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Abstract

Government policy has responded to concerns over declining levels of biodiversity on UK farmland by introducing a range of agri-environmental measures. Costs for such measures are relatively easy to establish, but benefits are less easily estimated. Economics can also help guide the design of biodiversity policy, by eliciting information on different attributes of biodiversity. In this paper we report on a research project funded by DEFRA which applied the contingent valuation and choice experiment methods to valuing biodiversity on farmland, and its attributes. Focus groups were used to identify relevant attributes (such as rarity, endangered status, and familiarity), and to discover how best to overcome the lack of knowledge which most people have regarding what biodiversity is and why it matters. Results from both contingent valuation and choice experiments are them presented, comparing samples for Cambridgeshire and Northumberland. The choice experiment uses a fractional factorial design to combine characteristics of familiar species, endangered status, ecosystem functioning and cost. The contingent valuation study looks at habitat recreation and habitat improvement. We also investigate the extent to which workshop approaches to data collection can overcome some of the possible information problems in this instance, by testing out the effects of allowing for information exchange and group discussion on peoples' choices over biodiversity policy options.

1. Introduction

The aims of this paper are to identify problems surrounding the economic valuation of "biodiversity", and then to present results from a recent stated preference study on changes in biodiversity on UK farmland which attempts to get around one major problem, namely the information deficit which typifies the knowledge level of most members of the general public regarding biodiversity. We also provide a first choice experiment estimation of the attributes of biodiversity, an approach which may prove useful in developing policy on biodiversity protection and enhancement; obtain contingent valuation estimates for different policies which would increase biodiversity on farmland; and compare values obtained using standard survey procedures with those obtained using the "valuation workshop" technique (MacMillan et al, 2003). Finally, we test for benefits transfer in both values and valuation functions across geographic areas.

In what follows, section two of the paper discusses motivations for estimating biodiversity values and problems encountered, whilst section three presents a brief review of the literature. Our study design is explained in section four, with results presented in section five. A discussion concludes the paper.

2. Why do we want to estimate the economic value of biodiversity?

Society needs to make difficult decisions regarding its use of biological resources, for example in terms of habitat conservation, or changing how we manage farmland through agri-environmental policy (Hanley and Shogren, 2001). Environmental valuation techniques can provide useful evidence to support such policies by quantifying the economic value associated with the protection of biological resources. Pearce (2001) argues that the measurement of the economic value of biodiversity is a fundamental step in conserving this resource since ‘the pressures to reduce biodiversity are so large that the chances that we will introduce incentives [for the protection of biodiversity] without demonstrating the economic value of biodiversity are much less than if we do engage in valuation’. Assigning monetary values to biodiversity is thus important since it allows the benefits associated with biodiversity to be directly compared with the economic value of alternative resource use options (see also Nunes and van den Bergh, 2001). OECD (2001) also recognises the importance of measuring the economic value of biodiversity and identifies a wide range of uses for such values, including demonstrating the value of biodiversity, in targetting biodiversity protection within scarce budgets, and in determining damages for loss of biodiversity in liability regimes.

More generally, the role of environmental valuation methodologies in policy formulation is increasingly being recognised by policy makers. For example, the Convention of Biological Diversity’s Conference of the Parties decision IV/10 acknowledges that ‘economic valuation of biodiversity and biological resources is an important tool for well-targeted and calibrated economic incentive measures’ and encourages Parties, Governments and relevant organisations to ‘take into account economic, social, cultural and ethical valuation in the development of relevant incentive measures’. The EC Environmental Integration Manual (2000) provides guidance on the theory and application of environmental economic valuation for measuring impacts to the environment for decision-making purposes. Within the UK, HM Treasury’s ‘Green Book’ provides guidance for public sector bodies on how to incorporate non-market costs and benefits into policy evaluations.

2.1 Valuing biodiversity: the challenge

The idea of placing economic values on the environment has been challenged by many authors on a variety of grounds, from ethical objections to participatory perspectives. However, what concerns us here is not whether one should attempt to place economic values on changes in biodiversity, but rather in what the particular difficulties are in doing so. These include incommensurate values or lexicographic preference issues (Spash and Hanley, 1995; Rekola, 2003) and - the issue we focus on here - people’s understanding of complex goods (Hanley, Spash and Walker, 1996; Christie, 2001; Limburg et al., 2002).

Stated preference valuation methods ideally require survey respondents to make informed value judgements on the environmental good under investigation. This requires information on these goods to be presented to respondents in a meaningful and understandable format, which in turn will enable them to express their preferences consistently and rationally. Herein lies the problem: many studies have found that members of the general public have a low awareness and poor understanding of the term "biodiversity". If one is unaware of the characteristics of a good, then it is unlikely that one has well-developed preferences for it which can be uncovered in a stated preference survey. 

Quantitative research undertaken in 1988 found that 63% of a UK sample did not know what the words ‘biological diversity’ meant (MORI, 1988b). Similar findings are reported in Spash and Hanley (1995). Other studies have found that the UK public disliked the phrase ‘biological diversity’, preferring the terms ‘variety of life’, ‘living diversity’ and ‘biological variety’ (MORI, 1988a), or ‘variety of wildlife’ (ERM, 1996). However, research has also shown that once the concept of biodiversity was explained in layman’s term, a high proportion of the general public (78%) considered that it was important (MORI, 1991). The lack of public understanding of the term biodiversity will make the valuation exercise difficult; however, people can learn during a survey, and may have preferences for what biodiversity actually means, even if they are unaware of the term itself.

An additional complication is that biodiversity itself is not uniquely defined by conservation biologists. Scientists are in general agreement that the number of species per unit of area provides a useful starting point (Harper and Hawksworth, 1995; Whittaker, 1977). Although such a measure appears to be relatively straightforward, issues such as what constitutes a species and what size of area to count species over complicate this measure. Even if these questions were resolved, ecologists recognise that some species, such as keystone species, may be more important and/or make a greater contribution to biodiversity than others. A further complicating factor relates to the extent to which the public are capable of understanding ecologists’ concepts. The issues highlighted above indicate that research that attempts to value changes in biodiversity will be challenging, since it requires us to identify appropriate language in which biodiversity concepts can be meaningfully conveyed to members of the public in ways which are consistent with underlying ecological ideas on what biodiversity is.

3. Previous Literature

A general comment on much of the existing biodiversity valuation literature is that it mostly does not value diversity itself, but focuses rather on individual species and habitats (Pearce, 1999). In this section we review a number of key studies that have attempted to measure the economic value of different elements of biodiversity. In particular, we distinguish between studies that have valued biological resources (e.g. a particular species, habitat area, or ecosystem function) and those which have valued the biological diversity of those resources (e.g. components of biodiversity such as rarity or charismatic species). 

3.1 Studies that value biological resources.

A summary of the range of value estimates for three categories of biological resources can be found in Table 1. The first category of biological resources includes both genetic and species diversity. Studies that have quantified genetic diversity have predominantly measured direct use benefits of biological resources in terms of inputs to the production of market goods such as new pharmaceutical and agricultural products. The majority of studies have based valuations on market contracts and agreements for bioprospecting by pharmaceutical industries. Ten Kate and Laird (1999) provide an extensive review of such bioprospecting agreements. Franks (1999) provides a useful contribution on the value of plant genetic resources for food and agriculture in the UK and also the contribution of the UK's agri-environmental schemes to the conservation of these genetic resources. 

There have been a large number of studies that have valued species. Most of these studies have been undertaken in the US and utilise stated preference techniques, thus enabling both use and passive-use values to be assessed. Nunes and van den Bergh (2001) provide an extensive review of valuation studies that have addressed both single and multiple species. Valuations for single species range from $5 to $126, and for multiple species range form $18 to $194 (Table 1). In the UK, there have been a limited number of studies that have valued both single and multiple species. For example, Hanley et al. (2003) estimated the value of wild geese conservation in Scotland, while White et al. (1997 and 2001) examine the value associated with the conservation of UK mammals including otters, water voles, red squirrels, and brown hare. Macmillan et al. (2001) also takes a slightly different perspective by valuing the reintroduction of two species (the beaver and wolf) into native forests in Scotland. 

Biological resources may also be described in terms of the diversity within natural habitats. Studies have addressed the valuation of habitats from two perspectives. One approach is to link the value of biodiversity to the value of protecting natural areas that have high levels of outdoor recreation or tourist demand. A second approach to the valuation of natural areas involves the use of stated preference methods. Table 1 summarises the range of passive-use values elicited for terrestrial, coastal and wetland habitats. UK examples of CV studies that have valued habitats include: Garrod and Willis, (1994) who examined the willingness to pay of members of the Northumberland Wildlife Trust for a range of UK habitat types; Hanley and Craig (1991) who valued upland heaths in Scotland’s flow country; and Macmillan and Duff (1998) who examine the publics WTP to restore native pinewood forests in Scotland. 

Ecosystem functions and services describe a wide range of life support systems including waste assimilation, flood control, soil and wind erosion, and water quality. Many of these functions and services are complex and it is likely that members of the public will possess a poor understanding of these issues. The consequence of this is that attempts to value ecosystem functions and services will be difficult, particular in methods (such as the stated preference methods) where respondents are required to make a value judgement based on the description of the good in question. Analysts often use other techniques including averting behaviour, replacement costs, and production functions to measure the indirect values of ecosystem functions. 

3.2 Studies that value biological diversity itself

A number of valuation studies have attempted to value biodiversity by explicitly stating to respondents that the implementation of a conservation policy will result in an increase in the biodiversity of an area. For example, Garrod and Willis (1997) estimated passive-use values for biodiversity improvements in remote upland coniferous forests in the UK. The improvements in forest biodiversity were described in relationship to a series of forest management standards that increased the proportion of broad-leaved trees planted and the area of open spaces in the forest. The marginal value of increasing biodiversity in these forests was estimated to range between £0.30 to £0.35 per household per year for a 1% increase and between £10 to £11 per household per year for a 30% increase in increased biodiversity forest area. Willis et al. (2003) extend this work to examine public values for biodiversity across a range of UK woodland types. Other studies have assessed public WTP to prevent a decline in biodiversity. For example, Macmillan (1996) measures public WTP to prevent biodiversity loss associated with acid rain; whilst Pouta et al (2000) estimate the value of increasing biodiversity protection in Finland through implementing the Natura 2000 programme.

White et al. (1997 and 2001) examine the influence of species characteristics on WTP. They conclude that charismatic and flagship species such as the otter attracted significantly higher WTP values than less charismatic species such as the brown hare. They further suggest that species with a high charisma status are likely to command higher WTP values than less charismatic species that may be under a relatively greater threat or of more biological significance in the ecosystem. In a meta-analysis of WTP for a range of species, Loomis and White (1996) also find that more charismatic species, such as marine mammals and birds, attract higher WTP values than other species.

The above review has demonstrated that from those studies that have claimed to value biodiversity, only a handful have actually examined biological diversity; most studies have alternatively tended to value biological resources. Furthermore, studies that have valued biological diversity currently only provided limited information on the value of the components of biological diversity. Research effort has yet to provide a comprehensive assessment of the value attached to the component of biological diversity such as anthropocentric measures (e.g. cuteness, charisma, and rarity) and ecological measures (e.g. keystone species and flagship species). 

4. Study Design

4.1 Basics

The policy setting for this research is the development of policy on biodiversity conservation and enhancement on farmland in England. The principal challenges in study design were to identify what aspects of the ecological concept "biodiversity" needed to be communicated to the general public, and thus form the focus of the valuation exercise. For a concept to be relevant in this context, it has to have ecological significance, be capable of being explained to ordinary people, and be something which they might in principal care about. We also needed to design effective ways of conveying information. 

In a review of ecological literature (Christie et al, 2004), we identified 21 different concepts that ecologists use to describe and measure biodiversity. Clearly, it would be extremely difficult to attempt to value all of these concepts. In an attempt to simplify this, a conceptual framework was drawn up to provide a simplified and structured framework in which biodiversity could meaningfully be presented to members of the public (Figure 1). This framework is split into sections according to which perspective we take on the importance and meaning of biodiversity: ecological or anthropocentric. Within each of these headings, we identify different aspects of biodiversity that need to be considered for inclusion. The final row of the Figure shows the biodiversity attributes that were eventually selected for the experimental design. We now explain how these were chosen.

A series of focus groups composed of members of the general public were arranged. The discussions held in the focus groups aimed to identify the level of understanding that the public had for each of the elements of the framework in Figure 1, and also to identify their views on the importance of each element. The framework was then amended to reflect this input from the focus groups. 

BIODIVERSITY CONCEPTS 

ECOLOGICAL CONCEPTS
ANTHROPOCENTRIC CONCEPTS

Keystone species
Umbrella species
Flagship species
Ecosystem function
Ecosystem Health
Endangered species
Rare species
Charismatic species
Cuteness
Familiar species
Locally important species

Habitat quality
Ecosystem processes
Rare, unfamiliar species of wildlife
Familiar species of wildlife 

Figure 1: Conceptual framework – Biodiversity concepts

One of the first issues discussed in the focus groups related to an assessment of the level of public understanding of the scientific terms and concepts associated with biodiversity. Discussions indicated that over half of the participants had never knowingly come across the term ‘biodiversity’ before. Furthermore, some of those who had indicated a familiarity with the term ‘biodiversity’ were unable to provide a clear or accurate definition of the concept. Alternative ways of describing biodiversity were discussed and the phrase ‘the variety of different living organisms within a particular area or habitat’ was considered to be both a useful and meaningful. Participants indicated that they were familiar with some related terms including ‘species’, ‘habitat’ and ‘ecosystem’, but were not familiar with the majority of scientific concepts of biodiversity such as keystone species, flagship species etc. On a more positive note however, it was also found that most participants of the focus groups appeared to be capable of quickly picking up a basic understanding of most biodiversity concepts if these were explained in layman’s terms. However, some participants indicated that they were often confused with regards to the precise definitions of the more closely related ecological concepts. The conclusion from this is that the survey would need to employ alternative, non-scientific terminology to meaningfully describe biodiversity. 

Focus group participants considered ecosystem processes to be important, however, they were not able to clearly recognise the differentiation between the terms ‘ecological functions’ and ‘ecosystem health’. It was therefore concluded that these definitions be made less precise to allow these two concepts to be combined into a single category ‘ecosystem processes’ was appropriate. A further issue raised in the discussions related to the level of impact that ecosystem processes had on humans, and this was considered to be an important attribute of ecosystem processes worthy of further investigation.

The second group of biodiversity concepts identified relate to anthropocentric concerns. Within this group, the concepts of rare and endangered species were both considered to be very important. There was, however, confusion regarding the precise definitions of these terms. For this reason, it was argued that these two concepts should be combined into a single category. Participants were also aware of the alternative levels of threat that a species may be under and they considered this to be very important. The concepts of ‘charismatic’, ‘cute’ and ‘familiar’ species were all considered to have significant overlap and therefore it was considered that there would be no benefit from attempting to differentiate between the concepts. The concept of ‘cute’ species, however, was not considered to be helpful or important and therefore the concept could be dropped from the framework. ‘Locally important’ species were considered to be important both because people valued the fact that they would be able to see, first hand, the benefits from protecting these local species and because they valued the symbolic nature of local species. In all cases, a common theme was that these species were in some way or another likely to be familiar to the public. Thus, it was concluded that it would be useful to identify a group based on familiar species of wildlife. 

Thus two distinct themes emerge from the anthropocentric concepts: familiarity and rarity. Based on evidence from the focus groups and comments from the research steering committee, it was proposed that a distinction should be made between familiar species and unfamiliar species, and that a level of rarity be considered within each grouping. Based on this focus group evidence, it was decided that the choice experiment part of the study would focus on four biodiversity characteristics: 

· Familiar species of wildlife.  This attribute includes the concepts charismatic, familiar (recognisable) and locally symbolic species, and both common and rare familiar species.

· Rare, unfamiliar species of wildlife.  This attribute focuses on those species that are currently rare or in decline which are unlikely to be familiar to members of the public. It was considered that this was an important policy question. Also, it was considered important to incorporate an assessment of the effect that the degree of protection from rarity has on values. 

· Habitat quality.  Habitat quality was used as a proxy for the preservation of ecologically significant species such as keystone and umbrella species. A key feature of the habitat quality attribute is to examine the totality of the habitat in terms of supporting a mix of species; rather than to focus on individual species.

· Ecosystem processes.  Ecosystem processes focuses on preserving the health of ecosystem functions and services. It was also considered useful to distinguish between ecosystem processes which have a direct impact on humans and those which do not. 

However, we also wanted to estimate values for three types of biodiversity changes were considered to be of particular relevance to policy makers, namely: biodiversity enhancement associated with agri-environmental schemes, biodiversity enhancements associated with the re-creation of wildlife habitats, and biodiversity loss from farmland associated with development activities (e.g. house building). Contingent Valuation scenarios could be designed to directly elicit the values of the three proposed policy programmes, and thus seems a neater, more direct approach with regard to this second research objective.

4.2 Design Specifics

Two case study areas were selected: Cambridgeshire and Northumberland. In each area, in-person interviews were undertaken with a random sample of the population, in people's homes. Information on biodiversity was conveyed to respondents using an Powerpoint audio-visual presentation (see below). The survey instrument included both a choice experiment and a contingent valuation exercise. As a check on validity, we also ran a series of valuation workshops in Northumberland, which included the same questions as the main survey. 

A key factor affecting the validity of stated preference studies relates to the success to which the good under investigation can be meaningfully, accurately and consistently presented to survey respondents. Although this can be a challenge in many valuation studies, the very fact that only a small proportion of the public have knowingly heard of the term biodiversity before presents a significant challenge to this research. In this study, the survey instrument was required to present a lot of information on biodiversity which is likely to be complex and new to respondents. The majority of valuation studies tend to describe the environmental good under investigation using verbal descriptions, perhaps supported by some written script and / or pictorial images. Although such an approach to presenting the good can be successful with goods that are familiar to survey respondents, evidence gathered in the focus groups indicated that such a standard approach was unlikely to be suitable for presenting biodiversity which was found to be unfamiliar and considered complex. Feedback from focus groups also indicated that the large volume of new information required to be presented on biodiversity was found to lead to both confusion and respondent fatigue. The adoption of a more visual and interactive approach was therefore considered to be more suitable. 

For these reasons, we used a Powerpoint show to convey information to respondents at the start of the survey. This has a number of advantages in terms of using a range of formats (pictures, audio tracks and text), which helps minimise respondent fatigue and maximise the effectiveness with which information is conveyed. The Powerpoint presentation introduced survey respondents to a simple definition of biodiversity; ‘biodiversity … is the scientific term used to describe the variety of wildlife in the countryside’. The narrative that accompanied this slide provided further elaboration of this definition and provided examples to illustrate various aspects of biodiversity. Slides 3 to 8 then introduced the four attributes of biodiversity that had been identified in the focus groups: familiar species of wildlife, rare (unfamiliar) species of wildlife, habitat quality, and ecosystem services. Each attribute was defined, and the alternative levels of biodiversity enhancements associated with these attributes were introduced. Within these descriptions, named examples of relevant species, habitats and ecosystem services within the study area were provided and images presented. These were included to help respondents attain a clearer understanding of the various aspects of biodiversity being discussed. Respondents were also made aware of alternative motivations that people may have for protecting the various aspects of biodiversity. For example, respondents were reminded that they ‘might recognise an individual mammal, reptile, bird or even plant because it possesses impressive features such as being large or colourful, or alternatively that it has a particular significant in local culture’. 

Following the presentation of this information, respondents were provided with an opportunity to discuss and clarify with the interviewer any issues of outstanding confusion. In slides 9 – 12, the case study area (Cambridge or Northumberland) was then introduced. Details presented included a description of the predominant land uses found within the case study areas, and the current levels of biodiversity that exist in those areas. Respondents were then informed that human activities, such as farming and development, are currently threatening overall levels of biodiversity in the area and the consequences of this on the four biodiversity attributes were outlined. Slides 13 – 18 informed respondents that the government could introduce policies to help protect and enhance biodiversity in the respective case study areas. Policies described included agri-environmental schemes and habitat re-creation schemes. Slides 14 – 17 then outlined how such policies could be introduced to specifically enhance the four aspects of biodiversity identified earlier. In each case, the potential improvements were described in terms of the attribute levels used in the choice experiment. Respondents were then asked to think about which aspects of biodiversity they would like to see being protected and enhanced. Finally, at the end of the presentation respondents were given a further opportunity to clarify any issues of confusion / uncertainty regarding any aspect of the presentation.

The feedback from respondents of a pilot survey indicated that the majority of respondents understood the concepts presented. Respondents also indicated that the presentation of more information (to try to increase understanding) would likely be detrimental to the study as a whole since this would lead to respondent fatigue. Thus, the inclusion of further opportunities for respondents to discuss issues of confusion with the interviewer was seen as a better option to ensure that respondents fully understood the information presented.

The choice experiment

Following the PowerPoint presentation, respondents of both the household survey and valuation workshops were asked a complete a choice experiment exercise. The choice experiment was introduced as follows:

"In the presentation you were provided with information on different aspects of biodiversity. You were also informed that biodiversity within Cambridgeshire (Nothumberland) is under threat. We as a society have some options over how we respond to the threats to biodiversity. We are therefore interested in your opinions on what action you would most like to see taken.

We are now going to show you five alternative sets of policy designs that could be used to enhance Cambridgeshire’s (Northumberlands) biodiversity. In each set, you will be asked to choose the design which you prefer." 

An example of a choice task was then presented to respondents and the choice task was explained. Once the respondents had undertaken all five choice tasks, they were asked to indicate the main reason that they had for making the choice that they did. This was to allow protest responses to be identified.

We have already explained how biodiversity attributes were selected for inclusion in the choice experiment (above). Each of these attributes was then defined according to three levels of provision, including the status quo and two levels of improvement/enhancement. Table 2 below provides a summary of the four biodiversity attributes used in the choice experiment, along with the three levels of provision of each attribute. 

In choice experiments it is common practice to include a standard option within all choice tasks. In this study, we choose a ‘Do nothing’ policy option. The ‘Do nothing’ option was designed to reflect the situation where no new policies would be implemented to protect and enhance biodiversity on farmland in the case study areas. The consequence for this option in terms of the four attributes of biodiversity was then reported as a continued decline in biodiversity in the study area. 

The payment vehicle used in the choice experiment was an increase in general taxation. The reasons for using this payment vehicle include the fact that biodiversity enhancement programmes are generally paid for through taxation and that participants of the focus groups indicated that taxation was their preferred payment option. Six payment levels of taxation were used in the choice experiment, including the £0 level in the status quo option. The actual levels used were identified following a small open-ended pilot contingent valuation study which identified the likely range of bid levels for biodiversity enhancements. These levels were then tested in a pilot choice experiment. The final tax levels used in the choice experiment were: £10, £25, £100, 260, 520, plus the no tax increase in the ‘Do nothing’ option. Tax rises were annual increases per household for the next five years. SPSS was used to generate a (34 x 51) fractional factorial experimental design, which created 25 choice options. A blocking procedure was then used to assign the options to 10 bundles of five choice sets. Thus each choice experiment respondent was presented with a bundle of five choice tasks, where each choice task comprises two policy options and a status quo. Both the household interviews and valuation workshop used this experimental design. 

The Contingent Valuation

In the Cambridgeshire survey, three policy scenarios were presented in the contingent valuation:

· WTP for agri-environmental schemes such as conservation headlands, and reduced use of pesticides and fertilisers - funded by higher taxes

· WTP for habitat creation, including seasonal flood plains, reed beds and more natural river flows - funded by higher taxes

· WTP to protect farmland currently under agri-environmental schemes from development in the form of new houses - conservation here would be financed by a trust fund.

Each respondent only received one of these three scenarios.

In the Northumberland survey, two scenarios were used in the contingent valuation:

· WTP for habitat creation, focussing on wet grasslands, funded by a trust fund

· WTP to protect farmland currently under agri-environmental schemes from development in the form of new houses - conservation here would be financed by a trust fund.

Again, each respondent only received one of these two scenarios.

The Valuation Workshops

Six valuation workshops were undertaken during this research. All workshops were administered in Northumberland, and the location where workshops were conducted was stratified between rural villages, towns and city. A sampling frame based on gender and age was used, and ten individuals were selected on the day before the actual workshop. A £20 incentive was provided to encourage participation in the workshops. The workshops used the same survey instruments as the main study, but the structure of the workshops allowed much greater time for reflection on the information provided, whilst participants were encouraged to discuss the issues involved with each other. Opportunities for questions to the moderator also existed.

5. Results

5.1 Choice Experiment

In the main household survey, 741 respondents (343 in Cambridgeshire and 398 in Northumberland) each undertook five choice tasks. In the valuation workshop, 53 respondents undertook five choice tasks before the discussion and five choice tasks after the discussion.

Table 3 shows results from the choice experiment data for both Cambridgeshire and Northumberland, based on a conditional logit model. The pseudo-R2 value is higher for the latter sample, and is very close to the 20% level suggested by Louviere et al. (2000) as indicating a very good fit in this kind of data. The Cambridgeshire model shows significant estimates for all the attribute parameters. In almost all cases, parameter signs are in accord with a priori expectations. As may be seen, improving familiar species from continued decline to either protecting rare species only or protecting all species increases utility; moving habitat quality from continued decline to habitat restoration or habitat recreation is positively valued; moving ecosystem services from continued decline to a recovery of either directly-relevant services alone or all services creates higher utility. The only exception is for rare, unfamiliar species. Here, although a move from continued decline to stopping decline and ensuring recovery increases well-being, a move to slowing decline is negatively valued. All tax increases reduce utility, as expected.

For Northumberland, the same pattern is repeated, except that the "ecoall" and "rareslow" attributes are not significant. This means that any improvement in habitat quality or familiar species is positively and significantly valued, as is an improvement in directly-relevant ecocsystem services - although not an improvement in all services. This implies the Northumberland group only cared about ecosystem services that seemed to directly impact on their well-being. The Northumberland group also had a negative value for "rareslow", but since this estimate is insignificant, this is unimportant.

The statistical equivalence of the parameter estimates of the two models can be compared using a Likelihood Ratio test. The probability value for this test is < 0.01, indicating that the models are different. In other words, the valuation of biodiversity attributes varies significantly between the two samples, so that simple benefits transfer of valuation functions is rejected. 



Table
 4 shows the implicit prices estimated from the logit model results in Table 3. These implicit prices show the "marginal" WTP on average of moving from one level - the excluded level, which in our case is always the worst-case, do nothing level - to a higher level. For example, the value of £35.65 for "Famrare" for Cambridgeshire means that people were on average willing to pay £35.65 extra per year in higher taxes to move from continued decline in familiar species to a situation where rare, familiar species are protected from further decline. These are "ceteris paribus" values, so should be treated with care in a cost-benefit context. We can see from Table 4 that a scale effect is present in almost all cases for Cambridgeshire, meaning that higher levels of protection are valued more highly for each attribute, with the exception of the odd result on "rareslow", and in the case of "ecoall", where the value of protecting only directly-relevant ecosystem services is higher than that of protecting all. The highest benefits in per-person terms come from ensuring the recovery of rare, unfamiliar species. For Northumberland, the implicit prices for "rareslow" and "ecoall" are omitted, since the parameter estimates were not significantly different from zero. Furthermore, there was little evidence that the Northumberland sample considered the scale effects between the levels of the familiar species and for habitat quality attribute. Highest WTP is associated with ensuring the recovery of rare, unfamiliar species - the same result as for Cambridgeshire.

Comparison of main CE study and valuation workshop

In Table 5, models are presented for the choice exercises during the valuation workshop. Participants made two sets of choices, one near the outset, after receiving the same information as the main survey participants (discuss1), and one near the end, having had a chance to discuss the issues further (discuss2). Neither model fits very well due to the small sample size, but we can note that the number of significant variables increases from 3 to 7 between the two treatments, whilst the overall fit also improves. In other words, a learning effect seems to be present. Looking at the model for discuss2, we see that it compares quite well with the main survey CE results for Northumberland, with only "rareslow" having a negative sign, and with "ecoall" still being insignificant. The workshop choices also show habitat restoration to have an insignificant effect on utility. Implicit prices are also very similar, with a complete recovery of rare, unfamiliar species having the highest welfare gain. Finally, we note that a formal LR test shows that the parameters of the main survey CE model for Northumberland are not significantly than either the "discuss1" or "discuss2" models for the valuation workshops. In this sense, the valuation workshops provide support for the main survey choice experiment results.

5.2 Contingent Valuation

Table 6a gives summary measures for the WTP bids, comparing the Cambridgeshire results with those from Northumberland, and with the total, pooled sample across both studies. We also consider all conservation scenarios merged together. Table 6a thus shows what people in Cambridgeshire / Northumberland are WTP for any of policy amongst the options presented for increasing biodiversity. As may be seen, about one-third of respondents had a WTP of zero
, in other words, did not value these increases in biodiversity. Mean WTP is higher for Cambridgeshire respondents (£58.87) than for those from Northumberland (£42.47): this difference is statistically significant at the 95% level. Median WTP is considerably less than mean WTP in all cases, illustrating a common finding in CV studies.

Table 6b presents results for Cambridgeshire only, and studies how WTP varies by scheme. WTP is highest for agri-environmental schemes, and lowest for preventing development loss. Habitat re-creation is valued between these two. This is of general interest, since the theory of loss aversion suggests that losses are often valued more than gains. However, these changes are not symmetrical in our case. What is more, these mean values are not statistically different from each other at 95% (p= 0.11). Note that sample sizes in each of the three treatments are quite small (n = 107, 110, 124). In Table 6c, this analysis is repeated for Northumberland, where WTP across the two scenarios used (habitat re-creation and development loss) is compared. WTP is higher for the former, but again this difference is not significant (p=0.18). 

The conclusions we can draw from Tables 6a-6c are thus that (i) the value people place on increases in biodiversity is positive, and significantly different from zero. This value is higher in the Cambridgeshire sample than in the Northumberland sample. However, in no cases does WTP differ across schemes to a significant degree. It thus appears that people care about increasing biodiversity, but not how this is achieved.

With regard to benefits transfer, a simple transfer of mean WTP values across geographic areas is rejected, since the mean values are significantly different from each other at the 95% level of confidence. We also tested whether the bid curve underlying the Cambridgeshire data is different to that underlying the Northumberland data, using a Chow test. This test shows that the inverse demand curves (bid curves) are statistically different: it would be incorrect to estimate WTP in either region using the bid curve parameters from the other.

Comparing the CV main survey results with the valuation workshops (Table 7a) we find that WTP was higher in the valuation workshop than in the main survey (£50.33 versus £42.47, across both schemes); but this difference is not statistically significant (p = 0.40). Interestingly, the variance in the workshop sample is higher than in the main survey: this implies that the "opportunity to discuss and reflect", and the social context, in the workshop encourage a greater spread of values compared with the survey. Again, however, there is a big difference in sample size. The small sample size for the valuation workshops (n=106) reflects the high costs of collecting valuation data in this way. Table 7b shows a comparison of values across the two schemes for the valuation workshop. WTP is now statistically different between habitat creation and development loss, with that for the former being more than double the latter. However, the variance of bids for habitat creation is high, as may be seen in the very wide confidence interval. Median WTP is 4 times higher for the habitat creation scenario than the development loss case. 

6. Discussion

Two key questions which can be asked of this data are: is there evidence that the general public area willing to pay additional taxes to support biodiversity conservation, and if so, then why? Here we are firstly interested in whether respondents chose a biodiversity enhancement policy option (Options A or B) as opposed to the ‘do nothing’ option. In fact, only 15% of respondents chose the ‘Do nothing’ option. In other words, these respondents were not willing to pay additional taxes to achieve biodiversity enhancements. 85% of the choices made by CE respondents were for choice options A or B. This demonstrates that the majority of respondents were willingness to pay some amount of additional taxation to attain biodiversity enhancements. This finding is backed up by the contingent valuation results, where positive WTP values existed for all three policy options to either increase biodiversity or stop it from declining further. Approximately one-third of respondents in the contingent valuation were unwilling to pay for biodiversity enhancement, compared with 15% in the choice experiment.

In terms of the reasons given by CE survey respondents for making these choices, over half of the respondents (52.6%) stated that they considered that the biodiversity improvements in policy options A or B were ‘good value of my money’. Three percent of respondents stating a zero bid stated that the biodiversity improvements were not good use of their money, while five percent stated that they already contribute to environmental causes. Protest votes included ‘I do not think that increases in taxation should be used to fund biodiversity improvements’ (6.5%) and ‘The costs of biodiversity improvement should be paid for by those who degrade biodiversity’ (14.2%). 

Another question our research enables us to address is: what aspects of biodiversity protection policy do the public value most? Examining the implicit prices in Table 4 provides some answers. In the choice model, familiar species attained positive and significant implicit prices. In Cambridgeshire, scale effects were evident in that the implicit price for the protection of both rare and common familiar species (£93.49) was significantly higher than the protection of only the rare familiar species (£35.65). This was not, however, the case in the Northumberland sample, where the two levels of protection had similar implicit prices (£90.59 and £97.71 respectively for the protection of rare only and rare and common familiar species). In conclusion, evidence from the choice experiment suggests that the public do support policies that target rare familiar species of wildlife, but the evidence is less clear for the contribution that of common familiar species has. 

The second attribute addressed in the choice experiment related to rare unfamiliar species of wildlife. Two levels of provision were addressed. ‘Rareslo’ which aimed to ‘slow down the rate of the decline in the populations of rare unfamiliar species. …. it is likely that some rare unfamiliar species may still become locally and nationally extinct’. The second level ‘rarecov’ aimed to ‘stop decline and ensure recovery of rare unfamiliar species’. The findings for the ‘rareslo’ attribute level were interesting since it was found to be negative in the Cambridgeshire sample (indicating that negative utility would be gained from a slow down in the decline of the population of rare unfamiliar species – which was not predicted), while the attribute level was not significant in the Northumberland CE model. The implications of this finding was that it appears that the public are unwilling to support policies that simply delay the time it takes for such species to become extinct. This conclusion was further emphasised by the fact that highest implicit prices were attained from the ‘Rarecov’ attribute level. Thus, the policy implication of these findings is that the public appear to only support policies that aim to achieve recovery of the populations of rare species, rather than those that simply attempt to slow down decline in population numbers. A further implication of these findings relates to the fact that survey respondents were told that they were unlikely to ever see these rare, unfamiliar species. Thus, these values can be considered to represent passive-use values.

The habitat quality attribute was included to assess whether the public valued the restoration of existing habitats (‘habrest’) or the re-creation of new habitats on farmland (‘habreco’). Both attribute levels were found to be positive and significant in the two case study locations. In Cambridgeshire, the value for habitat restoration (£35.65) was half that for habitat re-creation (£61.36), while similar values were attained for both levels in Northumberland (£71.15 and £74.01 respectively). The reason for this difference may be similar to those stated above for familiar species. In other words, the Cambridgeshire respondents may have been more able to distinguish between attribute levels and / or the Cambridgeshire sample may have considered that there were very few existing habitats within Cambridgeshire which would benefit from restoration. Again, evidence was not collected to identify which, if any, of these reasons could be verified. However, there was evidence that the public would support policies that aimed to protect and enhance habitats, although the value of the implicit prices were found to be slightly lower than those found for the two species attributes.

Finally, the ecosystem services attribute was included to assess whether the public valued ecosystems that only had a direct impact on humans (‘ecohuma’) and all ecosystem services include those which did not directly affect humans (‘ecoall’). The ecosystems services that had direct impacts on humans were found to be both positive and significant. However, the ‘ecoall’ attribute level was not significant in the Northumberland model and was lower than the ‘ecohuma’ attribute level in the Cambridge sample. It would thus appear that survey respondents ‘cared’ about ecosystem functions that affect humans, but were less interested in the other ecosystem services.

Another question that can be posed is how valid the value estimates obtained from the choice experiment are. Two ways of answering this question are to, first, examine the theoretical validity of our results. As already noted, the parameter signs in the CE equations were overwhelmingly in accord with a priori expectations. Second, a convergent validity test can be made by comparing the main survey CE results with those from the valuation workshops. Again, as already noted, we cannot reject the hypothesis that the choice models obtained from both are significantly different from each other, which provides some evidence as to the stability of the results obtained.

Finally, we can ask how transferable the CE results are between the two case study areas. A Likelihood Ratio test was used to compare the beta values (parameter estimates) between the Cambridgeshire and Northumberland models (Table 3). The prob value for this test is < 0.01, indicating that the two models were different. Based on this evidence we would reject the transfer of the indirect utility functions between the two areas. Another test for benefits transfer undertaken on the choice experiment data was to test whether the implicit prices for each attribute were significantly different from each other between the Cambridgeshire and Northumberland samples. Evidence from Table 4 indicates that the 95% confidence intervals for implicit prices do overlap between the models in two out of six cases - for "famboth" and "habcreate"; however, this is largely due to the large standard errors on the implicit prices. So again, there is little evidence in support of benefits transfer in the choice experiment data.

7. Conclusions

Policy makers may benefit from information on the economic value of biodiversity protection, but also on which aspects of biodiversity are most valued by taxpayers. Stated preference methods such as choice experiments and contingent valuation can provide these type of value estimates, but implementing these methods is difficult in this particular case since the general public have a rather low level of understanding of what biodiversity is and why it matters. In this study we make use of a novel way of conveying information to respondents, information which is consistent with ecological understanding of what aspects of biodiversity might be considered. We then use choice experiments to estimate the relative values people place on these attributes, and contingent valuation to gauge the strength of preferences fort specific real policies that protect biodiversity. 

How policy makers might choose to use such information is something we have not addressed here. But economists would argue that, in a world of scarce resources and conflicting demands, some information is better than no information on the relative values society places on biodiversity conservation.
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Table 1: Value ranges for biological resources

Life diversity level
Biodiversity value type
Value ranges
Method(s) selected

Genetic and 
Bioprospecting
From $175 000 to $3.2 million
Market contracts

species diversity





Single species
From $5 to 126
Contingent valuation







Multiple species
From $18 to 194
Contingent valuation






Ecosystems and 
Terrestrial habitat (passive-use)
From $27 to 101
Contingent valuation

natural habitat 




diversity
Coastal habitat (passive-use)
From $9 to 51
Contingent valuation







Wetland habitat (passive-use)
From $8 to 96
Contingent valuation







Natural areas habitat (recreation)
From $23 per trip to 23 million per year)
Travel cost, tourism revenues






Ecosystems and
Wetland life-support
From $0.4 to 1.2 million
Replacement costs

functional 




diversity
Soil and wind erosion protection
Up to $454 million per year
Replacement costs, hedonic price, production function







Water quality
From $35 to 661 million per year
Replacement costs, averting expenditure



Source: Nunes and van den Bergh (2001)

Table 2: Summary of biodiversity attributes and levels used in the choice experiment


POLICY 

LEVEL

1
POLICY 

LEVEL

2
DO NOTHING

(Biodiversity degradation will continue)



Familiar species of wildlife
Protect rare familiar species from further decline
Protect both rare and common familiar species from further decline..
Continued decline in the populations of familiar species

Rare, unfamiliar species of wildlife
Slow down the rate of decline of rare, unfamiliar species.
Stop the decline and ensure the recovery of rare unfamiliar species
Continued decline in the populations of rare, unfamiliar species

Habitat quality
Habitat restoration, e.g. by better management of existing habitats
Habitat re-creation, e.g. by creating new habitat areas
Wildlife habitats will continue to be degraded and lost

Ecosystem process
Only ecosystem services that have a direct impact on humans, e.g. flood defence are restored.


All ecosystem services are restored


Continued decline in the functioning of ecosystem processes

Annual tax increase
10
25
100
260
520
No increase in your tax bill

Table 3: Logit models for Cambridge and Northumberland CE samples

Cambridgeshire

Attribute


Parameter estimate
t-value





FAMRARE 
0.126
2.1

FAMBOTH 
0.331
5.2





RARESLO 
-0.165
-3

RARECOV 
0.408
5.7





HABREST 
0.122
2.3

HABCREAT 
0.217
3.5





ECOHUMA 
0.19
3.2

ECOALL 
0.15
2.2





PRICE
-0.004
-15.2





Pseudo R2
14%






N (Individuals)
343


Northumberland

Attribute


Parameter estimate
t-value





FAMRARE 
0.309
5.1

FAMBOTH 
0.334
5.2





RARESLO 
-0.08
-1.5

RARECOV 
0.645
8.1





HABREST 
0.243
4.7

HABCREAT 
0.253
4.3





ECOHUMA 
0.359
5.9

ECOALL 
0.064
1





PRICE
-0.003
-15.3





Pseudo R2
19%






N (Individuals)
398


Table 4: Implicit prices for Cambridge and Northumberland CE samples

Cambridgeshire

Attribute


Implicit Price
SE
95%lower
95%upper

FAMRARE 
35.65
17.19
1.95
69.34

FAMBOTH 
93.49
18.03
58.15
128.82







RARESLO 
-46.68
15.88
-77.80
-15.55

RARECOV 
115.13
21.22
73.53
156.72







HABREST 
34.4
15.32
4.37
64.42

HABCREAT 
61.36
17.52
27.02
95.69







ECOHUMA 
53.62
16.97
20.35
86.88

ECOALL 
42.21
19.23
4.51
79.90

Northumberland


Implicit Price
SE


95%lower
95%upper

FAMRARE 
90.59
19.24
52.87
128.30

FAMBOTH 
97.71
18.47
61.50
133.91







RARESLO 
n/a

RARECOV 
189.05
25.28
139.50
238.59







HABREST 
71.15
16.29
39.22
103.07

HABCREAT 
74
17.51
39.68
108.31







ECOHUMA 
105.22
17.7
70.52
139.91

ECOALL 
n/a

Table 5: Choice experiment results: workshop versus main survey, Northumberland


Main 

Survey

Workshop:

Discuss1

Workshop:

Discuss2


ATTRIBUTE
Parameter
t-statistic
Parameter
t-statistic
Parameter
t-statistic









FAMRARE 
0.309
5.1
0.172
1.1
0.327
2.0

FAMBOTH 
0.334
5.2
0.257
1.6
0.343
2.0









RARESLO 
-0.080
-1.5
-0.028
-0.2
-0.316
-2.1

RARECOV 
0.645
8.1
0.166
0.8
0.654
3.0









HABREST 
0.243
4.7
0.093
0.7
0.149
1.1

HABCREAT 
0.253
4.3
0.323
2.0
0.332
2.0









ECOHUMA 
0.359
5.9
0.386
2.4
0.319
2.0

ECOALL 
0.064
1.0
0.116
0.6
0.211
1.2









TAX
-0.003
-15.3
-0.004
-6.2
-0.004
-5.8









A_OPTA
-0.012
-0.1
0.823
2.3
-0.295
-0.8

A_OPTB
-0.205
-1.5
0.894
2.4
-0.081
-0.2









-2*lnL
3172.6

417.4

440.7


p-value
<0.01

<0.01

<0.01










Pseudo R2
19.2%

16.7%

18.7%










N (Individuals)
398

53

53


TABLE 6a

Summary WTP Measures

Cambridgeshire and Northumberland



SITE
N
Mean
Standard Error
95%

Confidence

Interval
95%

Trimmed Mean


Median
Percentage

with

WTP = 0

Cambridge-shire


341
£58.87
£5.84
£47.38↔£70.36
£42.84
£20.00
32.3%

Northumber-land


395
£42.47
£3.97
£34.67↔£50.27
£30.09
£10.00
35.9%










Both


736
£50.07
£3.45
£43.29↔£56.85
£35.81
£20.00
34.2%

Notes: t-test for difference in means: t=2.3 and  p=0.02


TABLE 6b

Summary WTP Measures by Type of Programme

Cambridgeshire Only



SITE: Cambridgeshire


N
Mean
Standard Error
95%

Confidence

Interval
95%

Trimmed Mean


Median
Percentage

with

WTP = 0

Agri-environment schemes


124
£74.27
£13.26
£48.03↔£100.51
£53.28
£24.00
29.8%

Habitat creation 

Scheme


107
£54.97
£6.56
£41.96↔£67.98
£48.42
£24.00
29.9%

Development loss


110
£45.30
£7.82
£29.80↔£60.79
£31.26
£16.00
37.3%










ALL


341
£58.87
£5.84
£47.38↔£70.36
£42.84
£20.00
32.3%

Notes: F-test for difference in means: F=2.2 and  p=0.11


TABLE 6c

Summary WTP Measures by Type of Programme

Northumberland Only



SITE: Northumber-land


N
Mean
Standard Error
95%

Confidence

Interval
95%

Trimmed Mean


Median
Percentage

with

WTP = 0

Habitat creation

Scheme


209
£47.49
£5.98
£35.70↔£59.27
£34.35
£12.00
27.8%

Development loss


186
£36.84
£5.07
£26.82↔£46.85
£25.29
£3.00
46.8%










ALL


395
£42.47
£3.97
£34.67↔£50.27
£30.09
£10.00
35.9%

Notes: t-test for difference in means: t=1.4 and  p=0.18


TABLE 7a

Summary WTP Measures  

Valuation Workshop versus Main Survey




N
Mean
Standard Error
95%

Confidence

Interval
95%

Trimmed Mean


Median
Percent

With

WTP = 0

Valuation Workshop


106
£50.33
£9.08
£32.32↔£68.34
£35.22
£10.00
33.0%

Main survey


395
£42.47
£3.97
£34.67↔£50.27
£30.09
£10.00
35.9%










Pooled


501
£44.14


£3.67
£36.92↔£51.34
£30.96
£10.00
35.3%

Notes: t-test for difference in means between main survey and workshop: t=0.8 and  p=0.40


TABLE 7b

Summary WTP Measures  

Valuation Workshop 



Scheme: 


N
Mean
Standard Error
95%

Confidence

Interval
95%

Trimmed Mean


Median
Percent

With

WTP = 0

Habitat creation


53
£68.72
£15.89
£36.83↔£100.60
£52.95
£20.00
28.3%

Development loss
53
£31.94
£8.23
£15.42↔£48.46
£22.57
£5.00
37.7%










Pooled


106
£50.33


£9.08
£32.22↔68.341
£35.22
£10.00
33.0%

Notes: t-test for difference in means between schemes: t=2.1 and  p=0.04


� Note that protest responses were coded as zeros: these mean WTP figures are thus conservative estimates.





