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Estimating the non-market benefit value of deep-sea ecosystem restoration: Evidence 

from a contingent valuation study of the Dohrn Canyon in the Bay of Naples. 

 

Abstract 

It is increasingly recognised that restoration actions in marine environments are required in 

order to deal with continued habitat degradation and to support conservation strategies. 

Restoration success is judged on the ecological outcomes but with limited resources the 

magnitude of the societal benefits achieved is an important consideration for policy makers.  

This study demonstrates how the potential non-market benefit value of a deep-sea restoration 

project might be assessed. The contingent valuation method is employed to elicit the Italian 

population’s willingness to pay for the restoration of the Dohrn deep-sea canyon in the Bay 

of Naples. Sample selection models that control for the impact of protest zero bidders on 

benefit value estimation are compared to more traditional modelling approaches. The results 

indicate a positive willingness to pay for the restoration of the canyon ecosystem and the 

importance of accounting for protest zero bidders in contingent valuation studies, especially 

when the environmental good is unfamiliar to respondents. The paper argues that the 

inclusion of non-market benefit values is particularly important in assessing the potential for 

marine ecosystem restoration if a true reflection of the value to society of restoring such 

habitats are to be correctly captured. 
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1. Introduction 

Direct and indirect human pressures on marine ecosystems are expected to increase 

considerably in the coming decades, leading to a loss of marine biodiversity and the 

degradation of ecosystem functioning (Danovara et al., 2016). Since the functioning of marine 

ecosystems is upheld by high levels of biodiversity it is also expected that the continuing loss 

of biodiversity will lead to the unprecedented erosion of natural capital in marine ecosystems 

and of the services they supply (Worm et al., 2006; Thurber et al., 2014). In European seas, in 

particular, destructive fishing practices (e.g. bottom trawling), overfishing, unsustainable forms 

of aquaculture, the spread of invasive species, eutrophication, large-scale oil and gas 

operations, offshore renewable energy developments, coastal engineering, coastal development 

and climate change are among the major impacts responsible for marine habitat change 

(Claudet and Fraschetti, 2010; EC, 2019).  

One of the primary aims of marine ecosystem restoration efforts is to counteract the impact of 

these pressures and to ensure the continued delivery of ecosystem services (Milton and Scrogin, 

2006; Barbier et al. 2012). Given the considerable costs that are involved in marine ecosystem 

restoration (Bayraktarov et al., 2016), it is critical to understand the benefit values to society 

of restoration projects in order that restoration projects are chosen as efficiently as possible. 

Marine ecosystem restoration can create economic value if it increases the delivery of 

ecosystem services or increases the value of other economic activities that depend on the 

marine ecosystem’s condition. If the total increased value of the benefits exceeds the costs of 

restoration, then it can be considered that the restoration had net economic benefits to society 

(Pendleton et al. 2010).  As pointed out by Blignaut et al. (2014), prioritisation though cost-

benefit analysis of restoration projects could also assist “decision makers to make informed 

decisions at a time when the demand for ecosystem restoration is required to grow 

exponentially”. Consideration of the economic impact of restoration activity through 

ecosystem service accounting is also starting to become a priority internationally (UN, 2014) 

and aims to identify the temporal and spatial changes in ecosystems’ contribution to society 

(Chen et al., 2019).  

With consideration of these issues, this paper estimates the non-market benefit value to the 

Italian general public of the restoration of the deep-water Dohrn canyon ecosystem in the Bay 

of Naples. The Dohrn canyon crosses the Gulf of Naples (see Figure 1). It us up to 1000 meters 

deep in places and follows two main branches, the eastern one and the western one, merging 
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in a single branch in a NE-SW direction. The area the canyon is situated in has long been 

recognized as one of the richest sources of marine biodiversity in the Mediterranean and is 

home to the world’s first marine station founded by Anton Dohrn in 1872 (Carrada et al. 1980; 

Milia, 2000). The canyon’s floor is characterized by a high abundance of charismatic species, 

such as cold-water corals and large size bivalves (giant deep-sea oysters and limids) which are 

rarely found in other parts of the Mediterranean Sea (Sgarrella and Moncharmont-Zei, 1993). 

The canyon’s walls are also inhabited by a number of other mega- and macro-benthic taxa 

including cnidarians, sponges, polychaetes, molluscs, bryozoans, echinoderms and other 

crustaceans (Taviani et al. 2020). Indeed, Taviani et al. (2019) identifies and lists over 60 

species to be found on the canyon walls and floor.  

However, Taviani et al. (2019) also point out that over many decades this canyon has been 

subjected to severe anthropogenic threats, such as illegal dumping and damage to the flora and 

fauna in the canyon from fishery activity as well as coastal zone pressures due to its location 

close to one of the most densely populated regions in Italy. The same authors also note that 

during their survey work on the canyon floor they “documented the abundant presence of 

marine litter even of large size, as well as lost nets and longlines seen enveloping also epifaunal 

megabenthos [large organisms on the seafloor that are visible without the help of microscopes 

or other specific tools]”. This has resulted in the change of the pristine environmental 

conditions of the canyon and the presence of litter along the canyon axis and walls. The EU 

Merces project is currently developing tools and methodologies for deep-sea ecosystem 

restoration with a pilot study aimed at restoring the damaged corals, sponges and other habitats 

on the canyon floor and removing the observed debris on the pilot site (Merces, 2020).  
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Adapted from Passaro et al. (2016) 

Figure 1. Location of the Dohrn Canyon in the Central Mediterranean Sea. 

 

Jobstvogt et al. (2014b) identify 11 distinct ecosystem services with welfare implications 

arising from abundant biodiversity in submarine canyons as displayed in Table 1. Based on the 

many services delivered to society by such canyons it is expected that ecological restoration 

efforts to restore ecosystems in the Dohrn canyon system would likely have a positive impact 

on societal welfare. A challenge in estimating the non-market benefit values from restoration 

arises however, due to the deep-sea nature of the marine resource which will be relatively 

unfamiliar to the general public. Also, while it is acknowledged that such canyons provide 

many important ecosystem services these often come in the form of regulating or supporting 

services that are not directly observed by the general public (Hanley et al., 2015).  

From an ecological perspective the link between ecosystem functioning of deep-sea resources 

and the services they support are not fully established (Armstrong, 2012). Modelling the likely 

effect of a change in the attributes of a given ecosystem and its subsequent effect on an 

economic resources such as for example fish stocks is particularly complex. There also exists 

uncertainty between restoration actions and their impact on restoring a functioning ecosystem. 

While restoration actions involving the transplanting of different stages of an organism life 

cycle, and the introduction of artificial substrata colonized by the target species have been 
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shown to be highly successful in coastal marine habitats (Bowden-Kerby, 2001; Rinkevich, 

2005; Edwards and Gomez, 2007; Basconi et al., 2020) the use of such techniques is still at an 

early stage of development in deep-sea habitats and the success rates of the limited attempts to 

date have been more variable (Bayraktarov et al., 2016; Da Ros et al., 2019). 

The current study employs a stated preference approach to estimate the value to the Italian 

general public of the restoration of the Dohrn canyon. Stated preference approaches to non-

market valuation involve asking individuals directly their willingness to pay for a hypothetical 

change in an environmental good. While acknowledging the uncertainty around the success of 

restoration actions in the deep-sea, within a stated preference exercise the hypothetical scenario 

presented to respondents must be unambiguous, clearly outlining in this case what the 

restoration action will achieve. As such the scenario analysed here reflect a situation where 

active restoration of deep-sea ecosystems has reached maturity and there is more certainty in 

the outcome of the restoration effort1.  

 

Table 1. Typical ecosystem services from submarine canyons  

Ecosystem services: Explanation of the potential benefits derived 

Provisioning services: 

Carbon sequestration 

and storage 

The value of uptake, storage and burial of organic material within the 

canyon. 

Food provision The canyon’s value of providing marine organisms for human consumption. 

Genetic resources and 

chemical compounds 

The option value of using canyon organisms in biotechnological, 

pharmaceutical, or industrial applications. 

Regulating services: 

Waste absorption and 

detoxification 

The value of burial, decomposition and transformation of waste within the 

canyon ecosystem.   

Cultural services: 

Aesthetic and spiritual The value of the canyon ecosystem for inspiring religion, arts, movies, 

documentaries, books and folklore. 

Bequest and existence The value of maintaining the canyon ecosystem for future generations and 

the intrinsic value of its marine species. 

Scientific and 

educational 

The cognitive value of the canyon ecosystem for science and education. 

Supporting services: 

 
1 The current challenges of restoration actions in the deep-sea are succinctly summarised up by O’Leary et al. (2020); “The 

high costs of working in the deep-sea and with deep-sea species, the time required to evaluate success of restorative action, 

the large spatial extent of mining operations, poor information on ecosystem baselines and functioning, and the characteristics 

of deep-sea life that make them slower to recover than many terrestrial or coastal species all present obstacles to effective 

restoration”. The issue of uncertainty in the outcome of the hypothetical scenario is returned to in the discussion section. 
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Biologically mediated 

habitat 

The value of canyon habitats formed by marine organisms. 

Nutrient cycling The value of storage and recycling of nutrients by canyon organisms. 

Resilience and 

resistance 

The value of the amount of disturbance that the canyon ecosystem can cope 

with and its ability to regenerate after disturbance. 

Water circulation and 

exchange 

The value of currents, such as up-and down-welling, dense shelf water 

cascading and mixing of water masses. 
Source: adapted from Jobstvogt et al. (2014a) 

 

Stated preference approaches have been applied in a limited number of studies to value specific 

deep sea ecosystems. Glenn et al. (2010) found an average willingness to pay (WTP) lying in 

a 95% confidence interval of €0 to €10 for cold water coral protection in Ireland. Jobstvogt et 

al. (2014a) examined preferences for the creation of new marine protected areas (MPAs) in 

deep sea locations in Scottish waters via a discrete choice experiment. The authors generated a 

WTP estimate range of £70 to £77 per year for a scenario that involved a high degree of species 

protection and high potential for the development of medicinal products from deep sea 

organisms. Aanesen et al. (2015) ran a discrete choice experiment to value the protection of 

cold water coral in Norway. The authors in that study found a much higher valuation for 

protection of cold water reefs with a WTP value ranging between €235 and €287 per annum 

per household amongst the Norwegian population.   

In addition, there have been a number of papers which have looked at how individuals form 

preferences for deep-sea resources. Sandorf et al. (2016) examined the role of information 

provision on the outcome of choice experiments to value deep-sea cold water coral in Norway. 

Elsewhere, Sandorf et al. (2017) further examined the role of knowledge of marine ecosystems 

attributes on attribute non-attendance in discrete choice stated preference studies using the 

same dataset as Aanesen et al. (2015). The authors found significant attribute non-attendance, 

i.e. some respondents did not consider all attributes in choosing alternatives. Finally, Aanesen 

and Armstrong (2019) found that for offshore resources respondents highly valued protection 

of deep-sea ecosystem services for the purpose of protecting fish species and were indifferent 

if this came at the expense of market activity such as fisheries and oil and gas. 

While there has been previous work on the valuation of deep sea ecosystem service benefits, 

the current study, to the best of the authors’ knowledge, is the first that examines the non-

market values generated from the restoration of a deep sea canyon ecosystem. One other study 

of particular interest is Tonin (2018) where the Contingent Valuation Method (CVM) was also 

employed to estimate WTP for the restoration of a coral producing marine habitat off the coast 
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of Venice. The scope of the study is similar in that the author estimated the WTP amongst the 

Italian population for restoration of a marine habitat off the coast of a major metropolitan area. 

In addition, while not a deep-sea habitat, the ecosystem in question was remote with little or 

no direct use value beyond fishery activity. 

This paper primarily contributes to the above literature by estimating WTP for the restoration 

of a deep-sea marine resource. To achieve this the CVM approach is adopted. A further 

contribution of the paper is in the method employed to deal with a particular problem 

encountered in studies that ask respondents their WTP for an unfamiliar environmental good. 

In such studies a high number of protest zero bids (protest voters) are often observed. These 

are usually removed from the sample prior to model estimation. In this paper we instead use a 

two-stage bivariate probit sample selection model that first controls for the probability of the 

respondent being even willing to consider the bid value being offered (i.e. to offer a legitimate 

zero bid or accept the bid value, or instead offer a protest zero bid) while the second stage 

estimates the probability that the respondent is willing to pay the bid value offered. 

The remainder of the study is structured as follows: Section 2 details the method employed, 

survey used, resulting data set and econometric approach toward estimating WTP. Section 3 

reports the results of the econometric analysis. Finally, section 4 contains a discussion of the 

implications of the results for policy and future research as well as some conclusions. 

 

2. Methods 

To estimate the non-market benefit value to society of the restoration of the Dohrn canyon the 

CVM approach was adopted. CVM is a stated preference technique that uses a survey 

instrument to directly elicit information on individual’s preferences and WTP for a hypothetical 

change in an environmental good or service. It is frequently used in contexts whereby a market 

for the good in question does not exist and there is lack of an established price by which to 

value the good. Contingent valuation overcomes this by creating a valuation task that attempts 

to replicate market conditions. The objective of the CVM approach in this instance is to derive 

an estimate of the average WTP of a representative individual of the Italian population for the 

restoration of the Dohrn canyon. This involves firstly collecting data on the individuals 

preferences through appropriate survey of a sample of the population. This data is then used to 

derive an estimate of the distribution of WTP for the population from which a measure of 
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average WTP is derived. The remainder of this section describes the specific application of this 

process in the current study.  

 

2.1 Survey design and administration 

 

Collection of data to conduct a CVM analysis involves presenting individuals with a scenario 

involving a change in the quantity of the non-market good in question and the elicitation of the 

individual’s willingness to pay for the associated change. The restoration scenario presented in 

the survey was developed in consultation with marine scientists from the Polytechnic 

University of Marche who are engaged in restoration efforts in the Dohrn canyon in 

collaboration with the Stazione Zoologica Anton Dohrn. The final survey instrument began by 

informing the participant about the purposes of the survey. The survey then asked a number of 

questions related to how the respondents use the marine environment as well as investigating 

their preferences for marine environmental conservation and restoration. The survey then 

proceeded to the valuation exercise.  

To clearly inform the participants about the contingent scenario, participants were presented 

with information about the canyon and the ecosystems services derived from it. In particular 

they were told that “The Dohrn Canyon is the main canyon crossing the Gulf of Naples. It us 

up to 1000 meters  in depth in places and follows two main branches, the eastern one and the 

western one, merging in a single branch in a NE-SW direction. A large number of deep-sea 

species inhabit the canyon and in recent decades a number of unique species have been 

discovered there. The Dohrn Canyon is located close to the Gulf of Naples, which is amongst 

the most densely populated Italian regions. There are also approximately 30 ports and more 

than 300 maritime constructions located along the gulf’s 195km of coastline. Over many 

decades the canyon has been subjected to pressures due to intensive fishing and coastal zone 

pressures. This has resulted in the change of the pristine environmental conditions of the 

canyon and the presence of litter along the canyon axis and walls.” 

Respondents were then informed that the specific restoration project proposed in the CVM 

question involved the deployment of Autonomous Reef Monitoring Structures (ARMS) in the 

main axis of the canyon at an approximate depth of 200m. ARMS provide a basis for new 

organisms to grow. Once the ARMS are colonized by organisms they can play a key role in 

driving the recovery of the degraded canyon ecosystem. The restoration project would involve 

taking the organisms from the ARMS units and distributing them on the canyon floor to 
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facilitate the recolonization of the marine ecosystem. Figure 2 was shown to respondents to 

demonstrate the impact of using the ARMS. They were further informed that litter would be 

removed from the canyon floor area as part of the restoration efforts.  

 

 

Figure 2. Autonomous Reef Monitoring Structure Unit before and 2 years after 

deployment 

 

In the final scenario presented to respondents, it was proposed that the restoration would lead 

to improvement in the level of two key attributes of the canyon as displayed in Table 2; 

biodiversity and marine litter. Once again, these attributes and levels were chosen in 

consultation with the marine scientists currently working on restoration efforts in the canyon. 

While all the ecosystem services highlighted in Table 1 were considered it was felt by the 

marine scientists that the return of biodiversity to levels present prior to human induced 

damages was the central objective of a successful restoration effort and that the removal of 

debris was also important in achieving this goal. Therefore these two attributes were included 

in the scenario description2. Respondents were also informed, in the scenario table presented 

to them, that the restoration project would take place over an area of 20,000m2 (3 soccer 

pitches). This was done to ensure that respondents were clear in terms of what exactly the 

magnitude of the restoration project would be. The scenario presented to all respondents was 

the same, i.e. everyone was presented with the same attributes and levels that would be 

achieved through restoration, as shown in Table 2.  

 
2 The ‘good’ level of litter used in the scenario description (only 0 to 1 item of litter per km2) was based on 

deep-sea indicators of ‘Good Environmental Status’ (GES) as prescribed under the Marine Strategy Framework 

Directive (MSFD), that were developed by the EU ATLAS project. Scientists on that project derived deep-sea 

indicator levels for the MSFD descriptor of litter corresponding to the number of items of litter visible over a 

kilometre squared (Kazanidis, 2019). 



10 
 

When presenting the change scenario in a CVM question it is also important that the language 

used is understandable to the general public. To this end technical language was avoided in the 

description of the attribute levels and the terminology used was tested in focus group 

discussions prior to administering the pilot study. This is also why the area attribute was 

presented in terms of soccer pitches as well as meters squared as the former is often more 

intuitive for many people (and perhaps especially so for football loving Italians). Testing of the 

earlier drafts of the survey instrument with Italian citizens in the focus groups also ensured that 

the necessary background information was included and that the final scenario and the final 

questions asked were easily understood by the general public. 

 

Table 2. Attributes used to describe restoration Scenario in CVM question 

Management Plan Attribute Attribute level achieved 

Biodiversity (abundance of animals such as fish, 

starfish, corals, worms, lobsters, sponges & 

anemones). 

High – back to pristine habitat levels 

for the canyon 

Density of marine litter on canyon floor 
Good (only 0 to 1 item of litter per 

km2) 

Size of protected area in canyon 20,000m2 (3 soccer pitches) 

 

The final survey was carried out over a two week period in March 2019. To administer the 

survey a market research company, Istituto Piepoli, was employed to utilise their access to an 

online panel of the Italian general public. As it was intended that the sample be representative 

of the adult population, only respondents aged 18 plus were surveyed. In addition, to ensure 

the survey was representative of the entire adult population respondents were sampled from all 

regions in Italy, with numbers sampled from each region proportional to the population share 

of the respective region. Finally, prior to the administration of the full survey an initial pilot 

test was carried out by the market research company to ensure the effectiveness of the survey 

instrument. The price range used in the CVM question in the main survey instrument was based 

on the responses to the pilot study which utilized an open-ended elicitation format for the same 

question. The distribution of responses to the open ended question in the pilot provided the 

basis for deciding on the final range of bid values. 
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When presented with the CVM question the participants were told: 

“We would now like to ask you what, if anything, you might be willing to pay to support a 

restoration project in the canyon. We would like to mention that some people say they are 

willing to pay more in surveys for these types of improvements in ecosystems than that they 

actually would pay if the situation were real. This is because when people actually have to part 

with their money, they take into account that there are other things they may want to spend 

their money on”. 

Participants were subsequently instructed to carefully consider their budget; to imagine 

themselves actually paying the amounts specified each year, for the next 10 years; to keep in 

mind the impacts on them and their family of restoring deep sea ecosystems and finally that 

the payment would take the form of an increase to annual personal income tax rates or VAT 

and would be ‘ring-fenced’ into a secure marine restoration fund.  

Following this, participants were asked if they were willing to pay to see the canyon restored 

to the attribute levels shown in Table 2. As recommended by Arrow et al., (1993) (NOAA 

expert panel on contingent valuation), the WTP elicitation question took the form of a closed-

end, single bound dichotomous choice. This involves asking the individual if they would be 

willing to pay a presented bid amount A (a yes/no response) for the associated change in the 

non-market good 𝑞𝑗
0 → 𝑞𝑗

1. In contrast to the open-ended format which elicits the WTP of 

individuals directly, the discrete choice format instead provides an interval within which the 

WTP of the individual will lie. The advantage of this approach is that it is less complex for 

individuals to respond to accurately and mimics market conditions where individuals are 

typically faced with a take it or leave it purchase (Carson, 2012). Having been presented with 

the background information the single bound dichotomous choice question was then presented 

as follows: 

“Bearing in mind the importance or unimportance of the protection and health of deep sea 

ecosystems in Italian waters to you personally; would you be prepared to pay €X per year [one 

of a possible six values (€4, 8, 10, 15, 20, 30) was asked of each respondent] for the next 10 

years to ensure that a restoration and monitoring plan are implemented in the Dohrn Canyon 

that achieves the following ecosystem attribute levels [shown in Table 2].” 

The survey concluded by asking a number of follow up questions surrounding the participant’s 

responses and further questions about the socio-economic status of the participants.  
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2.2 Modelling Framework 

WTP was estimated using three different models. The first two models are the standard linear 

utility probit models, as first employed for contingent valuation studies by Haneman (1984), 

including and excluding protest responses. The third is the Heckman style two stage sample 

selection model (Heckman, 19793). All three models account for the fact that the dependent 

variable takes the form of a dichotomous choice (0/1) meaning that the researcher must employ 

a model that estimates WTP since all the respondent reveals is whether he or she is willing to 

pay a given amount, not his or her maximum. While the standard probit is the primary model 

for WTP estimation, when using it the analysist must make a decision on whether or not to 

include or exclude any protest zero bids in the estimation process.  

Protest responses occur when the individual objects to payment for the non-market good at any 

bid value but may not necessarily derive zero utility from the provision of the good. Such 

responses are likely to occur due to a number of reasons including adverse reaction to the 

interview in general (in particular the payment vehicle used) or a conviction that the 

government should pay for the good using existing resources (Strazzera et al., 2003). In protest 

situations information regarding WTP is viewed as missing. The protest bids are determined 

by examining the responses to follow on questions asked of those that indicate they are not 

willing to pay the presented bid value. However, the inclusion or exclusion of the protest zero 

bids could result in sample selection bias in the estimation of WTP, particularly if the number 

of protest responses is large.  

The advantage of the Heckman style model is that it directly controls for any sample selection 

issue by the simultaneous estimation of two processes; an outcome equation and a selection 

criteria equation. In this case the selection criteria is a binary choice indicating whether the 

respondent is first even willing to consider the bid value being offered (i.e. to offer a legitimate 

zero bid or accept the bid value, or instead offer a protest zero bid) while the second stage 

equation also has a binary outcome dependent variable indicating if the respondent is willing 

to pay the bid value offered. Heckman style bivariate probit models have been employed 

previously in a limited number of contingent valuation studies (Garcia et al. 2009; Petrolia et 

 
3 The original Heckman two stage sample selection model involved situations where the selection criteria 

equation was a binary choice while the second stage equation of interest had a continuous dependent variable 

but Van de Ven and Van Praag (1981) adapted the original model so that the equation of interest can also be a 

binary outcome variable, as is the case here. 
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al. 2010; Hynes et al. 2019; McGurk et al, 2020). Model estimations were carried out using the 

probit and heckprob command routines in the statistical software package Stata (version 15).  

While several approaches are available to estimate WTP from a single bound dichotomous 

choice CVM design, they all treat WTP as the compensating  surplus 𝐶𝑖 from a change in the 

non-market good 𝑞𝑗 (Carson and Hanneman, 2005). 𝐶𝑖 is the quantity that satisfies the 

following equality. 

𝑣𝑖(𝑝0, 𝑞𝑗
1, 𝑄−𝑗

0 , 𝑦𝑖 − 𝐶𝑖) = 𝑣𝑖(𝑝0, 𝑞𝑗
0, 𝑄−𝑗

0 , 𝑦𝑖)  (1) 

  

In (1) 𝑣(. ) represents the individual’s indirect utility function with 𝑝0 representing the prices 

of all market goods, 𝑞𝑗
0 the quantity of non-market good j (in this case the Dohrn canyon) at 

the original level and 𝑞𝑗
1 the quantity of non-market j post-change.  𝑄−𝑗

0  represents the quantity 

of all non-market goods not including 𝑞𝑗 and 𝑦 represents an individual’s income. If the 

individual derives a positive marginal utility from 𝑞𝑗, 𝐶𝑖 can be thought of as the income an 

individual is willing to forgo to attain the new level of the non-market good.  

Following Hanneman (1984) an estimate of 𝐶𝑖 is derived by applying the random utility 

maximisation framework (RUM) (McFadden, 1973). Under the RUM framework it is assumed 

that the individual knows his or her own preferences and maximises utility accordingly. 

Preferences however are affected by factors that are unobservable to the researcher. Such 

factors can include attributes of the goods available for consumption or characteristics of the 

individual that affect their choice behaviour (McFadden, 1973). The RUM framework therefore 

assumes that utility consists of a deterministic component 𝑣𝑖  and a random component 𝜀𝑖 which 

captures factors that are unobservable to the researcher as follows:  

𝑢𝑖(. ) = 𝑣𝑖(𝑞𝑗, 𝑦𝑖, 𝑧𝑖) + 𝜀𝑖 (2) 

where 𝑦𝑖 represents income and 𝑧𝑖 represents observable characteristics of the individual and 

𝑞𝑗 represents the state of the non-market good 𝑞𝑗 (in this instance the health of Dohrn Canyon.). 

Employing Haneman (1984)’s linear utility formulation, the deterministic proportion of the 

indirect utility function can be written as: 

𝑣𝑖(𝑞𝑗 , 𝑦𝑖, 𝑧𝑖) = 𝛼𝑗𝑧𝑖 + 𝑏𝑦𝑖 (3) 

 

From (3) equation (1) can thus be reformulated as: 
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𝛼1𝑧𝑖 + 𝑏(𝑦𝑖 − 𝐶𝑖) + 𝜀1 = 𝛼0𝑧𝑖 + 𝑏𝑦𝑖 + 𝜀0, 

 

(4) 

𝐶𝑖 =    
𝛼𝑧𝑖 + 

𝑖

𝑏
 

 

   

From (4), 𝛼 = 𝛼1 − 𝛼0, and 
𝑖

=  𝜀1 − 𝜀0. The probability of a respondent answering yes to a 

given bid A is Pr(Yes) = Pr(𝐶𝑖 ≥ 𝐴) =  1 − Pr (
𝑖

≤ 𝛼𝑧𝑖 − 𝐴𝑏). Assuming that 
𝑖
 is a 

standard normal variable this reverts to a standard probit model as seen in (5).   

Pr(Yes) = Φ(𝛼𝑧𝑖 − 𝐴𝑏) (5) 

   

where Φ () represents the cumulative density function of the standard normal distribution.  

The third model employed to estimate the probability of a respondent answering yes to a given 

bid is an adaptation of Van de Ven and Van Praag (1981)’s  sample selection model for binary 

outcome variables and closely follows the applications of Petrolia et al. (2010), Calia and 

Strazzera, (1999), Strazzera et al. (2003) and Grammatikopoulou and Olsen (2013). The two 

stage sample selection bivariate probit model can be expressed as follows.  

Firstly let 𝑌1 equal a binary variable that indicates whether the respondent will consider 

participation in the market for the hypothetical good on offer; i.e. is not a protester as defined 

earlier. 𝑌2 is a further binary variable that indicates whether the individual answers yes to pay 

for the non-market good at the given bid price A, with 𝑌2 only observable if 𝑌1 = 1. The 

approach adopted models both responses simultaneously with two equations. The first equation 

controls for the probability of observing 𝑌1 and is referred to as the selection equation. For the 

selection equation it is assumed that the latent variable, 𝑌1
∗, the respondent’s propensity to 

participate or not protest, is a linear function of  a vector of observable characteristics 𝑥𝑖 and 

an error term 𝑢𝑖 as follows: 

 

𝑌1
∗ = 𝑖

′𝑥𝑖 +  𝑢𝑖 

𝑌1 = 1 𝑖𝑓  𝑌1
∗ > 0 

𝑌1 = 0 𝑖𝑓  𝑌1
∗ ≤ 0 

(6) 
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The second equation is the outcome equation, and is equivalent to (5) with the latent variable 

𝑌2
∗ representing 𝐶𝑖, now conditional on 𝑌1 = 1. The full model, following Calia and Strazzera, 

(1999) can be specified as follows: 

𝑌1 = 1  𝑖𝑓 𝑖
′𝑥𝑖 +  𝑢𝑖 > 0 

𝑌2 = 1  𝑖𝑓 𝐶𝑖 ≥ 𝐴 

𝑌2 = 0 𝑖𝑓 𝐶𝑖 < 𝐴 

𝑌1 = 0 𝑖𝑓 𝑖
′𝑥𝑖 + 𝑢𝑖 ≤ 0 

(7) 

 

The resulting likelihood function can be written as: 

𝐿 =  ∏ 𝑃𝑟(𝑌1
∗ ≤ 0) ∏ [∏ 𝑃𝑟

𝑌2=1

(𝑌1
∗ > 0, 𝐶𝑖 ≥ 𝐴) ∏ 𝑃𝑟

𝑌2=0

((𝑌1
∗ > 0, 𝐶𝑖 < 𝐴)]

𝑌1=1𝑌1=0

 

(8) 

 

To estimate the model it is first assumed that  𝑢𝑖 is a standard normal variable with the Pr (𝑌1 =

1|𝑥) = Φ ( 𝑖
′𝑥𝑖). As before Pr(𝐶𝑖 ≥ 𝐴) =  1 − Pr (

𝑖
≤ 𝛼𝑧𝑖 − 𝐴𝑏), which reverts to Pr(𝐶𝑖 ≥

𝐴) = Φ (𝛼𝑧𝑖 − 𝐴𝑏) as 
𝑖
is assumed to also follow a standard normal distribution. To estimate 

the joint probability of 𝑌1
∗ and 𝑌2

∗, it is assumed that (𝑢𝑖,𝑖
) has a bivariate normal distribution 

with mean zero and covariance matrix as follows: 

Σ =  (
1 𝜌
𝜌 1

) 
(9) 

 

with 𝜌 representing 𝑐𝑜𝑟𝑟 (𝑢𝑖 ,
𝑖
). We can reformulate (8) as follows: 

𝐿 =  ∏[1 − Φ1(𝑖
′𝑥𝑖)] ∏ [∏ Φ2

𝑌2=1

(𝑖
′𝑥𝑖, 𝛼𝑧𝑖 − 𝐴𝑏; 𝜌) ∏ Φ2

𝑌2=0

(𝑖
′𝑥𝑖 , −𝛼𝑧𝑖 + 𝐴𝑏; 𝜌)]

𝑌1=1𝑌1=0

 

 

(10) 

 

where the univariate standard normal CDF is represented by Φ1, and the bivariate standard 

normal CDF with Φ2(). The model is estimated using the maximum likelihood approach.  
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Selection bias in the model can be determined by examining the correlation between the error 

terms as measured by 𝜌. If the section and output choices are independent of each other the 

two decisions could be estimated separately without any loss of efficiency. In this case, 𝜌 will 

be equal to zero. However a significant correlation indicates that both decisions are not 

independent and that the two decisions should be modelled simultaneously to avoid selection 

bias. In the context of the current study a significant correlation coefficient would indicate that 

not controlling for protest voters is likely to bias the subsequent estimation of willingness to 

pay. A positive (negative) sign indicates that the researcher is likely to overestimate 

(underestimate) the willingness to pay in a model that excludes (includes) protest voters. 

Finally the mean WTP of is calculated following Haab and McConnell (2002) as follows: 

𝐸(𝑊𝑇𝑃|𝛼, 𝑧𝑖, 𝑏) =
𝛼𝑧𝑖

𝑏
. (11) 

 

The covariates chosen for inclusion is the same for each WTP model, where WTP is assumed 

to be a function of Bid value, Age, Female, Income, Student, Employed, Obtained third-level 

education, Single, Inland Provinces, Campania, Awareness of Marine Protected Areas, 

Frequent Water User and Member of Environmental Organisation. Covariates included in the 

sample selection portion of the sample selection probit model include the socio-economic 

variables Age, Female, Income, Student, Obtained third-level education and the locational 

variables Central Italy, Islands, North-eastern Italy, North-western Italy. 

 

3. Results 

In total 1,060 responses were returned from the online survey. Descriptive statistics for the 

sample are presented in Table 3. Where available, the mean of each variable in the population 

are also provided from Italian Census of Population statistics. Overall Table 3 indicates that 

the sample is broadly representative of the general population of Italy based on the 

demographic characteristics. Examining the main socio-economic variables in the sample, the 

average age is 41, personal income is €25,629, and 63% of the sample are in employment. 

Examining the distribution of the sample throughout Italy, it can be seen that the sample is also 

spatially representative when compared to the national averages in the final column of Table 

3. North West Italy is most represented at 26%, followed by Southern Italy 24%, North East 
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Italy 19%, Central Italy 19% and the Islands at 12%. Campania is the region which the Dohrn 

Canyon is situated closest to and 10% of the sample are residents of that region. 

A number of variables related to respondent’s use of the sea and preferences for environmental 

protection are also reported in Table 3. Frequent Visitor to Seaside and Frequent water user 

are dummy variables that indicate whether the individual visits the seaside or participates in 

water activities at least once every three months and are represented by 64% and 48% of the 

sample, respectively. As seen in Sandorf et al. (2017) knowledge of the resource can affect the 

value attributed to the marine resource. To account for this we report two variables that indicate 

the respondent’s awareness of the marine ecosystems; awareness of marine protected areas 

and awareness of the Dohrn Canyon. In total, 78% of respondents had heard of MPAs. 

However, only 16% had heard of the Dohrn Canyon. Finally, 11% of the sample are, or have 

a family member who is, a member of an environmental organisation. 

 

Table 3. Summary statistics for the sample compared to national averages 

  Sample Census of Population* 

Variable       Mean (Std. Dev) Mean 

Socio-demographic information 

Age (working population) 40.55 (11.86) 42.8 

Female 0.51 (0.50) 0.50 

Income (median) €25,629 (€16,245) €25,426 

Full-time Employee 0.46 (0.50) 0.51 

Student 0.09 (0.29) 0.05 

Obtained third-level education 0.36 (0.48) 0.36 

Single 0.32 (0.47) 0.33 

Region 
  

Central Italy 0.19 (0.39) 0.19 

Islands 0.12 (0.32) 0.11 

North-eastern Italy 0.19 (0.39) 0.20 

North-western Italy 0.26 (0.44) 0.27 

Southern Italy 0.24 (0.43) 0.23 

Inland Provinces 0.24 (0.44) 0.27 

Campania 0.10 (.30) 0.10 

Use and awareness of coastal resources 

Frequent Visitor to Seaside 0.64 (0.48) - 

Frequent Water User 0.48 (0.5) - 

Awareness of Marine Protected Areas 0.78 (0.41) - 

Awareness of Dohrn Canyon 0.16 (0.37) - 

Member of Environmental Organisation 0.11 (0.31) - 
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*Population equivalent statistics are derived from the Italian census of population reports from the Italian 
national statistics agency’s (Istat) online databases (ISTAT, 2020). 

 

In total, 58% of the sample agreed to pay for the restoration scenario presented to them at the 

given bid value, i.e. they responded yes to the CVM question. As the bid value increases the 

positive response rate follows a declining pattern. However, as displayed in Table 4, the ‘yes’ 

response increases marginally between the lowest two bid values possible (€4 and €8) and also 

between the values of €15 and €20, although these differences are not statistically significant. 

Issues also arose regarding the prevalence of protest responses amongst those who responded 

that they were not willing to pay. In the current study we followed the standard approach of 

asking those respondents who indicated zero-willingness to pay for the non-market good 

follow-on questions to ascertain whether they were valid zero bidders or protesters.  

 

Table 4. Percentage of respondents who indicated that they would be willing to pay the 

bid value offered in the CVM question 

Bid Value €4 €8 €10 €15 €20 €30 

% Responding 

Yes 

59% 63% 65% 53% 56% 49% 

Each respondent was presented with only one bid value in the CVM question 

 

The follow-on questions used and responses are presented in Table 5. Here it is assumed that 

those responders who indicated a zero WTP for the reason that “The Government /Council 

/Other Authority should pay out of its current budget” or “I object to paying taxes” represent 

protest voters. Such responders represented 47% of no responders and 19.8% of total 

responders. This percentage is above the average number of protest voters within stated choice 

valuation studies of 17.69% identified by Meyerhoff and Liebe, (2010) via a meta-analysis, but 

below the authors observed maximum of 59.28%. Similar protest issues were encountered in 

Tonin (2018) who found had an equivalent rate of protest responders in the study of WTP for 

cold water coral restoration off Italy’s Adriatic coast. In that study the authors measured 

willingness to pay by employing separate models that included and excluded protest votes and 

presenting the resulting range of estimates. In this study however we control for the effect of 

protest votes through the use of the sample selection model.  
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Table 5. Numbers and reason why certain respondent in sample chose €0 WTP 

Category of Negative Responders Number of 

Responders 

% Negative 

Responders 

% Overall 

Sample 

Responder 

Type 

The Government/Council/other body 

should pay out of its current budget 

182 42% 18% Protest 

I object to paying taxes 20 5% 2% Protest 

I cannot afford to pay 164 38% 16% True Negative 

The ecological restorations are not 

important to me 

4 1% 0.4% True Negative 

I don’t believe the restorations will 

actually take place   

35 8% 3% True Negative 

I don’t use the marine environment 10 2% 1% True Negative 

Other 17 4% 2% True Negative 

Total Number of Negative Responses 432 
 

 
 

 

The results of the two standard probit models including and excluding protests are presented 

in Table 6. As expected, the bid variable is negative and significant across both models 

indicating that as the price of restoration rises willingness to pay decreases. The bid coefficient 

is significant at the 99% level in the model including protest votes compared to being 

significant at the 95% for the model excluding protest votes. The variable indicating the 

individual’s use of the marine environment, frequent water-user, shows a positive and 

significant effect across both models. This indicates that those who frequently use the seaside 

are more likely to place a higher value on the restoration of the canyon ecosystem. Likewise 

being a member of an environmental organisation and being aware of MPAs has a positive and 

significant impact on WTP across both models. 

Being from Campania, the region where the Dohrn canyon is situated, has a positive and 

significant effect across both models. Being from an inland province has a significant but 

negative effect, indicating that those in coastal regions are more likely to support marine 

restoration. Examining the influence of the socio-economic explanatory variables the income 

coefficient is found to be significant and positive across both models. Similarly, being 

employed also has a positive and significant effect across both models. The remaining socio-

demographic variables were found to be insignificant across both models. 

 

Table 6. Probit CVM model results 

 
Probit (protest views 

included) 

Probit (protest views 

excluded) 

Bid value -0.016*** (0.005) -0.014** (0.006) 
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Age -0.0001216 (0.004) 0.003 (0.005) 

Female 0.104 (0.086) 0.048 (0.102) 

Income 0.009*** (0.003) 0.009*** (0.003) 

Student 0.242 (0.181) 0.115 (0.201) 

Employed  0.211** (0.1) 0.294** (0.117) 

Obtained third-level education 0.073 (0.091) 0.077 (0.111) 

Single -0.028 (0.102) -0.022 (0.12) 

Inland Provinces -0.177* (0.096) -0.199* (0.113) 

Campania 0.362** (0.148) 0.521*** (0.192) 

Awareness of Marine Protected Areas 0.333*** (0.101) 0.253** (0.122) 

Frequent Water User 0.33*** (0.088) 0.432*** (0.109) 

Member of Environmental 

Organisation 

0.473*** (0.142) 0.419** (0.174) 

Constant -0.491 (0.253) -0.24 (0.299) 

Log Likelihood -637.7 -438 

AIC 1303.4 904.1 

BIC 1372.3 969.9 

*** indicates significant at the 1% level. ** indicates significant at the 5% level and * indicates significant at the 10% level.   

 

The results of the two stage sample selection probit model are reported in Table 7. The 

estimated coefficients for the WTP portion of the model are largely consistent with the previous 

two models in terms of sign and significance. The coefficients of the selection portion of the 

model, indicate the effect of those variables on the likelihood of the respondent choosing to 

participate (i.e. not protest). Having a higher income and being a student have a positive and 

significant effect on the likelihood of participation. Interestingly, as indicated by the significant 

and negative coefficients, those respondents that originated from the islands and central regions 

of Italy are more likely to protest than those from southern Italy (which represents the base 

case in this instance). 

 

 

Table 7. Sample Selection CVM Model 

WTP stage of model Coefficient (Standard Error) 

Bid value -0.011** (0.004) 

Age -0.0002431 (0.004252) 

Female 0.108 (0.086) 

Income 0.01*** (0.003) 

Student 0.249 (0.176) 
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Employed  0.214** (0.089) 

Obtained third-level education 0.068 (0.093) 

Single -0.041 (0.087) 

Inland Provinces -0.171* (0.093) 

Campania 0.422** (0.148) 

Awareness of Marine Protected Areas 0.182** (0.097) 

Frequent Water User 0.309*** (0.088) 

Member of Environmental Organisation 0.267** (0.136) 

Constant -0.43* (0.245)   

Selection stage of model  

Age -0.004 (0.004) 

Female 0.144 (0.092) 

Income 0.006** (0.003) 

Student 0.359* (0.207) 

Obtained third-level education 0.074 (0.099) 

Central Italy -0.225* (0.125) 

Islands -0.299** (0.142) 

North-eastern Italy 0.018 (0.128) 

North-western Italy -0.164 (0.123) 

Constant 0.833*** (0.23) 

Log likelihood -932.5 

𝜌 0.928583 

 Prob > chi2 = 0.0436 
*** indicates significant at the 1% level. ** indicates significant at the 5% level and * indicates 
significant at the 10% level.   

 

The correlation coefficient 𝜌 in the model indicates whether the selection and WTP portions of 

the models are independent. As shown in Table 7, 𝜌 is positive with a magnitude of 0.929. To 

formally test for the significance of 𝜌, we complete a likelihood-ratio test (the Heckman test) 

by comparing the likelihood of the full sample selection model versus the sum of the log 

likelihoods for the WTP elicitation and selection parts of the model. We reject the null 

hypothesis that 𝜌 is not significantly different from zero at the 95% confidence level. This 

suggests that that joint estimation via the two stage bivariate Probit is more efficient than 

separate estimation either with or without the protest respondents and will be effective in 

removing sample selection bias. Comparing the AIC and BIC statistics of the sample selection 

model relative to the standard estimated standard Probit models also indicates that the sample 

selection model is the best fitting model. 

The average WTP estimates from each model are reported in Table 8. The Probit model that 

excludes protest votes has a higher mean WTP relative to the other two models. This result is 

expected as the exclusion of the protest zeros automatically raises the probability of acceptance 

of the offered bid value in the model. Concurrently, treating all protest votes as true-zero-

bidders and including them in model estimation is likely to cause a downward bias in WTP. In 
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this case, as expected, the estimate of mean WTP from the model which includes all zero bid 

values is the lowest from the three models. The estimated average WTP from the sample 

selection model lies between the estimates of the two Probit models. This is not unexpected 

given the significant and positive correlation coefficient from the two stage sample selection 

model indicates that those more likely to participate are also relatively more likely to support 

the restoration at the presented bid value.   

 

Table 8. Estimated mean willingness to pay per person per year from alternative models 

Model Mean WTP 

Per Person 

Std. Err. [95% Confidence Interval] 

Probit (protest views included) € 27.63*** 4.99 [17.84, 37.43] 

Probit (protest views excluded) € 58.03*** 18.76 [21.25, 94.81] 

Sample Selection Model € 34.69 *** 9.56 [15.94, 53.43] 

*** indicates significant at the 1% level. ** indicates significant at the 5% level and * indicates significant at the 10% level.   

 

 

 

4. Discussion and Conclusions  

The objective of this paper was to estimate the benefit value to society from the restoration of 

the Dohrn Canyon in the Bay of Naples. Using a contingent valuation approach an average 

willingness to pay per person of €34.69 was estimated based on the preferred two stage 

bivariate sample selection model. While identification of the relevant population to aggregate 

the average non-market values up to is often difficult (Bateman et al., 2006) if we 

conservatively assume in this case that the region of Campania implements the additional 

taxation policy4 to fund the restoration effort then the aggregate value to the 3,674,052 adult 

residents of the region is estimated to be approximately €127 million per annum. Cost estimates 

for implementing the restoration action in the Dohrn canyon are not available but in a review 

of the cost estimates from the literature Da Ros et al. (2019) suggest that the rearing and 

transplant of nubbins of deep corals would cost greater than US $1.5 million per hectare in year 

one and that the equivalent cost for transplanting fragments from donor colonies would be US 

$3 million, while the recruitment of larvae in shallow depths and translocation to deeper areas 

could cost US $3.3 million per hectare. Given these estimates it is unlikely the actual costs of 

 
4 In Italy, residents are subject to national, regional and municipal income tax. Regional income tax depends on 
the region of residence and ranges from 1.23% to 3.33%. 
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the restoration scenario presented here would surpass the estimated aggregated on-market 

benefit value generated.  

Comparing the results of the present study with Tonin (2018) where the authors gave a range 

of per person per year estimates for restoration of the coastal cold water coral ecosystem 

ranging from €16.75 to €64.02 (with a preferred average estimate of €27.03), it is argued that 

the two results have particular implications for both policy and further research. Firstly, the 

estimated WTP for restoration of the Coralligenous habitats in the Northern Adriatic are 

broadly similar to the derived estimates for WTP for the restoration the Dohrn Canyon. This 

result is interesting as it suggests that Italians place a similar value on the restoration of two 

distinct types of marine ecosystems in different locations. Furthermore it indicates that, 

amongst the Italian population, this stable preference for marine ecosystem restoration exists 

despite both of the ecosystems under investigation being relatively unknown to the general 

population. Previously, Armstrong et al. (2012) argued that a prior lack of knowledge of an 

environmental good does not preclude the existence of a value as individuals can hold latent 

values for resources that are information dependent. Jobstvogt et al. (2014) and Aanesen et al. 

(2015) argue the same point in their respective marine ecosystem service valuation studies.  

The similarity of the WTP estimates from both studies also has potential implications for 

benefit transfer between similar projects in Italy and may facilitate more straightforward 

comparison of benefits values between alternative marine restoration projects at a policy level. 

There is however a need for caution in interpreting this result as it arises from the comparison 

of a single pair of studies. It is also possible that the similarities across projects may indicate a 

degree of insensitivity to scope, a common issue in CVM studies (Carson, 2012). Therefore, 

further research is required to verify the stability of preferences for marine restoration amongst 

the Italian population.  

The second result concerns the implication of the effects of alternative treatment of protest 

voters. Excluding protest voters from the sample is a common within the CVM literature. 

Dropping protest voters however, is only justified when such voters are missing at random and 

their exclusion does not bias the results. In both this study and Tonin (2018) dropping protest 

voters completely leads to what appears to be a significant overestimation of mean WTP, at 

€64.02 in the case of Tonin (2018) and €58.03 in the current study. These results, as well as 

the significance of the correlation coefficient 𝜌 in the sample selection model point to the need 

to control for the preferences of protest voters in CVM studies that estimate WTP for marine 
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restoration projects.  A similar conclusion was reached in a CVM study by McGurk et al. 

(22020) when they examined landowners’ willingness to accept compensation for participation 

in an agri-environmental scheme. 

Another approach commonly adopted to limit the effect of protest voters, is to tailor the 

payment vehicle used so as to minimise the number of protests returned (Meyerhoff and Liebe, 

2010). Meyerhoff and Liebe (2010) did a meta-analysis of past CVM studies to examine the 

effect of design components on the rate of protesting. The authors found that the payment 

vehicle can have a significant effect on the rate of protest voters returned. In the current study 

we use an increase in tax as the payment vehicle while Tonin (2018) uses a form of donation 

with both studies resulting in a similar rate of protest votes. Examining the reasons given for 

protests in both studies is also informative. In both studies the majority of the protest responders 

stated they protested due to a belief that the government should pay for restoration using its 

existing resources (90% in the current study and 82% in Tonin (2018)). This would indicate 

that the payment vehicle was not the motivating factor determining protest votes. Thus, it is 

likely that protesting will be an issue in future contingent valuation studies for remote marine 

resources regardless of the question elicitation format. These and other methodological and 

practical challenges that are present when attempting to value relatively unknown marine 

ecosystem services have previously been highlighted by Hanley et al. (2015) and Aanesen et 

al. (2015). 

The models used to derive WTP estimates are also informative as to the distribution of WTP 

across the population. The significant and positive effect of Frequent Water User, Awareness 

of Marine Protected Areas, and Member of Environmental Organisation would indicate that 

as expected, use and awareness of the marine environment are a predictor of a positive 

preference for the restoration of marine restoration. The significance of the Campania and 

Inland Provinces regional dummy variables is likely indicative of the distance decay effect, 

whereby preferences for a spatially defined resource are likely to decay with increasing 

distance from that resource (Bateman et al., 2006; Norton and Hynes, 2018). Lastly, there is 

evidence that there is heterogeneity across the population with regard to preferences for marine 

ecosystem restoration. As noted by Hynes et al. (2010) it is important to account for these 

variations in preferences if considering aggregation of preferences to calculate total societal 

willingness to pay at different regional scales. 
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The CVM restoration scenario was presented to respondents assuming that the attribute levels 

would be achieved with 100% certainty. This was necessary as it’s important that the 

respondent to a CVM question knows with certainty what they are being asked to pay for in 

terms of the environmental improvement. However uncertainty of outcome is ever present in 

marine restoration actions and even more so in the deep-sea (Da Ros et al., 2019). Even if the 

technological difficulties of attempting ecological restoration in the deep-sea can be overcome 

policy would still be needed to ensure that the original pressures on the ecosystem were 

prevented from having the same destructive impact again. In the case of the Dohrn Canyon 

Taviani et al. (2020) call for the preservation of these unique deep-sea habitats by adopting 

protection measures that prevent damage from bottom contact fishing, dumping and other 

source impacts. The authors believe this could be achieved by granting the Dohrn Canyon the 

status of a Site of Community Importance under the European Commission Habitats Directive 

and by establishing a deep-sea MPA in this area of the Mediterranean. 

Given the uncertainty that is present in efforts to restore marine ecosystems an interesting area 

for further research would be to explore the effect of alternative levels of risk for restoration 

action failure on the valuation of benefits through stated preference studies.  The results of such 

a study would indicate if respondents are willing to pay for the now necessary attempts at 

restoration even if the outcome is uncertain. The restoration effort here was also presented as 

a bundle of attributes that were valued together. It would be interesting to explore respondents’ 

marginal willingness to pay for the biodiversity and debris clean up attributes separately, along 

with other canyon ecosystem service benefits. This could be done within the framework of a 

choice experiment and represents another avenue for future research.  

This study examined the non-market benefit value of ecological restoration in a deep-sea 

canyon ecosystem. Such information is critical when decision makers are faced with multiple 

restoration/conservation needs and can help to ensures that the most efficient restoration 

projects are chosen. Marine restoration is also increasingly being seen as a vehicle to offset the 

impacts of off-shore developments. It is important therefore to develop a clear picture of the 

benefit values that are to be derived from such restoration projects in order that the value of the 

ecosystem services that may be reduced through developments are adequately compensated for 

in the offsetting process. As pointed out by Bayraktarov et al. (2016) optimal conservation 

outcomes in the future will require both protection and restoration but which projects are actual 

chosen will depend on their relative costs, the rate at which habitat is being lost, the time 

required between restoring a habitat and recovery of its ecosystem services, and the magnitude 
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of the societal benefits achieved by restoring the ecosystems. As demonstrated in this study the 

inclusion of non-market ecosystem service benefit values is particularly important in terms of 

assessing the potential for marine ecosystem restoration if a true reflection of the benefit values 

to society are to be captured.  

 

References 

Aanesen, M., Armstrong, C., Czajkowski, M., Falk-Petersen, J., Hanley, N., Navrud, S., 2015. 

Willingness to pay for unfamiliar public goods: preserving cold-water coral in Norway. 

Ecol. Econ. 112, 53–67. 

Aanesen, M., Armstrong, C., 2019. Trading off co-produced marine ecosystem services: 

Natural resource industries versus other use and non-use ecosystem service values. Front. 

Mar. Sci. 6, 102. 

Armstrong, C.W., Foley, N.S., Tinch, R., van den Hove, S., 2012. Services from the deep: 

Steps towards valuation of deep sea goods and services. Ecosyst. Serv. 2, 2–13. 

Arrow, K., Solow, R., Portney, P., Leamer, E., Radner, R., Schuman, H., 1993. Report of the 

NOAA panel on contingent valuation. Fed. Regist. 58, 4601–4614. 

Barbier, E., 2012. A spatial model of coastal ecosystem services. Ecol. Econ. 78, 

70–79. 

Basconi L., Cadier C., Guerrero-Limón G., 2020. Challenges in Marine Restoration Ecology: 

How Techniques, Assessment Metrics, and Ecosystem Valuation Can Lead to Improved 

Restoration Success. In: Jungblut S., Liebich V., Bode-Dalby M. (eds) Youmares 9 - The 

Oceans: Our Research, Our Future. Springer, Cham 

Bateman, I., Day, B., Georgiou, S., Lake, I., 2006. The aggregation of environmental benefit 

values: welfare measures, distance decay and total WTP. Ecol. Econ. 60, 450–460. 

Bayraktarov, E., Saunders, M., Abdullah, S., Mills, M., Beher, J., Possingham, H., et al. (2016). 

The cost and feasibility of marine coastal restoration. Ecol. Appl. 26, 1055–1074. 

Blignaut, J., Aronson, J., Wit, M., 2014. The economics of restoration: Looking back and 

leaping forward’, Ann. N. Y. Acad. Sci. 1332, 34–47. 



27 
 

Bowden-Kerby, A., 2001. Low-tech coral reef restoration methods modeled after natural 

fragmentation processes. Bull. Mar. Sci. 69(2), 915–931 

Calia, P., Strazzera, E., 1999. Sample selection model for protest votes in contingent valuation 

analyses. FEEM Working Paper No 5599. 

Carrada, G., Hopkins, T., Bonaduce, G., Ianora, A., Marino, D., Modigh, M.,   Ribera, M.  di 

Scotto, C. (1980). Variability in the hydrographic and biological features of the Gulf of 

Naples. Mar. Ecol. 1, 105–120. 

Carson, R.T., Hanemann, W.M., 2005. Contingent valuation. Handb. Environ. Econ. 2, 821–

936. 

Carson, R.T., 2012. Contingent valuation: A practical alternative when prices aren’t available. 

J. Econ. Perspect. 26, 27–42. 

Claudet, J. and Fraschetti, S., 2010. Human-driven impacts on marine habitats: a regional meta-

analysis in the Mediterranean Sea. Biological Conservation, 143, 2195−2206. 

Danovaro, R., Carugati L., Berzano, M., Cahill, A., Carvalho, S., Chenuil, A., Corinaldesi, C., 

Cristina S., David R., Dell'Anno, A., Dzhembekova, N., Garcés, E., Gasol, J., Goela, P., 

Féral, J., Ferrera, I., Forster, R., Kurekin, A., Rastelli, E., Marinova, V., Miller, P., 

Moncheva, S., Newton, A., Pearman, J., Pitois, S., Reñé, A., Rodríguez-Ezpeleta, N., 

Saggiomo, V., Simis, S., Stefanova, K., Wilson, C., Lo Martire, M., Greco, S., Cochrane, 

S., Mangoni, O., Borja, A., 2016. Implementing and Innovating Marine Monitoring 

Approaches for Assessing Marine Environmental Status. Front. Mar. Sci. 3, 213.  

Da Ros, Z., Dell’Anno, A., Morato, T., Sweetman, A., Carreiro-Silva, M., Smith, C., 

Papadopoulou, N., Corinaldesi, C., Bianchelli, S., Gambi, C., Cimino, R., Snelgrove, P., 

Van Dover, C., Danovaro, R., 2019. The deep sea: the new frontier for ecological 

restoration. Mar. Policy 108, 103642.  

EC, (European Commission), 2019. Marine Strategy Framework Directive – assessment of 

programmes of measures for Denmark, Estonia, Greece, Croatia, Lithuania, Romania and 

Slovenia. European Commission Staff Working Document, SWD 510 final.  

Edwards, A., Gomez, E., 2007. Reef restoration Concepts and Guidelines: making sensible 

management choices in the face of uncertainty. Coral Reef Targeted Research & Capacity 

Building for Management Programme. St Lucia, Australia  



28 
 

Garcia, S., Harou, P., Montagné, C., Stenger, A. 2009. Models for Sample Selection Bias in 

Contingent Valuation: Application to Forest Biodiversity. J. For. Econ. 15 (1–2), 59–78. 

Glenn, H., Wattage, P., Mardle, S., Van Rensburg, T., Grehan, A., Foley, N., 2010. Marine 

protected areas—substantiating their worth. Mar. Policy 34, 421–430. 

Grammatikopoulou, I., Olsen, S., 2013. Accounting protesting and warm glow bidding in 

Contingent Valuation surveys considering the management of environmental goods–An 

empirical case study assessing the value of protecting a Natura 2000 wetland area in Greece. 

J. Environ. Manage. 130, 232–241. 

Haab, T., McConnell, K., 2002. Valuing Environmental and Natural Resources: The 

Econometrics of Non-Market Valuation. Edward Elgar Publishing. 

Hanemann, W.M., 1984. Welfare evaluations in contingent valuation experiments with discrete 

responses. Am. J. Agric. Econ. 66, 332–341. 

Hanley, N., Hynes, S., Patterson, D., Jobstvogt, N., 2015. Economic valuation of marine and 

coastal ecosystems: is it currently fit for purpose? J. Ocean Coast. Econ. 

Hynes, S., Hanley, N. and O’Donoghue, C., 2010. A Combinatorial Optimization Approach to 

Non-market Environmental Benefit Aggregation via Simulated Populations, Land Econ. 86 

(2): 345–362. 

Hynes, S., Ravagnan, E. & Gjerstad, B., 2019. Do concerns for the environmental credentials 

of salmon aquaculture translate into WTP a price premium for sustainably farmed fish? A 

contingent valuation study in Ireland and Norway. Aquacult. Int. 27(6), 1709–1723.  

Istat, 2020. Census of Population statistics reports for Italy. http:// https://www.istat.it/en/ 

(accessed 10 March 2020). 

Jobstvogt, N., Townsend, M., Witte, U., Hanley, N., 2014a. How can we identify and 

communicate the ecological value of deep-sea ecosystem services? PloS One 9, e100646. 

Jobstvogt, N., Hanley, N., Hynes, S., Kenter, J., Witte, U., 2014b. Twenty thousand sterling 

under the sea: estimating the value of protecting deep-sea biodiversity. Ecol. Econ. 97, 10–

19. 



29 
 

Kazanidis, G., 2019. Towards the assessment of North Atlantic deep-sea ecosystems’ status: 

opportunities and challenges unravelled by the ATLAS project. Proceedings of Scotland's 

International Marine Conference, 20/21 February.  

McFadden, D., 1973. Conditional logit analysis of qualitative choice behavior. Frontiers in 

Econometrics, 105-142, Academic Press: New York. 

McGurk, E., Hynes, S. Thorne, F., 2020. Participation in Agri-Environmental Schemes: A 

Contingent Valuation Study of Farmers in Ireland. J. Environ. Manage. 262, 110243. 

Merces, 2020. Marine ecosystem restoration in changing seas. http://www.merces-project.eu/ 

(accessed 15 April 2020). 

Meyerhoff, J., Liebe, U., 2010. Determinants of protest responses in environmental valuation: 

A meta-study. Ecol. Econ. 70, 366–374. 

Milia, A., 2000. The Dohrn canyon: a response to the eustatic fall and tectonic uplift of the 

outer shelf along the eastern Tyrrhenian Sea margin, Italy. Geo-Mar. Lett. 20, 101–108. 

Milon, J., Scrogin, D., 2006. Latent preferences and valuation of wetland ecosystem 

restoration. Ecol. Econ. 56, 152–175 

Norton, D., Hynes, S., 2018. Estimating the Benefits of the Marine Strategy Framework 

Directive in Atlantic Member States: A Spatial Value Transfer Approach, Ecol. Econ. 151, 

82–94. 

O’Leary, B., Hoppit, G., Townley, A., Harriet L. Allen, H., McIntyre, C., Roberts, C. 2020. 

Options for managing human threats to high seas biodiversity, Ocean Coast Manag. 187 (1), 

105110 

Passaro, S., Tamburrino, S., Vallefuoco, M., Gherardi, S., Sacchi, M. and Ventura, G., 2016. 

High-resolution morpho-bathymetry of the Gulf of Naples, Eastern Tyrrhenian Sea, J. Maps 

12, 203-210. 

Pendleton, L., 2010. Measuring and monitoring the economic effects of habitat restoration: a 

summary of a NOAA Blue Ribbon Panel. Restoring America’s Estuaries and the Nicholas 

Institute, Duke University.  

http://www.merces-project.eu/


30 
 

Petrolia, D., Bhattacharjee, S., Hudson, D., Herndon, C., 2010. Do Americans want ethanol? 

A comparative contingent-valuation study of willingness to pay for E-10 and E-85. Energy 

Econ. 32, 121–128. 

Rinkevich, B., 2005. Conservation of coral reefs through active restoration measures: recent 

approaches and last decade progress. Environ. Sci. Technol. 39(12):4333–4342 

Sandorf, E., Aanesen, M., Navrud, S., 2016. Valuing unfamiliar and complex environmental 

goods: A comparison of valuation workshops and internet panel surveys with videos. Ecol. 

Econ. 129, 50–61. 

Sandorf, E., Campbell, D., Hanley, N., 2017. Disentangling the influence of knowledge on 

attribute non-attendance. J. Choice Model. 24, 36–50. 

Sgarrella, F. and Moncharmont-Zei, M., 1993. Benthic Foraminifera of the Gulf of Naples 

(Italy): systematics and autoecology. Boll. Soc. Paleontol. It. 32, 145–264. 

Strazzera, E., Genius, M., Scarpa, R., Hutchinson, G., 2003. The effect of protest votes on the 

estimates of WTP for use values of recreational sites. Environ. Resour. Econ. 25, 461–476. 

Taviani, M., Angeletti, L., Cardone, F., Montagna, P. and Danovaro, R. (2019). A unique and 

threatened deep water coral-bivalve biotope new to the Mediterranean Sea offshore the 

Naples megalopolis. Sci. Rep. 9, 3411. 

Thurber, A., Sweetman, A., Narayanaswamy, B., Jones, D., Ingels, J., Hansman, R., 2014. 

Ecosystem function and services provided by the deep sea, Biogeosciences, 11, 3941–3963. 

Tonin, S., 2018. Economic value of marine biodiversity improvement in coralligenous habitats. 

Ecol. Indic. 85, 1121–1132. 

United Nations, 2014. System of Environmental-Economic Accounting 2012. Central 

Framework. UN Publication, New York. Downloadable at 

http://unstats.un.org/unsd/envaccounting/seeaRev/SEEA_CF_Final_en.pdf (2014)  

Van de Ven, W., Van Praag, B., 1981. The demand for deductibles in private health insurance: 

A probit model with sample selection. J. Econom. 17, 229–252. 

Worm, B., Barbier, E., Beaumont, N., Emmett Duffy, J., Folke, C., Halpern, B., Jackson, J., 

Lotze1, H., Micheli, F., Palumbi, S., Sala, E., Selkoe, K., Stachowicz, J., Watson, R., 2016. 

Impacts of Biodiversity Loss on Ocean Ecosystem Services. Science 314 (5800), 787-790. 



31 
 

 

 

 

 


	Forside Akseptert versjon Elsevier
	Manuscript apres review



