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Abstract

:

The construction of hydropower plants, particularly of large ones, is far from being a consensual decision: advocates defend their construction based on the unquestionable benefits hydropower provides, while critics argue that these facilities are far from harmless and cause adverse impacts on the environment, being not only against the construction but also demanding the destruction of existing ones. We review a selection of recent empirical studies concerning impacts of hydropower developments, to make a case for the consideration of non-use values in the economic valuation of the environmental and social impacts of hydropower plants, through the use of non-market valuation methodologies. Additionally, we present data from a case study of hydropower economic valuation, where different subgroups of the population with differing degrees of contact and familiarity with hydropower rate their perception of impacts. Respondents with more contact are less penalizing of hydropower than other respondents. We conclude that non-use values are non-negligible and can be valued through stated preference methods, but researchers should take into consideration perceptions and the role of users and non-users. Non-use values should thus not be neglected by policy makers and regulators at the planning and public consultation stages or as part of the decommissioning decision.
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1. Introduction


Appraising the social desirability of an energy generation project is a complex task. From an economic perspective, a project is considered efficient if the sum of its benefits outweighs its costs in financial, economic, social and environmental terms, in which case social welfare increases relative to the initial situation. Focusing only on benefits and costs with a monetary value in the market neglects what can potentially be a significant component of social value. In particular, in the case of environmental impacts of energy projects, there are benefits and costs that may impact the net worth of a project but are not directly valued in the market. When it comes to renewable energies sources (RES), there are not only environmental benefits, in particular the reduction of greenhouse gas (GHG) emissions, but also non-negligible negative impacts, which need to be considered [1,2,3]. The same happens with the psychological and social issues: if, on the one hand, hydropower, as a renewable source, benefits from wide acceptance by the general population, the same is not true among local residents whose well-being is clearly affected by the day-to-day operation of hydropower plants in the vicinity of their residences [4,5,6]. To account for economic values of these adverse impacts, economists have included in their toolkit non-market valuation methods which allow researchers and policy makers to value the externalities of projects, in particular to provide a monetary approximation to the so-called non-use values. By monetizing different components of the total economic value (TEV) associated with environmental and social impacts of a project, it is possible to compare it like-for-like with financial and economic net returns.



In this paper, we focus on the case of hydropower plants, whose construction decision is difficult and far from being consensual, given the many implications for development, the environmental and social justice [7]. On the one hand, many agents defend the construction of hydropower plants based on the unquestionable benefits they provide for energy and water supply, flood management, irrigation possibilities, promotion of tourism and the many associated employment opportunities (e.g., [8,9]). There are others who consider that these facilities are far from being harmless and that the advantages clearly do not compensate the many adverse impacts on the environment [4,10,11,12]. In addition to affecting the environment, the day-to-day operation of hydropower plants can be extremely uncomfortable for local populations, generating a clear decrease in the well-being of these populations. Richter [13] highlights that communities living downstream from damned river have been affected in their river-dependent livelihoods associated with fish and agricultural activities, but have often been ignored when appraising dams’ impacts. Additionally, hydropower projects have often implied the displacement of local communities and their resettlement elsewhere, sometimes involuntary [14,15,16,17].



These environmental and social adverse impacts associated with hydropower justify the increasing lack of social acceptance particularly felt among local communities, and an increasing number of studies making the case for the option of dam removal as an answer for many critical social and environmental problems (e.g., [18,19,20,21,22,23]). Furthermore, nowadays it is estimated that in Europe and the US more hydropower plants are being decommissioned than built [24], so it is likely that the environmental and social consequences of dam removal will become increasingly pertinent, and even the science around this issue will need further developments [25,26].



The controversies around hydropower are amplified when it comes to large dam projects. Noteworthy impacts of large projects involve large population displacements, and have in the past included human rights abuses during the pre-construction phases [27]. The accelerated construction of large dams in previous years, gave rise to a global debate under the World Commission on Dams [28] in the late 2000s, but that is still pertinent a decade later [29] and today [30]. One of the main recommendations from the commission as summarized by its secretary-general was that “decisions about whether a dam should be built and how it should be operated, or whether better alternatives exist, must reflect the multiple impacts and risks and benefits that such projects imply for different stakeholders.” ([29], p. 2).



As we can infer, hydropower plants’ adverse impacts have been well identified in the literature for more than two decades; however, cost-benefit analysis on hydropower developments continue to neglect these impacts since the losses and reductions in amenities are mostly non-market goods or services, and therefore are not captured by market prices. Additionally, many of these losses are valuable for society in terms of non-use values but their consideration in monetary terms is not straightforward.



Mattmann et al. [1] note in a recent meta-analysis of hydropower externalities that much more attention has been devoted to the economic valuation of externalities associated with other renewables other than hydropower. However, as the importance of RES for electricity production continues to increase (the International Energy Agency estimates that in 2017 renewables account for one quarter of electricity generation, which is expected to rise to 41% by 2040), hydropower is, and is expected to continue to be, the most important RES [31]. It is therefore important to understand how to account for all components of the TEV of environment impacted by hydropower projects, both old and new.



In a context of continuing importance of hydropower for electricity generation, we propose to guide the reader through the economic concepts of TEV and stated preference methods as applied to dams and hydropower, so as to present an overview of recent studies on the economic valuation of non-use values. While other renewables have attracted more attention from researchers using this economic toolkit, the few studies conducted and surveyed in this paper that have applied non-market valuation methods have opted to value non-use values using stated preference methods. These studies on the one hand highlight the non-negligible importance of non-use values, giving strength to the argument that these should be fully acknowledged. On the other hand, these studies mostly focus on the operation of existing dams, rather than on ex-ante analyses or removal cases, thus identifying a gap in the literature, all the more relevant given both the decommissioning of older infrastructures and commissioning of new hydropower plants in developing countries [24].



Furthermore, the value attributed to impacts of hydropower, in particular non-use components (impacts on nature, landscape interference, heritage destruction, etc.), is likely to differ according to different subgroups of the population. On the one hand, local residents will not only value some of those components for their existence value but also for their use value, while other people will mostly value them as non-users. On the other hand, the acquaintance and familiarity with hydropower will change how individuals perceive those impacts in terms of severity and nuisance, which will in turn impact value estimates. In this paper, we present evidence to illustrate the importance of considering different population subgroups in terms of perception of impacts. While we would expect individuals closer to hydropower plants to perceive their impacts more severely, we observe that, on the contrary, it is those with less contact, whom we deem to be non-users, who are more critical. We believe this is a result that warrants future research. This is a relevant result for future studies, that should adequately control for the relation of respondents to hydropower projects in the elicitation of use and non-use values.



The remainder of this paper is organized as follows. Section 2 provides an overview of the key concept of TEV and discusses different components of TEV affected by the activity of hydropower plants based on a review of empirical studies since the year 2000 that have used economic non-market valuation methods to study hydropower. This section aims to be a quick and up-to-date reference for policy makers and practitioners on the main concepts in the economist’s toolkit that can be applied to appraise new and existing hydropower projects without neglecting non-use values. In Section 3, we present the case study and the results that illustrate how different population subgroups perceive hydropower impacts. This section extends the existing literature by highlighting that care should be taken when approaching different population groups to elicit non-use values. Finally, the main conclusions are presented along with policy and research implications.




2. Hydropower Adverse Impacts Through the Lens of Economic Valuation Methods


2.1. Introduction


Despite the well-known benefits for water and energy supply, flood management and irrigation, hydropower plants can also have negative impacts on the environment, including imposing biodiversity loss and adverse effects on the surrounding fauna and flora, requiring the flooding of cultivable land, contributing to the degradation of water quality, generating noise, intruding on landscape, and requiring the destruction or displacement of sites of architectural or historical importance [1]. Moreover, the activity of dams, particularly large dams, may cause psychological and social problems, especially for those living in the local communities near the facilities. Most of these damages are not directly included in the appraisal of hydropower developments mainly because their economic value is difficult to estimate, since there are no markets for the goods and services impacted and, therefore, prices are not available, which does not necessarily mean they have no value.



Based on a selective literature review for empirical studies, we present in Table 1 a collection of 29 studies (from 2000 to 2018) on economic valuation of the environmental and social impacts caused by the operation of hydropower facilities. These purport to infer, through the application of different non-market economic valuation methods, different environmental and social values directly or indirectly affected by the activity of dams. Using these studies as a reference, we will next present the concept of TEV as related to hydropower projects and how non-market valuation methods allow researchers to approximate those values, so that they are not neglected in the appraisal of projects.




2.2. The Concept of Total Economic Value (TEV)


The concept of TEV is used as a framework that allows researchers to measure the economic value of non-market assets, as is the case of environmental goods and services. It represents a reference framework to assess changes in individuals’ well-being from environmental impacts associated with a new policy or project [59]. The concept of TEV was developed to ensure that the value of the natural environment included more than simply the marketable raw materials and physical products. Neglecting other components of the value of the environment would lead to systematically underestimating the value of environmental goods and services, and in turn to decisions that would be suboptimal from an economic perspective, this generating losses for society [60]).



There are several approaches to the definition of TEV. Bateman et al. ([61], p. 28) state that “the net sum of all relevant willingness-to-pay (WTP) and willingness-to-accept (WTA) defines the TEV of any change in wellbeing due to a policy or project”. According to Torras ([62], p. 286) it is “the sum of its direct, indirect, option, and existence values”. Other studies consider the sum of the non-marketable and marketable values ([62], p. 283). Although distinct, these definitions are complimentary in that all contribute to better understanding this encompassing concept.



The TEV of an environmental good or service is associated with its attributes, which can either relate to the use or non-use values of the good or service. According to some authors (e.g., [59,61]), use values mean there is an actual use of the good or service, or that the use is planned or possible. As for actual use, it can be direct or indirect.



The actual direct use value can be first of all extractive, which implies that the quantity left for others is reduced (e.g., the extraction of water for irrigation); secondly, it can be non-extractive when the quantity if nor reduced for others (e.g., enjoying recreational amenities such as water sports or bird watching) [63,64]. In the case of recreational activities afforded by rivers, there is a decrease in this direct use value when a particular area is dammed-up [36]). On the contrary, the construction of a new hydropower project may create new recreational activities associated with the reservoir and thus generate a benefit rather than a cost.



The actual indirect use value is experienced indirectly by individuals or as a consequence of the primary function of a given resource. This is the case of regulating services provided by the ecosystem which contribute indirectly to the enjoyment of other final consumption amenities (e.g., forests’ ability to sequester CO2 and produce O2 creates positive climate externalities and reduce health risks; hydropower as an alternative to fossil fuels contributes to reduce greenhouse gas emissions) (e.g., [57,62,63,64,65]).



The planned use component refers to use in a specific future date (e.g., a planned recreational trip to a natural area) [59,61].



Actual and planned uses are straightforward concepts, which is not the case with possible use, also known as option value. This notion was first introduced by Weisbrod [66] to define the price of conservation, namely the willingness-to-pay for preserving a good or service with only the option of a future use. As stressed by Alcamo et al. ([63], p.133), “despite individuals not currently be deriving any utility from the environmental goods or services, they still have the option to use them in the future”. This is not a consensual concept, with different interpretations in the literature: only uncertain benefits may be considered (e.g., [62]) or benefits already known but whose use was delayed (because of irreversibility for instance) or alternatively both types can be considered (e.g., [59,61]. In some studies (e.g., [63,64]) both certain and uncertain future benefits are considered in the TEV, respectively option value and quasi-option value. Finally, it is important to underline that sometimes option value and quasi-option value are not considered as use value, but rather as a component of non-use value.



Non-use values or passive use values correspond to cultural, moral, religious or aesthetic attributes as perceived by the individual who is making the assessment [67]. For instance, Freeman [68] considers that non-use value is the component that is not captured by revealed preference techniques. For Kolstad [69], non-use values result from the satisfaction of knowing that ecosystem services are conserved and that others can access to them in the present or in the future. Others argue that non-use value refers to the willingness-to-pay to preserve the existence of a good or service even in the absence of actual, planned or possible use [59,61]. We follow this latter approach, according to which non-use value can be classified in terms of (a) existence value, (b) altruistic value, and (c) bequest value.



Existence value was first defined by Krutilla [70] as the satisfaction that an individual gets from knowing that good or service will be preserved, and is independent of personal present or future use. Motivations vary and may include the concern for the asset itself (e.g., a threatened species) or a feeling of responsibility for the asset. Some authors (e.g., [71,72]) do not make a distinction between the closely related concepts of existence value and intrinsic value: existence value depends on individual preferences whereas intrinsic value is independent of human needs and tastes. For Madariaga et al. [73], existence value is associated with non-use value, and even a type of use value like “vicarious consumption” (e.g., viewing TV programs about tropical wildlife). At the other extreme, Bergstrom and Reiling [74] limit existence value to cognitive value, that is the value that comes from being able to “think about” the asset.



Altruistic value is related to intra-generational equity concerns, and the individual derives value from the fact others in the present can benefit from the good or service. Similarly, bequest value extends the concern to inter-generational equity and considers the next and future generations [61,64,75].



As argued by Crowards [76], non-use values do not depend on the expected or present use or contact with the good or service, but merely on the knowledge that it exists, either for its own sake, to benefit others or to benefit future generations. As such, concerns about the irreversibility associated with the use of the resource are accounted for in the concept of TEV. Similarly, intra- and inter-generational equity concerns are considered, albeit from the perspective of present individuals who are making the assessment.



To summarize, Figure 1 presents TEV by types of value according to the approaches put forward by several authors.



Non-use values are thus relevant in the analysis of the costs and benefits of a project with impacts on environmental and cultural assets. Their consideration and estimation is however not always straightforward and depends on the specificities of the case study and who is being asked to value a particular good or service. When hydropower impacts for example a natural landscape, as in the case of a waterfall region in Estonia, the aesthetic and touristic value would be significantly decreased by a proposed reduction in the water flow. Ehrlich [51] conducts a study to estimate how much national residents would pay to preserve the water flow. For Estonians who are likely to visit the region, the elicited values are use vales, whereas for other Estonians they would constitute non-use values.



In a case study in Sweden, Hakansson [50] studies the benefit for society of improving the wild salmon population negatively impacted by hydropower. A survey of the general population using a non-market valuation technique reached both anglers and non-anglers, whose perceptions of the benefit from this improvement in the salmon population may differ. For anglers, elicited values are more likely to be mostly use values, albeit potential, whereas for non-anglers, elicited values are likely to be solely non-use values.



Additionally, the perception of impacts of hydropower among different population groups are likely to differ, as in the population of anglers and non-anglers or in the case we present in this paper, among residents near projects and non-residents. We present evidence from a case study to support this hypothesis.




2.3. An Overview of Non-Market Valuation Methods


Non-market valuation methodologies aim to estimate the value of environmental goods and services by considering individual preferences through the common metric of money [68,77,78]. The different methodologies have traditionally been classified as indirect methods (the so-called revealed preference methods) or direct methods (the so-called stated preference methods).



A revealed preference method gathers information about individual preferences for marketable goods that are related to the non-market good under valuation, either as complements or substitutes. These methods can only measure the use value of the goods or services. Specifically, there is the travel cost methods, the hedonic price method, and the averting behaviour technique.



Stated preference methods directly elicit individual preferences for a change in the level of provision or quality of an environmental resource, normally through questionnaires. The elicitation of individual valuations is developed within a hypothetical market scenario for the environmental good or service. These methods allow researchers to measure both the use and the non-use values of goods. There are two main approaches: the choice modelling and the contingent valuation approaches. The former includes choice experiments, contingent ranking, contingent rating and paired comparisons. In addition to eliciting total value from users and nonusers and being suitable for ex-ante and ex-post application, we stress that by incorporating non-use values into valuation procedures, the stated preference methodologies can more accurately reflect the full worth that society attributes to an environmental asset. These techniques are diagrammatically presented in Figure 2.



From the information in Table 1, we observe that of the studies reviewed, a minority use the revealed preferences methods: seven from the USA, one from Ireland and one from Austria. One of the techniques is the travel cost approach in References [32,33,34,35], that can be used to value the hydropower’ impacts over recreational rivers’ values. The other two studies apply the hedonic pricing technique [38,40], which collects data for example from property markets, where an environmental attribute is implicitly traded. In these two specific studies, the authors infer the use value of environmental goods (aquatic ecosystems, fauna, flora and recreation activities) based on the residential property values.



The other twenty studies presented in Table 1 use the stated preferences methods. Of these, nine studies apply choice experiments, and the remaining studies apply the contingent valuation methodology.



All the studies using the choice experiment technique share the theoretical framework in which respondents are presented with a series of alternatives, differing in terms of attributes and levels, and are asked to choose their most preferred (for guidance on how to apply this technique refer for example to References [80,81]). This approach allows the computation of the willingness-to-pay of respondents for the environmental attributes of the good or service, and can thus show the relative importance of some environmental improvements. The results can then be used as the basis for decisions as to projects that affect the environmental assets. The main concerns in these specific choice experiment studies are estimating the values of river water flow, water level, drinking water quality, fauna, flora, forest, historical remains and landscape. These represent not only use values (option, actual, indirect, direct, non-consumptive and consumptive), but also non-use values (existence, for others, altruism and bequest).



The contingent valuation technique was applied in 11 studies on the economic valuation of dams’ environmental impacts and consists of a questionnaire that directly elicits consumers’ preferences. A hypothetical market is described where the good in question can be traded and respondents are asked to indicate their maximum willingness-to-pay or minimum willingness-to-accept a compensation for a hypothetical change in the level of the environmental good or service (for guidance on how to apply this method refer for example to Johnston et al. [81]). These specific contingent valuation studies propose to mainly assess the values of land use, landscape impacts, impacts on fauna and flora, historical monuments, recreational river sports, and also some social issues. These are use values (option, actual, indirect, direct, non-consumptive and consumptive) and non-use values (existence, for others, altruism and bequest).



Three of the studies in Table 1 [5,6,56] emphasize key social issues particularly felt among the local communities who often are against the construction of the hydropower facilities in the proximity of their residences.



Social acceptance, or the lack of it, represents one of the most important concerns regarding hydropower development, since the construction and operation of dams is associated to considerable social impacts particularly imposed on the local communities [28,82,83]. There is empirical evidence that hydropower projects may worsen the living conditions of local communities and in particular of those who are involuntary displaced and resettled [28,83,84]. Hence, considering and evaluation these social impacts caused by dam projects, and eventual displacements and resettlements would be of great importance to hydropower development, as well as devising and implementing measure to mitigate the adverse social impacts [14].



Regarding the application of these two stated preference methodologies, it is important to underline how valuable they are for allowing researchers to infer not only use values, but TEV including both use and non-use values from users and non-users. The latter potentially represent a non-negligible part of the value that individuals and society in general attributes to the environment. In fact, a considerable number of individuals may never expect to make use of some environmental goods and services, but still derive utility from their conservation. Therefore, economic non-use values are increasingly recognized as an important component of TEV and thus a key element when making decisions that can affect the environment, and ultimately society. Moreover, in the case of hydropower where benefits are socially acknowledged and valued, it is important to estimate decreases in non-use values related to a dam’s construction and operation. Only then can a complete and socially equitable cost-benefit analysis be made.



Worthy of note is the fact that all the studies identified and summarized above reveal non-negligible values for all the impacts under appraisal, providing strong evidence that despite lacking market prices, they do have economic value, and therefore cannot be ignored in proper comparison of benefits and costs for public decisions concerning dams’ construction and operations.





3. Perceptions of Impacts Underlying Non-Use Values by Population Subgroups: A Case Study


3.1. Non-Use Values and the Perception of Population Subgroups


TEV includes components of use and non-use values, which can be elicited by economic valuation methods as illustrated by the selection in the previous section. Throughout this paper, we emphasize non-use values, which have no straightforward market, and yet should be carefully studied so that all costs and benefits of projects are accounted for. As mentioned, the elicitation of non-use values can be done through carefully designed questionnaires, and by creating hypothetical markets where survey respondents state their willingness-to-pay (WTP) for a marginal improvement or willingness-to-accept (WTA) a marginal decrease in a specific environmental good or service, as a consequence of a hydropower plant activity. These values are anthropocentric in that they stem from respondents’ utility for a use or non-use component of the good or service and only go as far as respondent’s perceptions and preferences allow. This restricts what is captured by the concept of TEV, and neglects, for example, negative impacts that are not known at the time the valuation occurs.



On the other hand, how each respondent perceives the effects of a hydropower project, for example, will affect the valuation of the goods and services affected. Additionally, understanding the value of certain environmental goods or services as use or non-use can depend on certain characteristics of a population subgroup, such as for example being an angler or not, a tourist or not, or a local resident or not. Therefore, we can expect that different subgroups of the population will perceive differently the seriousness of the different dams’ impacts based on preferences, past interactions with the RES or being a user or non-user of the particular goods or services. This, in turn, will affect elicited values through stated preference methods.



For the particular case where individuals can be perceived as users or non-users in relation to the hydropower plant impacts, special care should be taken when selecting the sample and designing the questionnaires. Measuring use and non-use values separately is theoretically questionable as it assumes separable utility functions, leading to embedding effects (part-whole or disaggregation bias) [85,86]. However, for the case where there are concerns over the equity of RES choices regarding location and size of power plants, it is not necessary to measure use and non-use values separately, but rather that the elicitation of welfare impacts is done for subgroups of the population, in particular between the users and non-users of the area where the dams are installed.



In the case study we present in this paper, we explore perceptions of impacts of hydropower in different population subgroups and test the hypothesis that the perceptions are similar across different objective population characteristics. The alternative hypothesis is for previous experience and contact with the RES or being a user or non-user will condition perceptions. First, we test this hypothesis on data from local residents close to hydropower projects relative to national residents. Second, we can discern in the national sample more or less contact and familiarity with hydropower and split the sample and analyse differences in perceptions, namely across differences in installed capacity in the district of residence, whether individuals see a hydropower plant frequently or whether they have ever visited a dam. In both cases, the “further away” respondents are from hydropower projects, the more likely to perceive essentially non-use values of environmental and social attributes impacted, whereas respondents with more contact are more likely to include use values in their valuation.



We expect stronger views on hydropower from local residents who live in the vicinity of power plants and thus are more directly affected by its adverse impacts. In fact, when stated preference (SP) methods are applied, WTP or WTA values are likely to be inflated by the fact that both use and non-use values estimations are made by survey respondents. On the contrary, non-local residents are likely to give more importance to non-use values, with a few eventually including some option value component. It is a fact that the activity of hydropower plants is far from being benign in terms of local environmental and social impacts [1,3], and this is likely to feed into non-use values. Our contribution is to take a step backward and explore perceptions of impacts in a sample contacted for the purpose of economic valuation, to test whether more familiarity and contact with hydropower will impact perceptions of local adverse impacts.



Whitehead [87] shows that quality perceptions significantly influence WTP estimates and should be considered endogenous in the valuation process. Therefore, when applying stated preference methods to valuing economic value of environmental damages of RES, researchers should control for the type of involvement and perception of damages by respondents. Individuals more directly impacted by the RES are likely to perceive the damages more strongly and thus state a higher WTP/WTA. In the case of residents this would be a reflection of the inclusion of user dimensions in their valuations.




3.2. Case Study: Different Perceptions on Hydropower


In an encompassing valuation study of the environmental impacts of RES in Portugal, data on the perception of seriousness of environmental and social impacts was collected for the general population and for population living close to RES power plants (please refer to Botelho et al. [56,88] for further details about the questionnaire and valuation section). Some of these studies elicited the WTP by national residents to compensate locals for specific local environmental and social damages of RES through a discrete choice experiment [88]. The other studies elicited the WTA of local residents in terms of compensation through a contingent valuation questionnaire [56]. The values elicited are not directly comparable as in the former case non-use values are likely to be more salient than use-values, given that national residents are being asked to value the adverse impacts on others. In the latter case, the questionnaires were administered to local residents, so both use and non-use values are expected to be significant, or at least more significantly so than in the questionnaire for national residents. The purpose of the studies was not to elicit comparable values, and this is not the aim of the analysis here. However, using these two questionnaires (local residents and national residents), the perception of severity of RES was similarly elicited, which means responses can be directly compared, controlling for the type of involvement with the RES. As such, for the purpose of the present paper, we are able to test whether perceptions towards hydropower differ across measures of proximity and familiarity with the RES.



The questionnaires were administered during 2014. The local questionnaires were conducted as personal interviews carried out by the research team in the vicinity of several dams in operation in Portugal, whereas the national questionnaires were conducted by a professional polling company on a national sample in Continental Portugal. Taking into account the data requirements for the following statistical analysis, there are 15 local residents’ questionnaires and 188 national residents‘ questionnaires.



The null hypothesis under analysis refers to the absence of differences between population subgroups, whereas the alternative hypothesis is that objective population characteristics will generate different perceptions. The following tests will be carried out according to: (a) place of residence (closeness to hydropower plant, i.e., local residents vs. national residents; (b) in terms of installed capacity in the district of residence; (c) whether individuals see a hydropower plant frequently; (d) whether they have visited a hydropower plant. The corresponding alternative hypotheses are:



Hypothesis 1 (H1).

Perceptions as to hydropower’s local impacts differ between local residents and national residents.





Hypothesis 2 (H2).

Perceptions as to hydropower’s local impacts depend on installed capacity in the district of residence.





Hypothesis 3 (H3).

Perceptions as to hydropower’s local impacts depend on visibility of dam.





Hypothesis 4 (H4).

Perceptions as to hydropower’s local impacts depend on previous knowledge of dams.





Respondents were asked to rate the effects on specific dimensions of RES from 1 to 5, where 1 is significant negative impact and 5 is significant positive impact. The dimensions were selected from an extensive literature review, focus group discussions and application of “think-aloud” techniques [89]. Regarding hydropower, the dimensions selected were: effects on landscape, fauna, flora, heritage and noise [88].



We test each of the cases by comparing differences between the distribution of responses (using the Kolmogorov–Smirnov test, KS test) and compare the rank of responses using the Wilcoxon–Mann–Whitney Rank Sum test (WMW test). The full results are in Table 2.



(a) Local residents vs. national residents (H1)



If local and national residents perceive differently the effects, both subgroups need to be consulted so as to better estimate use and non-use values. In particular, the negative effects on landscape, heritage and noise are expected to feed into higher use values than the effects on fauna and flora, which are likely to have more of an existence or bequest value associated. More proximity to hydropower plants is likely to make residents more sensitive to adverse impacts in the use value components. We thus expect local residents to perceive the negative impacts in those dimensions more strongly than national residents. In terms of the analysis we argue that local residents are akin to users of the environmental and social goods or services impacted by hydropower plants, whereas non-locals are akin to non-users.



However as per Table 2a, in terms of perceptions of impacts, across the five attributes considered, there are no statistically significant differences between the two groups, according to both groups.



(b) Installed capacity in the district of residence (H2)



The national sample can be split in terms of installed capacity of hydropower in the district of residence (above and below the mean) to proxy a higher or lower acquaintance with the energy source. We collect the data from http://e2p.inegi.up.pt/ to calculate the installed capacity of hydropower plants per district. Districts (18) were ranked according to total installed capacity and classified as above median (higher installed capacity) or below median (lower installed capacity). When we split the sample into these two subgroups, we expect that national residents who live in districts with higher intensity of the RES (65 respondents) to have more familiarity with the renewable source and more contact than those in lower intensity districts (123 respondents). More familiarity implies a more accurate perception of local impacts of hydropower.



As observable in Table 2b, in districts with above median installed capacity, the WMW test yields statistically significant results for all five attributes. Respondents are more positive towards hydropower in those districts than in other districts. More potential contact with hydropower plants improves perceptions.



(c) Hydropower plant visible (H3)



Another question in the national residents’ questionnaire concerned familiarity with hydropower through observation of a plant on a daily basis, either from home, work or during commuting. Out of 188 responses, only 11 of responses are positive. In terms of perception, Table 2c shows that those who see on a daily basis a hydropower project perceive the impacts are more negatively than those who do not. The limited sample size does not allow us to draw a clear conclusion. This is, however, a result that warrants future investigation.



(d) Previous contact with hydropower (H4)



To control for more direct contact with a dam, we asked whether respondents had visited one in the past. While the question does not specify the type of visit, it is generic enough to capture if the respondent had seen an actual dam. The majority of respondents had indeed done so (173 out of 188). As for the comparison of perception, the perception of past visitors is more positive than of those who did not come into contact with a dam for landscape impacts, heritage impacts and noise pollution. No statistically significant differences were found in the perception of fauna and flora impacts. In this case, more contact with hydropower improves perceptions.



The results suggest that in fact different subgroups of the population differ in their perceptions. We do not find statistically significant differences between the perception of local and national residents. It would have been appropriate to elicit valuations using the same instrument from both population subgroups, as perceptions are not potentially biasing results.



We do find however differences according to levels of contact with hydropower within the national sample. The above results for H2 indicate that individuals closer and more likely to be familiar with hydropower perceive its impacts less severely than others. This result is similar to Bakkensen and Barrage [90] who find that residents closer to flood prone areas have a significantly lower perception of risk than residents located in objectively lower risk areas. Additionally, individuals who had seen a dam in the past had less damning perception of hydropower than those who had not (H4).



Researchers using stated preference methods are concerned with the so-called hypothetical bias concerning elicited WTP and WTA from hypothetical questions [91]. One potential source is uncertainty about the scenario under valuations and about preferences for the good or service. In fact, Schkade and Payne ([92], p. 88) note that respondents in CV questionnaires seem to “construct their values at the time they are asked”. As a consequence, individuals who are more acquainted with, in this case, hydropower will base their responses on prior perceptions, and which can arguably be more accurate, while those not acquainted will form a value based on no prior reflection, which could explain the above results for H2 and H4.





4. Other Considerations


The focus of this paper is to present an overview of recent studies applying non-market valuation techniques to the impacts caused in particular by the activity of the hydropower plants. Absent from these studies are the impacts of the dams’ construction or of the decommissioning stages. As already mentioned, given the age of infrastructure in Europe and the US and the growing importance of hydropower in particular in developing countries [24] we highlight the importance of addressing these stages of hydropower development using these same techniques.



Furthermore, other methods are called for if the researcher is interested in a more encompassing view of the life of a hydropower project, rather than focusing on specific stages. In that case, a more thorough approach would be to develop a Life Cycle Assessment (LCA) of all the impacts caused throughout the dams’ lifespan. Briefly, the LCA results so far indicate that the environmental performance of project depends on the specific site and varies depending on the types, scales and locations of projects [93,94]. As for the scale, LCA studies show that larger systems normally perform in a more environmentally friendly manner than smaller ones in terms of per kilowatt hour, due to the fact that the former usually have a longer lifespan and greater output [95,96]. However, larger projects, present challenges in the decommissioning stage where seldom are large dams demolished [97]. Other LCA studies find that it is the construction phase that contributes mostly to the environmental impact to the whole life cycle of the hydropower plant [98]. Moving beyond LCA, the methodology of Life Cycle Costing (LCC) values the impacts identified in the LCA and makes an economic assessment of the environmental costs throughout the lifecycle of products or investments [99,100].




5. Discussion


Environmental economics has a growing and extensive literature on sound procedures to place economic values on non-market environmental goods and services. In this paper, we present a literature overview of some of the main studies published since the year 2000 proposing to assess the use and non-use environmental values impacted by dams’ operation. Through the application of different non-market economic valuation methodologies, such as the contingent valuation, choice experiments, the travel cost method and hedonic pricing, the authors of these studies infer a positive monetary amount to different environmental attributes affected by the operation of dams located in different places around the world. This means there is a non-negligible loss to society from the loss of these non-use values. It is also important to note that researchers increasingly use the stated preference methodologies as a result of the recognition of how important are environmental non-use values to an increasingly environmentally conscious society. We also stress the relevance of the psychological and social issues and, although generally not considered (in a total of twenty-eight studies, only three focus on these aspects), these should be treated as key issues in the debate on sustainable hydropower development.



Acknowledging the importance of non-use value in appraising hydropower projects, in this research, we take a step backward and explore perceptions of respondents. We argue that this is an important consideration when the valuation of non-use value is to be carried out. For this specific case study, we find that dams’ impacts are perceived differently by different groups of the population with more or less contact with hydropower plants, and more or less akin to users and non-users. Researchers and practitioners should thus be aware that the role of user/non-user will affect how individuals perceive the impacts, form their preferences and respond to stated preference questionnaires, and ultimately will have an impact on the elicited values. As this is a case study, the conclusions are not generalizable to other contexts and project-specific analyses necessary.



Therefore, the present paper highlights recent empirical evidence on use and non-use values of impacts associated with hydropower, which implies that failing to incorporate such values in the appraisal of dams’ construction and operation is unwarranted and may lead to misguided public decision-making, in the sense that it would be ignoring some of the value lost. It should, however, be noted that while non-market valuation methods can expand the types of costs and benefits included in hydropower projects appraisals, when more complex ecosystems services are considered, other types of analyses are required [101]. Furthermore, the interaction between economics and ecologic and social systems is hard to capture within the cost-benefit analysis framework given the presence of uncertainties and the possibility of irreversibilities in hydropower projects [102]. These issues should not be overlooked, but are, however, beyond the scope of this paper.



In a context where the importance of hydropower is expected to increase in the next decades and old infrastructures are being closed, it is all the more relevant to build upon the existing scarce empirical literature, dust off the economic toolkit and be ready to help policy makers consider non-market values alongside perceptions in their project appraisals and decisions towards hydropower.
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Figure 1. Total Economic Value. Adapted from Bateman ([61] p. 29), Pearce ([75] p. 87) and TEEB ([64] p. 14). 
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Figure 2. Economic Valuation Methods. Adapted from Garrod and Willis ([79] p. 6), Bateman et al. ([61] p. 30) and Pearce et al. ([59] p. 88). 
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Table 1. Economic Valuation of the Dams’ Impacts.
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Methods

	
Values

	
Study

	
Country

	
Attributes Affected






	
REVEALED PREFERENCE

	
TRAVEL COST

	
ONLY USE VALUES

	
Loomis (2002) [32]

	
USA

	
River recreation




	
McKean et al. (2005) [33]

	
USA

	
River recreation




	
Hynes & Hanley (2006) [34]

	
Ireland

	
Whitewater kayaking




	
Robbins & Lewis (2008) [35]

	
USA

	
Recreational fishing




	
Getzner (2014) [36]

	
Austria

	
River recreation




	
Borisova et al. (2017) [37]

	
USA

	
Recreational activities




	

	




	
HEDONIC PRICING

	
Lewis et al. (2008) [38]

	
USA

	
Aquatic ecosystems, fauna, flora, recreation activities, attractiveness of houses near the river




	
Provencher et al. (2008) [39]

	
USA

	
Property values affected from dam removal




	
Bohlen & Lewis (2009) [40]

	
USA

	
Rivers, fish, wildlife, local communities, residential properties values




	




	
STATED PREFERENCE

	
CHOICE EXPERIMENTS

	
BOTH USE AND NON-USE VALUES

	
Sundqvist (2002) [41]

	
Sweden

	
Water level, vegetation and fish




	
Bergmann et al. (2006) [42]

	
Scotland

	
Landscape, wildlife, air pollution and employment




	
Han et al. (2008) [43]

	
Korea

	
Fauna, flora, forest and historical remains




	
Kataria (2009) [44]

	
Sweden

	
Fish, birds, benthic invertebrates and vegetation




	
Vega & Alpízar (2011) [45]

	
Costa Rica

	
River water flow and scenic view




	
Klinglmair et al. (2015) [46]

	
Austria

	
Nature and landscape




	
Xu et al. (2015) [47]

	
China

	
Drinking water sources




	
Botelho et al. (2015) [48]

	
Portugal

	
Fauna and flora, heritage, noise and landscape




	
Tabi, & Wüstenhagen (2017) [5]

	
Switzerland

	
Social acceptance




	

	

	

	




	
CONTINGENT VALUATION

	
Michailidis (2006) [49]

	
Greece

	
Agriculture, irrigation, tourism, water quality, recreation, health, social and environment




	
Hakansson (2009) [50]

	
Sweden

	
Wild salmon




	
Ehrlich & Reimann (2010) [51]

	
Estonia

	
Natural river water flow




	
Alp & Yetis (2010) [52]

	
Turkey

	
Land




	
Gunawardena (2010) [53]

	
Sri Lanka

	
Historical monuments, landscape, recreational activities, river scenic view, carbon storage, forests and home garden productivity




	
Ponce et al. (2011) [54]

	
Chile

	
Landscape




	
Aravena et al. (2012) [55]

	
Chile

	
Landscape, fauna, flora, river sports, agriculture, tourism, fishing and displaced inhabitants




	
Jones et al. (2016) [6]

	
USA

	
Social issues




	
Botelho et al. (2016) [56]

	
Portugal

	
Social sustainability




	
Jones et al. (2017) [57]

	
USA

	
GHG emissions reduction




	
Jones et al. (2018) [58]

	
USA

	
Fauna and flora, pollution, GHG emissions, recreation, rural life, among others
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Table 2. Perceptions of local impacts of hydropower by subgroups (Kolmogorov–Smirnov test for equality of distribution and Wilcoxon–Mann–Whitney Rank Sum test).
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(a) Local residents vs. national residents




	
H1

	
Landscape

	
Fauna

	
Flora

	
Heritage

	
Noise






	
Combined KS test

	

	

	

	

	




	
D statistic

	
0.1348

	
0.1011

	
0.1532

	
0.1911

	
0.1426




	
p-value

	
0.931

	
0.996

	
0.85

	
0.619

	
0.9




	
WMW test

	

	

	

	

	




	
Z statistic

	
1.108

	
−0.024

	
0.452

	
−0.281

	
−0.751




	
p-value

	
0.2678

	
0.9811

	
0.6516

	
0.779

	
0.4524




	
(b) National residents in lower than median vs. higher than median installed capacity districts




	
H2

	
Landscape

	
Fauna

	
Flora

	
Heritage

	
Noise




	
Combined KS test

	

	

	

	

	




	
D statistic

	
0.1746

	
0.1944

	
0.1636

	
0.1939

	
0.1583




	
p-value

	
0.129

	
0.068*

	
0.179

	
0.069*

	
0.208




	
WMW test

	

	

	

	

	




	
Z statistic

	
−2.179 **

	
−2.282 **

	
−2.11 **

	
−1.964 **

	
−2.327 **




	
p-value

	
0.0293

	
0.0225

	
0.0348

	
0.0495

	
0.0199




	
(c) National residents who do not see vs. those who see a dam daily




	
H3

	
Landscape

	
Fauna

	
Flora

	
Heritage

	
Noise




	
Combined KS test

	

	

	

	

	




	
D statistic

	
0.3934

	
0.3878

	
0.3991

	
0.417

	
0.2866




	
p-value

	
0.06 *

	
0.066 *

	
0.054 *

	
0.038 **

	
0.3




	
WMW test

	

	

	

	

	




	
Z statistic

	
2.867 ***

	
2.3 **

	
2.339 **

	
2.736 ***

	
2.264 **




	
p-value

	
0.0041

	
0.0214

	
0.0193

	
0.0062

	
0.0235




	
(d) National residents who have not vs. have visited a dam




	
H4

	
Landscape

	
Fauna

	
Flora

	
Heritage

	
Noise




	
Combined KS test

	

	

	

	

	




	
D st