger (at
£8.3 and £6.4 million). Such results conform strongly to prior
economic expectations regarding diminishing marginal utility
generated by provision of additional areas of environmental
quality. Essentially the initial units of improvement are considered
to be of signiﬁcantly higher value than are the subsequent
additions.
The results highlight the error inherent in calculating constant
unit values of provision of environmental enhancements. What
cannot be observed from what is effectively a single site model is
the further variation in values which would arise through locating
these enhancements in alternative areas. We would expect such
values to rise as we locate enhancements nearer to larger populations and fall as we locate within areas of greater substitute
availability.
3.1.4. Costs and beneﬁts e summary
A summary of the costs and of the ecosystem beneﬁts and
related values for both estuary case studies is reported in Table 8.
The costs identiﬁed in both case studies are those common to any
MR scheme: capital costs of realignment; lost agricultural land
costs based on sale prices (Defra, 2004, 2005). Replacement costs of
defences were only considered for the Humber case study as for the

Table 7
Aggregated willingness to pay (WTP) for the Blackwater saltmarshes under the Policy Targets (PT), Deep Green (DG) and Extended Deep Green (EDG) scenarios (£ thousand).
PT: 81.6 Hectares
Distance to
Abbott’s Hall
(miles)

Households
population

8
15
23
32

63706
349836
97974
33185

DG: 816.5 Hectares

EDG: 2404.1 Hectares

WTP

WTP

WTP

WTP

WTP

WTP

use and non-use values

use values only

use and non-use values

use values only

use and non-use values

use values only

Beneﬁts (£/yr)

Beneﬁts (£/yr)

Beneﬁts (£/yr)

Beneﬁts (£/yr)

Beneﬁts (£/yr)

Beneﬁts (£/yr)

771
4107
1109
360

547
2875
764
243

930
4981
1354
443

706
3749
1009
326

1005
5392
1469
482

781
4160
1124
365

6347

4429

7708

5790

8348

6430
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Table 8
Values used to estimate the costs and the beneﬁts of realignment for the Blackwater
estuary (2007 base year).
Costs and beneﬁts

Capital costs of realignmentb
Replacement costsc
Maintenance cost of
non-realigned
defencesd
Maintenance cost of
realigned defencese
Opportunity costs
Grade 1 and 2
agricultural landf
Grade 3 agricultural landf
Beneﬁts
Amenity and recreationg
Carbon sequestration
beneﬁts
Fish nursery beneﬁts

Humber

Blackwater

Value at time of
reference (2005)a

Value at time of
reference (2007)a

£878,159/km
£668,441/km
£3560/km/yr

£929,252/km
n/a
£866/km/yr

£1780/km/yr

£433/km/yr

£4790/ha

NA

£5458/ha

£5138/ha

£621/ha/yr
£222; £45; £4/tC

see Table 7
£230; £30; £15 and £7/tC

n/a

£7.43/ha

n/a denotes aspects of one cost or beneﬁt that were not available for one case study
or the other.
a
All values are converted to 2005 prices for the Humber estuary and to 2007
prices for the Blackwater estuary using the GDP deﬂators published by HM treasury
(http://www.hm-treasury.gov.uk/).
b
Costs based on contemporary realignment schemes (Halcrow, 2000).
c
Only the costs of replacing unsatisfactory defences (Defra, 2001)not affected by
realignment are included.
d
Maintenance costs are taken from Black and Veatch/Halcrow (2005) for the
Humber case study. These are assumed to increase in the future due to the effects of
climate change. Following current government guidance (Penning-Rowsell et al.,
2005) maintenance costs are increased by a factor of 1.5 for the period between
20 and 50 years into the future and by a factor of 2 for years further into the future.
For the Blackwater, values are based on EA Blackwater management strategy
(Halcrow, 2007) for the Blackwater and Colne estuaries.
e
Assuming maintenance cost being 50% than for non-realigned defences.
f
Based on sale prices (Humber e (Defra, 2004)); Blackwater, (Defra, 2005)and
adjusted downwards for the effects of the single farm payment following (PenningRowsell et al., 2005).
g
For the Humber, beneﬁt transfer values were used. For the Blackwater the WTP
values reported in Table 7 were used.

Blackwater there was no data available. The beneﬁts values shown
in the table are those reported in Sections 3.1.2 and 3.1.3.
3.2. Results e a comparison
For both case studies the PV of the proposed managed realignment projects have been calculated for a time horizon of 25, 50 and
100 years and with different positive discount rates: a constant rate
(3.5%); a declining rate (3.5% for years 1e30, 3% for years 31e75,
2.5% for years 76e125) following current HM treasury guidance for
project appraisal (HMT, 2003); and the declining gamma
(Weitzman, 2001) discounting method (4% for years 1e5, 3% for
years 6e25, 2% for years 26e75, 1% for years 76e300). The results of
the analysis showed positive net present values (NPVs) for both
estuaries.
As Table 10 shows, in the Humber NPVs are positive for periods of
time longer than 25 years e the longer the time horizon, the more
economically efﬁcient is the policy. The results of the CBA for the
Blackwater estuary are even stronger than those of the Humber.
NPVs are positive under any MR scenario examined and for any
period of time considered. These results are achieved even when
a set of quite conservative assumptions (use values only) are
adopted for possible realignment policies in the Blackwater.
Evidently, the use of site-speciﬁc (as opposed to beneﬁt transfer
data) value estimates derived via choice experiment for the amenity

Table 9
Net present values (NPVs) in the Blackwater case study using conservative values
(only use values) different discount rates (£ million)a.
25yrs

50 yrs

100 yrs

70.29

101.18

119.8

76.71

117.21

141.59

64.71

109.84

137.01

70.29

156.21

315

76.71

189.31

397.39

64.71

190.18

422.05

82.9

169.41

353.5

93.24

206.6

447.84

83.14

209.46

478.26

Discount rate: constant
Policy targets (PT)
NPV [ PV(PT) e PV(HTL)b
Deep green (DG)
NPV [ PV(DG) e PV(HTL)
Extended deep green (EDG)
NPV [ PV(EDG) e PV(HTL)
Discount rate: declining
Policy targets (PT)
NPV [ PV(PT) e PV(HTL)
Deep green (DG)
NPV [ PV(DG) e PV(HTL)
Extended deep green (EDG)
NPV [ PV(EDG) e PV(HTL)
Discount rate: gamma
Policy targets (PT)
NPV [ PV(PT) e PV(HTL)
Deep green (DG)
NPV [ PV(DG) e PV(HTL)
Extended deep green (EDG)
NPV [ PV(EDG) e PV(HTL)

Discount approaches and rates applied: constant (3.5%); declining (3.5% for years
1e30, 3% for years 31e75, 2.5% for years 76e125) (HMT, 2003); gamma discounting
method (4% for years 1e5, 3% for years 6e25, 2% for years 26e75, 1% for years
76e300) (Weitzman, 2001).
a
Carbon valued at £7.
b
The present value (PV) of the hold the line (HTL) scenario is always negative
because it is assumed that, in the present scenario, beneﬁts are zero.

and recreation beneﬁt (composite environmental beneﬁt), which
dominates over carbon storage24 and ﬁsheries beneﬁts, has served
to reinforce the positive NPV ﬁndings of the Humber study. The
beneﬁt transfer values used for the Humber gave a general value of
wetlands per hectare. Our choice experiment was designed to be
site-speciﬁc and to calculate more properly the WTP values which
differ depending on the distance between the respondents’ home
and the new inter-tidal habitat created. The aggregated WTP value is
then calculated in the policy equations (Equations (4) and (5)) for
any size of wetlands as we did for each scenario. A sensitivity
analysis applying different discounting approaches was conducted
allowing us to study the inﬂuence that each discount approach has
on the costs and beneﬁts involved in the appraisal of MR projects
under the four scenarios considered (see Table 9): the higher the
discount rate the lower the value of future costs and beneﬁts. As
expected, the gamma discounting suggesting lower discount rates
for longer time horizons than the other discounting approaches
gives more weight to future costs and beneﬁts than the other
discount methods resulting in a higher PV of beneﬁts. Because of its
inter-generational fairness bias, we believe that a more pragmatic
approach to discounting for public project appraisal seems to be the
application of a declining discount rate. On the related matter of
inter-temporal consistency, we assume that the decision makers are
in the end only human beings in a policy world of continually
changing circumstances and inevitable inconsistencies.
It is also worth noticing that the opportunity costs involved at
the selected realignment sites were by design relatively low i.e.
absence of people and property etc. However, in the future the
‘value’ of agricultural land may rise substantially as food production
requirements escalate. This is likely to increase opportunity costs
signiﬁcantly.

24
Little sensitivity is found also when the ﬁgure for the social cost of carbon used
by the Stern Review (Stern, 2007) e £230, which is one of the highest ﬁgures found
in literature e is applied in the analysis.
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Table 10
Comparing net present values (NPVs) for the Humber and the Blackwater estuary studies using conservative values (only use values) and a declining discount rate (HMT);
(£ million).
25yrs

50 yrs

Scenario

Humber

Blackwater*

Policy targets (PT)
NPV PT
NPV HTL
NPV(PT) e NPV(HTL)

73.23
70.40
L2.83

68.41
1.88
70.29

Deep green (DG)
NPV DG
NPV HTL
NPV(DG) e NPV(HTL)

97.32
70.40
L26.92

Extended deep green (EDG)
NPV EDG
NPV HTL
NPV(EDG) e NPV(HTL)

94.30
70.40
L23.90

100 yrs
Blackwater*

Humber

Blackwater*

82.22
86.01
3.79

152.25
3.96
156.21

92.27
100.93
8.66

307.19
7.81
315

74.83
1.88
76.71

101.42
86.01
L15.41

185.35
3.96
189.31

107.92
100.93
L6.99

389.58
7.81
397.39

62.83
1.88
64.71

74.48
86.01
11.53

186.22
3.96
190.18

63.83
100.93
37.10

414.24
7.81
422.05

3.2.1. ESSS4 e non-linearities
A comparison between the results of the Humber case study
published in Turner et al. (2007) and the results of the Blackwater
case study analysed in this paper is shown in Table 10.
Closer inspection of Tables 9 and 10 reveals a possible anomaly
in the NPVs. We would expect to see the beneﬁts growing from the
PT to the EDG scenario. However, for example, in the Blackwater it
is the DG scenario that has the highest positive value over the 25
years time horizon. Over the other time horizons the difference
between the NPV of the two scenarios (DG and EDG) is quite small.
A possible explanation relates to the length of defences to be
realigned. The EDG scenario has the longest length of defences to be
realigned, incurring higher costs of realignment, although most of
the areas of realignment were chosen where the elevation of the
land would not then require a secondary line of defence. When it is
assumed that none of the areas to be realigned in any scenarios
requires a secondary line of defences, the anomaly disappears. The
results for the two case studies highlight that the values are
sensitive to the scale of the realignment scheme and local topography. It means that we cannot deliver a general rule saying that the
DG is better than the EDG scenario, because the different values
depend, among other factors, on the extent of the MR scheme and
the speciﬁc topography of the region we are looking at.
The existence of non-linearities in ecosystem services provision
adds further complexity to their valuation and subsequent
management. Because many ecosystems typically respond nonlinearly to disturbances, their supply may seem to be relatively
unaffected by increasing perturbation, until they suddenly reach
a point at which a dramatic system changing response occurs. In
situations where non-linearities occur, one also cannot make the
assumption that marginal beneﬁt values are equally distributed. If
a cost-beneﬁt appraisal assumes linearity, but service provision is
in fact non-linear, policy option outcomes may be unnecessarily
polarised. Correspondingly, for ecosystem valuation to better
inform policy decisions, non-linearities need to be clearly understood and reﬂected in both ecological and economic analysis.

Humber

crossed. Since a threshold effect (ESSS5) refers to the point at which
an ecosystem may change abruptly into an alternative steady state,
for marginal analysis to hold true, the ‘next unit’ to be valued
should not be capable of tipping the system over a functional
threshold or ‘safe minimum standard’ (SMS).25 On the basis of
current scientiﬁc knowledge no threshold effects were thought to
be relevant in this analysis.
4. Conclusions
The case studies highlight the usefulness of the conceptual
framework and the sequential approach to valuation and policy
assessment outlined earlier in this paper. Spatial explicitness and
the use of GIS techniques were fundamentally important to scheme
appraisal. Marginality and double counting avoidance rules were
observed, which was especially important for the choice experiment and for the overall beneﬁts aggregation. Non-linearities were
evident in the attribute coefﬁcients of the choice experiment used
in the Blackwater case study, with the discovery of a distance decay
effect when respondents were asked to value the creation of new
marshes. These results show that, although MR schemes were
revealed to be efﬁcient for both the Humber and the Blackwater
estuary, this was only the case at carefully selected sites. While it is
possible to argue that a number of similar sites exist elsewhere in
the coastal zone, it is not appropriate to claim that as a generic rule
managed realignment is an economically efﬁcient option. Sites or
zones in which signiﬁcant numbers of people, property, and other
assets are potentially at risk present complex social decision
making contexts. In such circumstances CBA will provide useful but
not necessarily decisive information on trade-offs.
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