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Abstract

The east coast of England is under threat fromatinthange effects such as the sea level risehecalise of
isostatic movements. In the face of these problénes|UK government is reorientating its coastal agament
strategy with a view to increasing its flexibilignd adaptability. On the east coast this policytdwhas
included a series of managed realignment projegtsvlhich some sea defences are breached and the land
flooded. These projects result in the restoratibisadt marshes, which are a soft and more susttirfédod
defence helping to dissipate wave energy. Salt mearare considered as a benefit because theyrase ¢he
opportunity for biodiversity enhancement, as wedl expanded opportunities for amenity and recreation
Furthermore, carbon is stored underneath salt raansélping to mitigate the effects of climate chang

An ecosystem services approach was used to promidFamework for the cost-benefit analysis of
multifunctional coastal schemes in the Blackwattuary (Essex — UK). This method allowed a widegeanf
welfare impacts to be considered on a common monetzale. The valuation of ecological services sash
carbon storage, fish nurseries, and recreatioraarehity can be encompassed in this method.

A binary choice experiment was designed and a sureaducted in Essex, Norfolk and Suffolk (UK) ticie

the value of salt marshes created by a series ofagel realignments considered as a single prajethd
Blackwater estuary.

The final aggregate value of salt marshes was iteerted in a CBA assessing the efficiency of meansent
realignment schemes on a catchment level such astaary area together with the other benefithefproject:
carbon storage and fish nursery. The combined vebrkcience and economics produced interesting teesul
showing the economic efficiency of managed realignnprojects realised at an estuary scale level.

1. Introduction

A combination of driving pressures, including clim@ahange, is ‘forcing’ an escalation in the
rate of environmental change in coastal areas.t@loasne policy in the UK and Europe is

consequently being re-orientated towards a moregblle and adaptive approach, while linked
water catchment management is also being reforeullainder the Water Framework
Directive. A key component of this new thinking Wie managed realignment (ie setting
back of sea defences and erosion controls). Anypcenensive deployment of this strategy,
however, will be conditioned by a complex set oftées in a highly ‘contested’ political

economy context. Argumentation will be focused be trade offs between grater resource
efficiency, social justice, equity and compensatmjectives. The aim of this paper is
formulate and deploy a cost-benefit model and estesy services approach which quantifies

the economic gain and losses associated with eefutore adaptive coastal protection.



The research highlights that managed realignmeitypoeeds to be appraised across a more
extensive spatial end temporal scale than has Hemrcase in the traditional scheme-by
scheme coastal management system. Whole estuariesiltple coastal cells need to be
treated as a single ‘project’ encompassing a nundberealignment sites. A sequential
approach to the appraisal process should firsttiigeall sites in which the opportunity costs
of realignment do not involve significant sociakfjige/ethical concerns. In these cases an
efficiency-based CBA could provide the decisiveomfiation in policy choice (Randall, 2002;
Turner, 2007). In the cases where people, propettjure/historical assets end designated
freshwater conservation sites are part of the dppiy cost calculation, CBA will not be as
decisive and must be subsumed within a multi-gateecision support system and process.
Environmental change impacts such as climate chandebiodiversity loss often carry with
them long term consequences and so policy resporesesto be flexible and adapted to long
time horizons and future surprises. The standaré @Bactice of positive, fixed and short
term (<25 years) discounting does not sit easilfhwhese contexts but is critical in
determining whether as project/policy passes a @& There is now growing consensus on
the adoption of a time declining discount rate (DPRocedure over at least a 100 year time
horizon. Official guidance on UK public sector prof/policy appraisal now advocates such
an approach (HMT, 2003). As the process of enviremtiad change across local to regional
and up to the global scale has intensified andesmsxd in pace, so the risk posed to the
integrity and resilience of ecosystems, not leasbiastal areas, has increased in parallel. This
has required the adoption of what is called anystem services approach to support the case
for more protected areas or better managementustdisable use of ecosystems under threat
of conversion or degradation from economic develepniCostanza et al., 1997; Daily, 1997,
Daily and Ellison, 2002; Bockstael et al., 200;B#drd et al., 2002).

Recent research covering estuarine sites on thst afaEngland (Andrews et al, 2006;
Shepherd et al, 2007; Turner et al, 2007) has @&eécthat managed realignment schemes can
pass an economic efficiency test. Sensitivity asialyhas revealed that the results are
influenced by the valuation estimates used to aucéar the ecosystem services provided
through the schemes (eg recreation, amenity ardiVieisity gains). These previous studies
utilised benefits transfer methods to account fana of the ecosystem service values. The
study reported in this paper includes a site smeahoice experiment survey to elicit
ecosystem service values from the regional pomuigtroximate to the realignment scheme

at issue. In this sense the analysis represerdsiamce on the existing published studies, as



does the use of new biological and geochemical flata study site(s) fieldwork (C. Adams

ad L. Fonseca PhDs research) relevant to carboaggt@nd fish productivity benefits.

On the east coast of England managed realignmeR) (Mojects involve the deliberate
breaching of sea defences with the land behind tbensequentially being flooded. These
projects result in the creation/restoration of salarshes, which are a soft and more
sustainable flood defence which help to dissipaagerenergy. Salt marshes are disappearing
from coasts because of what is known as the ‘cbsgteeeze’ phenomenon. This arises when,
to protect coasts, sea walls are erected betweelatid and an intertidal habitat. Due to sea
level rise, that intertidal habitat is graduallgalpearing, constrained on one side by the sea
and on the other by sea walls. Managed realignmakows the intertidal habitat to naturally
move inland so that it can continue to protectabast. Salt marsh ecosystems create also the
opportunity for biodiversity enhancement, as wsllexpanded opportunities for amenity and

recreation and in that sense can be considerededibir society.

The study site reproduced in Figure 1 is the Blatkwestuary catchment area in Essex in the
East of England, Great Britain. The Blackwaterpgpraximately twelve miles and a half long
(from the city of Maldon to Mersea Island) and cavg 5,500 hectares with open water,
mudflats and saltmarshes

1 http://mww.maldon.gov.uk/Leisure/ParksAndOpenSpiRaks/Blackwater+Estuary.htm




Figure 1 Study area map.
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In addition to several nature designations, theaggtis a valuable asset in terms of heritage,
landscape, and marine environment, as well asagarg tourism, fishing agriculture and
riverside industry. Management strategies have Ipgeposed to provide sustainable flood
defence and experiments are underway on the maneggdinment of the coast (at
Tollesbury, Orplands, Northy Island and Abbott’dIHe mitigate flood risk.

Within the CBA, four scenarios were usedHmld the line’ (HTL) scenario that represents
the status quoin which the existing defences are maintained teaasfactory level but
intertidal habitat will be lost due to continuedvdlpment and coastal squeeze; a so called
‘Policy targets’ (PT) scenario in which economic growth is combimnéth environmental
protection, with realignment undertaken to reduoed defence expenditure and compensate
for past and future intertidal habitat loss; ‘Beep green’ (DG) scenario in which
environmental protection takes priority over ecomogrowth, while development continues;
an ‘Extended deep green scenariEDG) that emphasises the habitat creation usasg |



restrictive criteria to identify suitable areas faalignment. Thus the extent of managed

realignment increases from HTL through to EDG.

The future possible areas suitable for managedgreaént in the Blackwater estuary were
identified with GIS techniques applying the fivateria outlined in Turner et al. (2007) and

avoiding, for all the scenarios, military areas anchaeological sites.

2. Wetland Ecosystem services

There are several definitions provided for ecosysservices in the literature (Daily, 1997,
Costanza et al.,, 1997; Boyd and Banzhaf, 2007). Wiennium Assessment (MA)
developed the following general definition in 200®cosystem services are the benefits
people obtain from ecosystems”. That definitionid¢ ecosystem services irgdopporting
regulating provisioningand cultural services. As pointed out by Fishet al. (2008) and
Wallace (2007), when the focus is on the valuatibecosystem services, that definition can
lead to confusion because it lists both ‘ends’ andans’ as services. In other words, that
definition implies that the ecosystem servicestheebenefits for society, but at the same time
that the services are the means by which the leraf created. Since the main purpose of
this study is to assess the value of the benéifiisthe salt marshes in the Blackwater estuary
can bring to society, it is important to clarify athis an ecosystem service and what is a

benefit for society.

The definition proposed by Fishet al. (2008) clarifies the distinction between ecosystem
services and benefits and for that reason willdeun this studyecosystem services are the
aspects of ecosystems utilised (actively or palsgit@ produce human well-beingisheret

al. see ecosystem services as being the link betweesystems and things that humans
benefit from, not the benefits themselves. The $oisuon the benefits that humans receive
from the ecosystem. Ecosystem services includeystars organisation or structure (the
ecosystem classes) as well as ecosystem procesdefuractions (the way in which the
ecosystem operates). The processes and functi@esnieeservices only if there are humans
that (directly or indirectly) benefit from them. their definition of ecosystem services the key
feature is then the separation of ecosystem presessl functions into intermediate and final
services. Figure 2 summarises in a simple diagrésnvan ecosystem produces services and

hence benefits to humans. If humans are not thefiogaries of the examined ecosystem,



then we talk of ecosystem processes or ecosystectidas (Figure 2a) that lead to ecosystem
functioning outcomes. When the ecosystem processsésnctions lead to human benefits,

then they become services (intermediate and fer@ices) (Figure 2b).

Figure 2 Ecosystem services approach
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The general framework described in the previousiaecan be applied to any ecosystem.
Figure 3 is a more detailed version of Figure arx shows the ecosystem services provided

by the salt marshes in the Blackwater.



Figure 3 Classification of the wetland ecosystem iséces in the Blackwater and valuation methods ofte
benefits
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2.1 Ecosystem services in the Blackwater estuary

Four key benefits were identified for the salt rhass in the Blackwater: maintenance cost
savings on coastal defences; carbon sequestrdistnnurseries and productivity effects;
amenity and recreation together with biodiversityservation that were treated in this study

as a composite environmental benefit (CEB).

Intertidal habitats are considered a soft coasttdrte from flooding, so that a secondary line
of defence might not be necessary if the land ¢il@van the realigned site is adequate to act
as a sea defence. In those areas where a secatedine is still required, the intertidal

habitat will protect the new defence from the seguiring less maintenance. Defence
breaches are relatively low priority and for thaason a contingency cost is routinely

included in the overall maintenance cost estimimiesea defences.



Saltmarsh ecosystems are assumed to be areasdh sddiment burial can take place. As
reported by Jickells et al. (2000) and Andrewsle{2006), burial of sediments containing
organic matter within an estuary acts as a sinkctobon, nitrogen and phosphorous. The
storage of carbon in intertidal areas such as ratgdfind saltmarshes has an economic value
given consequent reductions in emissions of greesédngases. The value of the carbon stored
is then assessed through the damage cost avoideen e carbon is buried under fresh
water marshes, the storing process can create lgres@ gases such as methane that could
offset the effect of the carbon storage. Howeveathane is not a concern when the carbon is
stored under coastal marshes, where methane relesselow thanks to the salt water
involved. Assuming that salt marsh forms immediately follogvirealignmerft (Andrews et

al., 2006; French, 2006), two sedimentation ratesbbth mudflats and salt marshes were
estimated and the quantity of nutrients buried afipdor the two sedimentation rates were
calculated. Old and recent managed realignmerg Bit¢he Blackwater were sampled. The
first rate calculated is 1.5 mmi*awhich corresponds to the long term sustainabte ra
observed elsewhere (Shepherd et al., 2007). Thende6 mm & corresponds to the upper

limit which maybe achieved during the immediate post-realignmbate.

The economic value of the refugia service providgdhe new saltmarshes created through
managed realignment can be calculated via the ptmatufunction approach (Barbier, 1994;
Barbier, 2000). With this technique, the ecosysienvalued as an input into the fishery
production equation. The production function wattnested by fisheries experts sampling the
fish nurseries in two natural marshes adjacertacsites of Tollesbury and Abbott’s Hall and
a managed realignment site within Orplands. Theltesf the studied sites were combined to
get the final value estimate of saltmarsh nurseass was the only fish species with an
economic value investigated because sampling shawatd there were not enough fish

juveniles from the other species to be able totlsaythose areas are nursery grounds.

To avoid double counting the CBA for this studydakaccount only of independent goods
and services produced by the intertidal habitaatt@® as a single aggregate value. The
composite environmental benefit measures the ecanaatue of water quality, which in turn

enhances biodiversity that are fundamental fadimrsan enjoyable landscape, amenity and

recreation. Thus, for example, nutrient storagansintermediate service of the ecosystem,

2 After realignment it takes usually at least sixnifis before saltmarshes develop.



which indirectly leads to enhanced amenity ande&tion via improved water quality. As
noted in Barbier (1994) if the nutrient retentiamétion is integral to the maintenance of
biodiversity, then giving both nutrient retentiondabiodiversity separate monetary values
would double count the nutrient retention whichalseady ‘captured’ by the biodiversity
value. By valuing amenity and recreation, we amiractly valuing the basic factors for a

healthy saltmarsh ecosystem.

2.2 The monetary valuation of the ecosystem servie@ the Blackwater

Although different methodologies need to be appteedalue the benefits shown in Figure 3,
for the first three the value is easily calculateterring to their market value. The cost of
maintaining hard defences has a market priasd the cost of maintaining a second line of
defence is assumed to be half of the cost of tdedefence maintenance because of the
buffering provided by the intertidal habitat. Thalwe of fish nurseries can be inferred from
the market price of those fish species that growhesalt marsh creeks and are then sold in
the wholesale market. Carbon sequestration ancethgve carbon burial are more difficult to
estimate. Three different prices were considereithigrstudy: the highest price that could be
used is the figure suggested formerly by Pearad. ¢1996) and confirmed by Tol (2005) of
$50/tC (equivalent to about £30 in 2007); anothacimlower figure that could be applied is
£7, which is in the range of the estimates reconttedrby the Second Assessment Report
($5-125/tC) as well as in the range suggested layceg(2003) (£4.30-27/tC) and confirmed
by Li et al. (2004); another possible figure isagivby the mean price of traded carbon that in
October 2007 was equal to €21*5thich is about £15. A stated preference studyciviis
described in the following section, was conductecklicit from the public the composite

(amenity, recreation and biodiversity) value of Blackwater salt marshes.

3. Choice experiment: design

Giving the aim of finding a value of wetlands exgmed via people’s willingness to pay
(WTP), a choice experiment (CE) study was desigamed a survey conducted in Essex as

well as the neighbouring counties of Norfolk andf8k (UK) as shown in Figure 1.

% The maintenance cost taken from Halcrow (2007) amed for this analysis is not expected to vary
significantly with climate change.

* That value is reported byttp://www.pointcarbon.comit should be noticed that this price is higharthusual
due to the dollar price that in the same period arasmalously going down.




Following a series of preliminary and focus groupvestigations with policy makers,
stakeholders and members of the public, a setbates was identified to define the salient
features of the good and policy under investigatibhese attributes and their units of

measurement were as follows:

» The area of new salt-marshes to be created (variabel AREA); measured both as
acres (the most well understood standard unit & WK) and as the corresponding
number of football pitches (as a further approacérthance comprehension);

» Bird species observableBfRDS): measured as the number of protected speci&sya
policy focus;

» Distance from respondent’s home to the neares{'SH8§ TANCE); measured in miles;

* Whether the created salt-marsh would be open-acoeswt (ACCESS: a simple
binary variable;

* Increase in the respondent’s annual local (counai)to pay for the option TAX);

measured in £ per household per annum.

The extent of salt marsh for th&REA attribute was determined using GIS techniques
considering areas that could be reasonably craatdte estuary with managed realignment
and taking account of several constrdistsch as urbanised, military and archaeologicasare

and infrastructure as well as natural and protesited (SSSI and SAC).

Since birds are one of the final links in the fathin of salt marshes, and they also represent
saltmarsh biodiversity in general (non-use valudg®y were a good candidate to reflect the
quality of the environment in the area. The lowmanitl for the BIRDSattribute, which is also
the status qudevel, was determined as the number of the pretespecies of birds currently
living in the estuary (Wetlands Trust). The upparel was determined mostly on the base of

statistical properties required for the experimedésign.

The attributeACCESSvas dummy coded, and was used to uncover resptgeaference

for the recreation provided by salt marshes.

® Some restrictions for areas suitable for managatignment schemes are the same imposed by Turaér a
2007: the area below the High Spring Tide Leved; phesent land use of the area; the infrastruciitee area;
the historical context of the area; the spatialtexinof the area. Others, such as the existenegcbiaeological
and/or military sites, have been added in thisystud
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Since saltmarshes concern use and non-use vahegesisé of national taxes (as a payment
vehicle) was judged to be the appropriate for teasons: MR projects are implemented with
public expenditure and the benefits of the salthregsare available for both users and non-
users. However, it is well known in the literatdhat it is easy to get high positive rates of
response because the subjects do not believe hbgptwill have to pay the proposed tax
increase. A good compromise was the use of coudaxil Council tax is more difficult to
evade and can be perceived by respondents as angfedpayment vehicle. We refer to the
cost attribute a¥AX

Although considerable variation in the level of tb¢STANCE attribute was derived by
respecifying the location of putative wetlands awuwhat is a large estuary, further
substantial variation is of course induced by tlféeent locations of respondent’'s home
addresses. This allowed us to define two non-oppitey vectors of levels for this attribute,
respondents being allocated to one or the othardirg to their home location.

Attributes and their levels are presented in Tablehich also details the division of the

‘DISTANCE attribute into those seen by thear’ sample (living in Norfolk and Suffolk) and
those seen by thblear’ sample (living in Essex).

Table 1 Attribute levels used in the choice geriment design.

Attribute Label Levels
AREA 25acres = 10fp*; 74acres = 30fp; 123acres = 50fp;
173acres = 70fp

Area of new salt-marshes

Number of protected bird species BIRDS 2,3, 4, 5 species

observable

Distance from your home (in DISTANCE ‘Near sample’: 2, 12, 22, 32 miles
miles) ‘Far sample’: 42, 52, 62, 72 miles
Access to the salt-marshes ACCESS Yes; No

;nec;rrease in your council tax per TAX £2. £6, £10, £14

*fp stands for football pitches

3.1 Choice experiment: implementation
Choice sets were determined based on a fractiantdrial design. Each respondent answered

eight choice questions, each consisting of twoomgti a status quo option, representing the

current situation (or policy) of no new salt manmstthe area; and an alternative, in which new

11



salt marshes were created. The questionnaire wapased of six sections: the first two
introduced the respondent to the resource anddaheyphange context. Subsequent sections
presented the CE exercise followed by a contindeitaviour and contingent valuation
exercise described elsewhere. The final sectiotiseofjuestionnaire gathered socio-economic
and demographic data and conducted an intervievaua&tion of the interview.

The choice experiment was presented to respondeats standard tabular format, an

example of which is given in Figure 4. Here n/aates aspects of the present situation where

attributes were not available because in that oghiere are no new salt marshes created.

Figure 4 Example of choice card shown to rpsndents.

INFORMATION about the Blackwater estuary Present Situation Option A
Area of new salt-marshes No new salt-marshe E= Acres = Ltz
pitches
Number of protected bird species observable 2 2
Distance from your home (IN MILES) n/a 42
Access to the salt-marshes n/a NO
Increase in your council tax per year No tax £2.00
Choose Choose
‘Present Situation’ ‘Option A’
Which would you choose?
(tick one box only)

Interviews were conducted by a team of trainedriggvers at various locations within both
the ‘Near’ and‘Far’ distance zon&sAfter cleaning for yea-saying and protest respens
total sample of some 508 completed questionnait@s ebtained of which 162 originated
within the ‘Far’ zone (within Norfolk and Suffolk) and 346 from tHéear area (within
Essex). Socio-demographic characteristics of tisaseples are presented in Table 2. As can
be seen the sub-samples appear highly similareim ginaracteristics. Atest and a Kruskal-
Wallis test on the age, sex and income variables/stl that théFar’ and theéNear’ sample

are not significantly different from each other.

® Non-probability sampling techniques were adopgedonvenient and frequently used approach for Ingsis
testing purposes. The survey was conducted oveveseks during summer 2006.

12



Table 2 Descriptive statiiss for the overall and sub-samples.

Variable ‘Far’ sample ‘Near’ sample
Mean age group 36 —45years 36 — 45 years
Sex (% male) 55% 47%
Mean annual personal income (£) £19,500 £18,920
Number of respondents 162 346

3.2 Choice experiment: general results

To calculate the aggregate value of WTP for the CBA present hefehe model of the

‘Near’ sample data:

V, = B,Const+ 3,LnAREA+ 3,BIRD3+ 3,BIRD4 + B,BIRD5 + B,DIST + 3,ACC+ B,TAX + £,

whereConstis the constant variablenAREAIs the natural logarithm of the attribuAREA,
BIRD3 BIRD4, BIRD5 are the dummies created for the attridB@DSusing the level of the
status quo option as the base level, DIST represthet attributeDISTANCE ACC is the
ACCESSrariable andrAXis the cost variable.

To take account of the fact that each individuatienaight choices, a random effects binomial
logit model was estimated to investigate the sigaifce and the adequacy of the model fit as

well as the presence of heterogeneity in the model.

" The results of the random effects binomial logiod®el for the‘Far and Pooled sample are presented
elsewhere.

13



Table 3: Choice experiment modelNear’ sample data.

Variables Coefficient Standard error t-ratio P-ual
Constant 0.2754 0.2581 1.0670 0.2860
LnArea 0.2519 0.0609 4.1373 0.0000
Bird3 0.4172 0.1137 3.6683 0.0002
Bird4 0.6936 0.1224 5.6639 0.0000
Bird5 0.8078 0.1070 7.5440 0.0000
Distance -0.0118 0.0036 -3.3042 0.0010
Access 0.9745 0.0615 15.8391 0.0000
Tax -0.2260 0.0080 -28.2128 0.0000
Rho 0.2368 0.02121 11.161 0.0000
LL -1399.659
P-value 0.00010
Correct predictions 73.483%

Observations 2768

Respondents 346

The CONSTANTIs positive meaning that, everything else heldstamt, the respondents

receive more utility from the new salt marsh prtgegoing ahead than not. However, the
variable is not significant, meaning that othernedats that the respondents might have
considered in making their choice had a little vaeig comparison to the attributes presented

in the choice experiment.

The attributeAREAIs highly significant and of the expected signislteasonable to think that
locals prefer a bigger area to a smaller one. Hewenve assume a log-linear relationship for

the attribute AREA rather than a linear relatiopshi

The BIRDS attribute, representing the quality o# #nvironment, was initially modelled
using a single linear variable. However, such anfgields a significantly lower degree of
explanation than the more flexible, non-linear #eation permitted by the use of the
dummy variables BIRD3, BIRD4 and BIRDS5. All threardmy variables were significant at
the 99% level and of the expected positive sigicatthg that providing habitat for a higher
number of endangered bird species results in higiidity levels. Examining parameter
values suggests that the satiation point is attiéteéheBIRD4 level suggesting a positive but
declining marginal WTP for bird habitat.

14



The attributeACCESSturns out to be positive, as expected, and siamfi at 99%. That
means that respondents are interested in seeingrgaging the natural environment of salt

marshes.

The DISTANCEvariable has the expected negative parameter \aldds significant at the
99% level. This result shows that, as expectedutitiey of new wetland sites diminishes the

further away they are from the individual.

The cost variableTAX is highly significant at the 99% level and of thepected negative
sign. It represents the cost the respondents wekedato bear for the creation of new salt
marsh areas in the Blackwater estuary. The reshitsv that the probability of choosing

Option A diminishes as its cost increases.
4. Aggregating the willingness to pay for the CBA

In a choice experiment it is possible to calcutate MWTP for each attribute included in the
design. However, for purposes of decision making,aggregated WTP for a policy that
creates new salt marshes in the Blackwater estasgg was considered. The following
equations show the variables involved in two hyptittal decision policies. In Equation 1,
which considers use and non —use values of themnsakhes, the aggregated WTP is defined
for a policy involving a defined extent of new salarsh area created and for a high (BIRD5)
level of environmental quality involving four distaes from respondents’ home to Abbott’s

Hall (Essex) and with possibility of access:

(2) WTP:'I[B;LnAREAi-'BSBIRD5—'86DIST+’B7 ACC

8 8 8 8

Equation 2 follows a conservative approach takingoant only of the use values of salt

marshes:

(2 WTP:&LnAREA—& DIST+& ACC

8 8 8
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The variableDISTANCEIs the key variable in determining the aggregdérP. Adding that
variable, the WTP is calculated proportionally e distance from the respondents’ home to
the salt marshes following the distance decay Hedea the econometric analysis. An
approach similar to the one used by Bateman e(2806) is applied in this study. The
distance between each Essex district and Abbot H well known managed realignment
site in the Blackwater, was calculated with GIShteques. Those districts and relative
distances were grouped in four main distances 46823 and 32 miles. Equations 1 and 2
were then calculated so to obtain a WTP for the bemof households at each distance
considered. The total WTP for salt marshes is ginipé sum of those WTPs. Inserting the
extent of new salt marsh area created for eachagosnin the equations, we calculated the
WTP for the PT, DG and EDG scenarios. Table 4 shtwesWTP calculated for each

scenario:

Table 4 Aggregated WTP under each scenario

PT: 81.6 Hectares DG: 816.5 Hectares EDG: 2404.1 Hext
Distance to  Households WTP WTP WTP WTP WTP WTP
Abbott's Hall population  use and non-use use usenanelise use use and non-use use
(miles) values values values values values values
Benefits (E/yr) Benefits (£/yr) Benefits (£/yr) Bertsf{£/yr)  Benefits (£/yr) Benefits (E/yr)
8 63706 771,120 546,764 930,385 706,029 1,005,170 780,814
15 349836 4,106,770 2,874,739 4,981,360 3,749,329 5,392,0 4,160,006
23 97974 1,109,236 764,197 1,354,171 1,009,132 1,469,184 124145
32 33185 360,129 243,260 443,092 326,223 482,048 365,179
6,347,255 4,428,961 7,709,008 5,790,713 8,348,440 6430,

The mean WTP for one hectare is equal to £6.7Baruse and non-use values situation, and
to £3.20 considering use values only. These WTgeagahre much lower than the mean WTPs
per person per year elaborated in the meta-anabfsBrower et al. (1999). The value
obtained by Woodward and Wui (2001) is not complaralith the one obtained in this study

because they calculated a value per hectare per yea

6. Realignment cost-benefit model

The elements of the analysis are summarised ineTabhnd in the two equations below,

which illustrates the values used to estimate dstscand the benefits of realignment.
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Table 5 Values used to estimate the costs and thertefits of realignment

Item at time of reference relates to adjustment to the other adjustments
financial year
2006-2007

Capital cost of realignment (realigning defences) 1EB93/km 2001-2002 £929,252/km £929,252/km
Opportunity costs (Grade 3 larfd) £7,904/Ha 2001 £8,907/Ha £5,138/Ha
Maintenance cost of non-realigned defences £866/km/y 2007 £866/km/yf
Maintenance cost of realigned defentes £433/km/yr 2007 £433/km/yr
General habitat creation benefits*:
PT (use and non-use values) Area: 81.6 Ha £6,347@8Bousehold/yr 2007 £6,347,255/ha/household/yr
PT (use values) Area: 81.6 Ha £4,428,961/ha/houskfol 2007 £4,428,961/ha/household/yr
DG (use and non-use values)Area: 816.5 Ha £7,709t@0Bousehold/yr 2007 £7,709,008/ha/household/yr
DG (use values)Area: 816.5 Ha £5,790,713 /ha/houlskyo 2007 £5,790,713 /ha/household/yr
EDG (use and non-use values) Area: 2404.1 Ha £843UB/ha/household/yr 2007 £8,348,440 /ha/household/yr
EDG (use values) Area: 2404.1 Ha £6,430,145 /ha/bbakl/yr 2007 £6,430,145 /ha/household/yr
Carbon sequestration benefits £30; £15; £7 /tonngeCO 2007 £30; £15; £7 /tonne Ce
Fish nursery benefits £11.55; £7.43 /kg/ha 2007 £11.55; £7.43 /kg/ha

“Based on sale prices (DEFRA, 2005)
PAssuming maintence cost being 50% than for nongredid defences

« Adjusted downwards for the effects of the singegyment following Penning-Rowsell et al (2005) atlis the 65% of the value at 2007
° Based on Halcrow (2007)

Table 6 presents the details of the areas that idergified as suitable for realignment for
each scenario, showing the implications of realigntnon defence length, the amount of
habitat that could be created and the relative atnafuagricultural land that could be lost.

Table 6 Details of areas suitable for realignment

Scenarios
HTL PT DG EDG
Length of defences before realignment (km) 124.1 412 124.1 124.1
Length of defences after realignment (km) 124.1 .221106.5 85.66
Length of realigned defences (km) 0 2.9 18.4 40.17
Amount of intertidal habitat created by realignmgtid) 0 81.6 816.5 2404.1
Estimated amount of agricultral land convertechieitidal habitat (Ha) 0 9.9 365.9 886.81

The present value of total HTL ‘status quo’ defemaetimet (Emillion) is given by Equation
3:

T

Vsq —
@) ; (1+r

j e
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where PV,* is the present value of total cost of status cefertes at time(£ million), r the

discount rate| ** the length of the status quo defences (KB}, the maintenance cdsif the status
quo defences at time t (E/km/yr).

The present value of total cost of managed realemnat time t (£ million) is given in

Equation 4:

@) NPVt”":i 1 [l m’(c;?{+Cr“n“;)—(6\““L2§Lt)—(aﬁ" rBe,t)],

t=0 (1+ r)t

where NPV™ is the net present value of the managed realighswdreme applied at timig£
million), r the discount ratd,™ the length of the managed realigned defences (&) the
capital cost of realignmen€_; the maintenance cost of realignment at time ni#yk), a™
the area of agricultural land lost if realignmeakes place (ha).o,, the forgone agricultural

land valué if realignment takes place (E/had,"the area of intertidal habitat created by

realignment (ha),B_, the environmental value gain associated with reatignt eg habitat
services, functions and products (£/ha).

7. CBA results and sensitivity analysis

The NPV of the proposed managed realignment progsteen calculated for a time horizon
of 25, 50 and 100 years and with different discaates: a constant rate (3.75%); a declining
rate (3.5% for years1-30, 3% for years 31-75, 2f6Pyears 76-125) following current HM
treasury guidance for project appraisal (HMT, 20@8)d the hyperbolic gamma discounting
method following Weitzman (2001).

The results of the CBA show that managed realigririmethe Blackwater estuary under any
of the scenarios presented yields an efficiencyn.géis expected the gamma discount
approach gives more weight to future costs andflismesulting in a higher NPV of benefits

when applied as reported in Table 7.

® C} includes an estimate of the cost of repairing tfrea in the status quo defences at time

° We assume that the agricultural land convertedl isf grade 3.
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Table 7 NPVs for each scenario using constant anadlining discount rates (£ million)

Use values Use and non-use values

Discount rate Scenario 25 years 50 years 100 years aksye b50years 100 years

NPV HTL -1.83 -2.51 -2.90 -1.83 -2.52 -2.90
3.75% NPV PT 66.51 94.14 109.54 97.29 137.18 159.40
NPV DG 72.33 108.76 129.05 103.11 151.79 178.91
NPV EDG 60.05 100.71 123.37 90.83 143.75 173.23

NPV HTL -1.88 -3.96 -7.81 -1.88 -3.96 -7.81
Declining (HMT) NPV PT 68.41 152.25 307.19 100.02 221.07 444.76
NPV DG 74.83 185.35 389.58 106.45 254.16 527.14
NPV EDG 62.83 186.22 414.24 94.46 255.04 551.80

NPV HTL -2.18 -4.28 -8.75 -2.18 -4.28 -8.75
Declining (Gamma) NPV PT 80.71 165.13 344.75 124.14 246.00 505.33
NPV DG 91.06 202.32 439.09 135.85 284.56 601.03
NPV EDG 80.96 205.17 469.51 118.11 279.00 623.74

Closer inspection of Table 7 reveals a possibleratp. We would expect to see the benefits
growing from the PT to the EDG scenario, but iagsually the DG scenario that presents the
highest positive value when the constant rate jdiegh for any time horizon considered. The
use of declining discount rates attenuates thatahg which persist only for the short time
horizon. A possible explanation concerns the lerdtidefences to be realigned. In fact the
EDG scenario has the longest length of defencelsetoealigned. However, the areas of
realignment were chosen with appropriate elevatiotme land in mind which would not then
require a secondary line of defence. Assuming tio&ie of the areas to be realigned in any
scenarios required a secondary line of defencesep@rt in Table 8 how the results change
in the case of a constant discount rate (but theesasults are reached also with declining
discount rates):

Table 8 NPVs once the costs of a settdine defence are removed (constant discount rate

Use values
Discount rate Scenario 25 years 50 years 100 years
NPV HTL -1.83 -2.52 -2.90
3.75% NPV PT 69.22 96.87 112.26
NPV DG 89.56 126.03 146.35
NPV EDG 97.66 138.43 161.15

The results highlight that the values are sensttivthe scale of the realignment scheme and
local topography. If the scheme is very extensive e topography of the area is such that a

large number of secondary defences are requiredN®Vs are reduced. It means that we
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cannot deliver a general rule saying that the D@eiter than the EDG scenario, because the
different values depend on the extent of the MResah and the specific topography of the
region we are looking at. In our example we belithat an EDG scenario without a second
defence line is a realistic situation. Neverthelesiser areas may not have such a convenient

topography.

No sensitivity was found in terms of the carbonrage and the fish nurseries benefit

estimates.

8. Concluding comments

The use of site specific (as opposed to benefitstea data) value estimates derived via a
choice experiment study have served to reinforeepisitive NPV findings from previous
managed realignment CBAs. These results are achexen when a set of quite conservative

assumptions are adopted.

The positive economic efficiency gains involvedtimis more adaptive approach to coastal
policy should however be set in an appropriate exintThe study sites benefited from a
convenient coastal topography which avoided thedném secondary defences and
consequent costs. The sites were also delibereltelyen to avoid opportunity costs related to

humans and substantial property and infrastructasets.

Managed realignment therefore can only be regaededne component of any new future
coastal strategy and one that is highly conditiomgdlocal factors and circumstances.
Extensive use of managed realignment clearly wauldlve a complex mixture of political,

social, economic and ethical concerns. The useBA @ such a ‘contested’ policy arena is

unlikely to result in any decisive role for econcordata alone.
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