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Abstract

:

In this article, social-economic, legal and ecological perspectives on effectiveness of water quality governance and their interactions have been studied. Worldwide, authorities are facing the challenge of restoring and preserving aquatic ecosystems in accordance with the United Nations Sustainable Development Goals (SDG 6). Over the last few decades, governance approaches have often been used to realise these ambitions. To date, scholars have identified that it is difficult to relate governance approaches to water quality improvement and have offered several different explanations for this. Combined with a targeted conceptualisation of the perspectives and their interactions, the systematic literature review demonstrates the gap that exists in the current understanding of these interactions and what their effects are on water quality improvement, especially in regard to the identification of ecological issues and their boundary conditions for the legal framework and the development of measures and follow-up. The review also reveals that the scientific debate is focused on the planning rather than implementation phase. A step forward can be made by supplementing existing analytical frameworks by the interactions between the different perspectives, especially those related to problem definition and the development and realisation of measures.
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1. Introduction


The restoration and preservation of freshwater ecosystems is a worldwide multifaceted challenge, but, as well as the complexities of the water systems and the behaviour of natural life within those systems, there are also multiple societal and institutional drivers that add to this complexity (e.g., [1,2]). As water is such an important carrier of planetary life, the restoration and preservation of freshwater ecosystems is one of the UN Sustainable Development Goals (SDG 6, http://www.un.org/sustainabledevelopment/), which aim to protect and restore water-related ecosystems by 2020.



In Europe, the ecological ambitions for water were set out in the European Water Framework Directive (WFD, 2000/60/EC), which referred to water as ‘a heritage which must be protected, defended and treated as such’ (2000/60/EC, recital 1). Member States (MS) were told to achieve a ‘good ecological and chemical status’ for all their waters by 2015, focussing on specific elements like the integrated river basin approach, the role of stakeholders and the importance of balancing the costs and benefits of water services. These objectives are in line with SDG 6 although with a different timeframe. If the WFD objectives could not be met by 2015, the WFD sets out a strict set of conditions for exemptions running until 2027: technically unfeasible within the timescale, disproportionately expensive, or natural conditions do not allow timely improvement (2000/60/EC, Article 4, sub 4) [3]. Unbalanced costs and benefits of water services, however, would only be accepted as an exemption if the WFD objectives had already been met [4].



To date, it can be concluded that most MS are struggling to realise the ecological ambitions of the WFD (Article 4) [1,5,6,7,8,9,10] and thus SDG 6. The European Commission (EC) reports that ‘… in one third of the MS more than 50% of all natural surface water bodies have good or high ecological status and in 20% of the MS less than 20% of water bodies have a good ecological status…’ [9].



Scholars offer different explanations for this result. For instance, there is a lack of comparable data on both ecological status and the effect of measures at both the national and EU level, which hampers the formulation of effective measures [1]. Policy-makers demonstrate limited ambitions because of uncertainties about the implications [8,11] and MS interpret their legal obligations in different ways, which results in different levels of water quality [10]. These issues can be identified all over Europe and beyond [12,13,14]. Yet, where does that leave the policy-maker and the water manager who have to decide how to respond to the stagnating ecological ambitions?



Governance approaches, with the involvement of multiple actors at multiple levels, are often regarded to be more effective in dealing with complex water issues, compared to conventional legal frameworks with top-down central steering mechanisms [15,16,17]. In this context, governance is defined as a process of interaction between public and/or private actors ultimately aiming at the realisation of collective goals [18]. The challenges set by these multi-actor, multi-level governance approaches have been described extensively in literature (e.g., [12,13,19,20,21]).



Several authors have described the difficulty of identifying how governance conditions could result in better water quality in practice [7,22,23,24,25]. The variety of explanations for the difficulty of meeting the WFD objectives reflects that different scholars hold different perspectives to explain the system’s effectiveness. In general, input from ecological (ecosystem behaviour), legal (legal framework, instruments, competent authorities) and social-economic (stakeholder involvement, societal values, legitimacy) disciplines can be recognised in governance approaches (e.g., [26,27]). The interactions between ecology and society, have been studied in the field of social ecology by multiple scholars (e.g., [28,29,30,31,32]). In this interdisciplinary field of research various focal points can be identified, from biosphere stewardship and resilience [28,29], to societal, real-world, challenges in their context [30,31], to the impact of social-ecology on public health [32]. On the local scale, social-ecology studies seem to have been dominantly focused on the interaction with stakeholders on local knowledge on ecological issues and the role of other values and interests in the governance process. However, there seems to be limited knowledge about the similarities and differences in all three perspectives of these disciplines when it comes to the effectiveness of water quality governance. There also appears to be a gap in the understanding of how these perspectives interact. This could be an important reason for why water quality improvement has been hampered in many river basins worldwide.



In this paper, we aim to contribute to the understanding of the interactions between society (from the social-economic and legal perspective) and ecology with the aim to identify how these interactions contribute to water quality improvement. A systemic analysis of these different perspectives may offer insights that cannot be identified from one of these perspectives alone and the interactions may be important conditions for achieving water quality improvement. To this end, we have built a conceptualisation of the perspectives and their interactions, and tested it using data from a systematic literature review and examples from experiences with implementing the WFD in the Netherlands. The central question for this analysis is whether water quality governance is more effective in realising the ecological ambitions if ecological, legal and social-economic perspectives are aligned somehow in a systemic way in both the planning and the implementation process. We focus our analysis on the ecological objectives of Article 4 of the WFD. Ecological ambitions reflect both WFD objectives and SDG 6 objectives.




2. Approach and Methods


To address our central question, three consecutive steps are undertaken. First, the ecological, legal and social-economic perspectives on effectiveness are described using the ecological objectives of the WFD as a guiding principle. Secondly, these perspectives are conceptualised in an overarching framework to identify the interactions between them. Finally, a literature review is carried out to identify the knowledge on the different perspectives and their interactions and how they are related to current debates on water quality illustrated by examples from the WFD implementation in the Netherlands. The results are discussed and reflected upon using elements commonly regarded as practices of good water governance [27]. Does the conceptualisation of the interactions offer new insights that contribute to the understanding of how water quality improvement can be realised? What questions need to be addressed to operationalise the interactions identified in this framework?



The challenges to realising water quality improvement in river basins is not limited to the European continent but can be recognised worldwide. The range of the literature review, therefore, was wide, in order to gather studies of experiences from a variety of ecological, legal and social-economic circumstances. The review was carried out using the search engines Google Scholar, Scopus, Web of Science and Science Direct on the terms ‘water quality’ and ‘governance’. An earlier review of WFD Implementation made by Boeuf and Fritsch [33] was also used, as well as legal literature based upon EC publications, case law from the European Court of Justice (ECJ) and follow-ups of references in the articles studied. The abstracts of all these titles have been scan-read on their potential relevancy. Abstracts on water quantity aspects (including climate change), water supply and infrastructure, microbiology, sea water, sanitation and reuse or no water at all, were excluded. The resulting papers report in their abstracts on effectivity from an ecological, legal or social perspective, or a combination of these perspectives.



This resulted in a list of 122 articles (see Supplementary Materials), each of which uses one or more perspectives, implicitly or explicitly. Based upon the abstract, title and key words, an initial identification was made as to which of the perspectives were used in the article. If there was uncertainty regarding this observation, the full article was read and the qualification adjusted accordingly. Cross-checks in between the authors have been used to check on consistency of the assessment. Articles (and their full content) using two or more perspectives were used to describe the interactions and their contribution to water quality.



One of the restrictions of this approach is that grey literature is only included on a limited basis; another is that the search focused on English-language publications only. These limitations set constraints on the results, especially with regard to legal and ecological studies, as these are often nation-based, written in the national language and they are not found by search engines such as Scopus. Despite these limitations, the resulting list of papers does offer a wide overview of how scientific literature addresses the ecological, legal and social-economic perspectives on water quality governance and their interactions so far.




3. Three Perspectives on the Effectiveness of Water Quality Governance


In order to identify the interactions between the ecological, legal and social-economic perspectives, the characteristics of these perspectives on the effectiveness of water quality governance were described first. The ecological objectives of the WFD were used as guiding principles, but other water quality objectives could be also characterised in a similar way. Table 1 gives a summary of these characteristics.



3.1. Ecological Perspective


From an ecological perspective, water quality governance is effective if a good status of the ecosystem is realised and preserved. To achieve this, the conditions of the ecosystem have to be in such a state that indigenous species can thrive. The hydrology of the water system itself and multiple variables like nutrient run-off, emissions of toxic substances, hydromorphological modifications to the natural state of the waterbody and overfishing, all affect the status of an ecosystem. Addressing each of these variables has its own specific challenges [1,34].



The WFD aims to realise a ‘good ecological and chemical status’ for the different inland waters in Europe. After its introduction in 2000, ecologists at both national and regional levels elaborated these ambitions into biological and chemical objectives for specific types of waterbodies. The achievement of this ‘good ecological and chemical status’ depends upon many—often locally specific—variables within the ecosystem. MS have devised an assessment method for determining the ecological status of its waterbodies (also referred to as ‘characterisation’) and developed river basin management plans to follow up on this assessment (WFD, 2000/60/EC).



To serve agricultural, urban planning and water transport services, water systems have been modified at the expense of maintaining favourable conditions for freshwater biodiversity. The hydrology of the water system determines the extent to which chemicals can be diluted and thus affect water quality [35]. Nutrients, originating from both humans, industrial and agricultural sources, enter the environment via both point source and diffuse routes. Measures can be taken at river basin level or national level by issuing general rules for the use of manure or emissions of nitrate by waste water treatment plants. Measures can also be specific for a region, thus requiring specific knowledge on the hydrology of the water system and substance flow in order to trace the source of emission and to develop effective reduction measures e.g., on the planting schemes applied at specific locations in the basin. Man-made chemicals occur in the environment commonly which can contribute to the loss of freshwater biodiversity, but the causal link between biodiversity and specific chemicals or mixtures remains a challenge that can, as yet, only partly be explained (e.g., [36]). In addition, new chemicals come up very frequently [37], with often unknown risks, and thus require new perspectives on how to deal with them [2,38].



The variables of an ecosystem provide the options for a water authority to act upon. During the first planning cycle of the WFD, water authorities throughout Europe invested on a large scale in the development of hydromorphological measures, e.g., nature-friendly water banks [19,39,40,41]. Although their positive influence seems apparent, the effects of these measures on ecological objectives remain somewhat unclear. Moreover, even if all the variables in the freshwater ecosystem are moving toward more favourable conditions, it is not self-evident that this will result in a good ecological status, especially as the biological response to restoration measures in rivers is complex with many unknowns and changes could continue to occur for some time [1].




3.2. Legal Perspective


From a legal perspective, water quality governance is effective if the objectives of the legal framework are met. To realise this, the competent, often national, authority sets a normative framework to anchor the objectives and develops instruments such as planning, licensing, cost recovery [42] and reporting and enforcement, to enable authorities involved to meet the objectives and to provide legal protection for its citizens [43]. Within a transboundary river basin, multiple national authorities can be involved, creating another level of complexity towards the realisation of water quality objectives [3,10].



The WFD sets time-bound objectives for its waters and describes the planning, programming and reporting obligations that have to be met in the process towards the realisation of these objectives. The WFD also imposes obligations on MS regarding public participation, distinguishing three levels: inform, involve and engage (Article 14). EU environmental law aims to establish a framework of obligations for public authorities and rights for its citizens [44]. Given the wide range of local variations in water and ecosystems, the WFD leaves it to the discretion of MS to formulate specific environmental quality standards for the ecological status of its waterbodies in order to achieve the general objectives of the WFD. MS should transpose WFD objectives into legally binding normative values and ensure that proper decision-making regarding the directive is made by competent authorities and that the necessary means to facilitate this are provided. This includes an adaptive planning and programmatic approach, a diversity of voluntary and mandatory policy instruments, including cost recovery for water services. After examining comparative assessments of the WFD implementation in multiple MS, it is clear that there are substantial differences in implementation approaches [6,10,41] resulting in a serious risk for effectiveness in practice, especially if these differences occur in transboundary river basins. The river basin approach, introduced to address water quality issues effectively, forces MS to cooperate and share responsibilities in a river basin, while objectives of the WFD have to be met by MS individually [4,45,46].



The Aarhus Convention [47] obliges MS to guarantee three categories of rights to their citizens and their associations, namely, the right of access to information, the right to participate and the right of access to justice in regard to environmental matters. The right to justice includes both procedural (e.g., the access to, or participation in, planning processes) and substantive rights (protection of one’s health via EU environmental legislation) and is not limited to immediate threats [44]. All of these rights are of relevance if an individual or an NGO (non-governmental organisation) wishes to call upon a MS to take necessary action to realise WFD objectives. ECJ case law, to date, shows both questions related to access to justice as to the importance of EU law and especially the principle of effectiveness. National programmes should contain appropriate and coherent policies and measures capable of reducing emissions to the levels required by emissions ceilings (e.g., C-266/99, C-165 to 167/09, C-237/07). This level of scrutiny is required in all environmental compartments, according to the European Commission [44].



The realisation of WFD objectives should be regarded as an obligation of result (C-461/13) and, as such, the legal perspective towards effectiveness. However, if objectives cannot be met, the WFD offers some options to extend the deadline (Article 4, sub 4) or to develop less stringent objectives based on natural conditions, disproportionate costs, technical feasibility (Article 4, sub 5) and modifications to the water system based on other overriding public interests for each individual waterbody (Article 4, sub 7). WFD states that MS have to explicitly motivate and report these exemptions (Article 4, subs 4, 5, 7).




3.3. Social-Economic Perspective


From a social-economic perspective, water quality governance is effective if the societal decision-making on water quality improvement is effective, efficient and legitimate. Compliance with policy objectives may be achieved by incentives, regulation and enforcement or by voluntary measures based upon moral grounds [48]. Legitimacy in this context reflects the moral dimension of compliance [49]. Involvement of stakeholders at different levels of decision-making with different priorities and balancing different interests from other policy arenas like economic development can be regarded as the challenges facing effective water quality governance from a social-economic perspective.



The WFD aims to inform, involve and engage stakeholders and the public in order to realise its objectives (2000/60/EC, Article 14). This is said to provide for a better-informed general public, a legitimate programme of measures, more efficient implementation plans and fewer conflicts among stakeholders [50,51]. The wording chosen by the European Parliament and the Council of the European Union leaves MS room for interpretation. The experiences so far have been described in multiple publications and show that MS have chosen different approaches which has led to a ‘mixed bag’ of results. Kastens and Newig [52], for instance, noted that stakeholder processes created a shared commitment to possible solutions which they illustrated in a German case study. The issues identified in this study: who to involve, the added value of increased trust, the appropriate scale at which to address issues and the difficulty of identifying a common interest have been raised by other authors in regard to other countries and regions too [19,21,22,53,54,55,56]. Several authors report that stakeholder involvement can result in more efficient programmes of measures [21,54], but not in all cases [57]. As the OECD (Organisation for Economic Co-operation and Development) (2014) explains, a party has to have a specific interest at stake if it is to become engaged.



Several authors [12,54,58] take a critical stance towards the normative view of stakeholder participation being an ‘all good thing’. They identify that the literature so far has been dominated by normative values on stakeholder participation and less on underlying mechanisms and specific circumstances, although there are some examples described [22,52,59,60]. Others [8,11,22,60,61,62,63] describe how political dynamics, different rationalities and framing can all limit the scope for participation. Hüesker and Moss [23] found that not all actors in a river basin management approach are positioned to act on different scales, due to e.g., limitations in human or financial resources, not all actions are open to some actors, while other actors make use of the window of opportunities set by this rescaling. This ‘problem of fit’ can be recognised in other river basins as well [64,65].



The effectiveness of stakeholder involvement is often valued in terms of process effectiveness (output) rather than the resulting effect on the ecosystem that is under discussion (outcome) [66], because of the difficulties of linking stakeholder processes to outcomes [7,53,54,59]. One of these difficulties is the time-lag of the ecosystem’s response to interventions by stakeholders. As a consequence, it may take many years before the ecological effects of a stakeholder process can be evaluated.





4. Conceptualisation of the Interactions between Perspectives


The description of the ecological, legal and social-economic perspectives shows that, although shared elements can be found, e.g., the ecological and legal perspective on effectiveness, differences and interactions in the characteristics and means of the three perspectives are apparent as well (see Table 1). Proper functioning of these interactions could be an important condition in realising effective water quality governance from all three perspectives.



To answer the central question in this study, we have systematically analysed the interactions that potentially exist between these three perspectives and how they could work in the cyclic approach of the WFD. This resulted in an initial conceptual framework of interacting perspectives. Figure 1 visualises the interactions between the different perspectives. Taking the ecology of the water system as the starting point for identifying water quality issues, that would ideally set boundary conditions for the legal framework (#1 in Figure 1) [24] and thus flag the need to identify explicit ecological and chemical objectives and issues that can be valued and discussed in a wider arena. At the same time, other social-economic developments impose demands on the normative framework to be anchored in the legal framework and where the legal framework should offer room for specific standards, measures or circumstances or not (#2 in Figure 1) [43,67,68,69]. Edelenbos et al. [70] describe the characteristics of the co-production of knowledge between civil servants, experts and stakeholders which must be in place if any impact on the decision-making process is to be had. A planning process that has not opened itself up to the involvement of stakeholders at an early stage could easily culminate in ‘fact fighting’ by knowledge coalitions [71] and thus hamper measures to improve water quality.



The legal perspective as such interacts between ecological objectives and legitimate decision-making. The water quality issues that are not addressed in the legal framework have to be implicitly addressed in the social-economic context, balanced with other values and other interests (#4 in Figure 1). The legal framework guarantees that stakeholder participation, access to information and access to justice are available and requires explicit motivation in the decision-making process in regard to how the interests of stakeholders have been taken into account (#3 in Figure 1) [44]. The social-economic context and the legal framework together provide conditions for developing measures and realising water quality objectives (#5, #6 in Figure 1).




5. Results of Literature Review: Exploring Perspectives’ Interactions


We explored the interactions in the conceptual framework using results from the literature review. Table 2 summarizes the results. Sixty-four of the 122 papers studied use two or more perspectives to discuss effectiveness and thus, possibly, discuss the interactions between these perspectives.



5.1. Legal and Ecological Interactions

[image: Sustainability 10 00914 i001]

Six papers in the review describe both legal and ecological perspectives on the effectiveness of water quality governance. Legal and ecological perspectives meet in identifying ecological issues, setting the boundary conditions for the legal framework (interaction #1) and measures taken based upon that legal base (interaction #5). Gani and Scrimgeour [72] and Tan [73] conclude that the ‘rule of law’ and ‘regulatory quality’ are negatively and significantly correlated to water pollution based upon comparative studies of national scale indicators in over 100 countries. No specific references are made regarding the conditions for this interaction to function in these studies. Chiang et al. [74] describe the requirements for effect-based monitoring to ensure sustainable management of the river ecosystem. This is an important condition for the interactions between the legal and the ecological perspectives in order to identify issues, sources of pollution, monitor the effects of measures and to make adaptions based upon these results.



The EC reported that most MS have deficiencies regarding monitoring [75] and methods for assessing and classifying the status of water bodies [9]. To what extent the legal anchoring of objectives has taken place varies between MS [10]. Baaner [6] concludes that the mode of implementation could affect effectiveness, based upon an assessment of WFD implementation in the Scandinavian countries. Similar experiences have been described for Canada [76] and Chile [74] and eleven European countries (Netherlands, Luxembourg, Belgium, France, Germany, United Kingdom, Denmark, Romania, Italy, Spain and Portugal) [10].



A comparable example can be found in the Netherlands regarding the objectives for nutrients in heavily modified local/regional water bodies [77]. Ecological objectives and related physical-chemical objectives are set at a regional scale in river basin management plans to accommodate regional circumstances. These values tend to be much lower (up to 4 times lower) than the nitrate objectives set by the European Nitrate Directive (91/676/EEC), that are based upon the usage of water resources for drinking water supply and the prevention of eutrophication (Annex I). The Nitrate Directive has been implemented in the Netherlands in a complex framework of national law and policy rules [78]. Although significant progress has been made since its implementation, realisation of the objectives of the Nitrate Directive has turned out to be very difficult, mainly due to the intensity of the Dutch agricultural practices [79]. The much more stringent regional nutrient objectives are not related to these national rules and, as a consequence, these objectives have to be realised by specific regional policies and voluntary-based measures [80].




5.2. Social-Economic and Ecological Interactions

[image: Sustainability 10 00914 i002]

Thirty-three papers in the review describe both social-economic and ecological perspectives on the effectiveness of water quality governance. Social-economic and ecological perspectives meet for those issues that are not, or cannot, be addressed by the legal framework (interaction #4). This can be the case for new issues of unknown sources of pollution, with a high degree of uncertainty, or for issues with different interests at stake. This results in a status quo in the political debate and, because of this, limited formal ambitions, leaving much of the water quality objectives to be realised by voluntary-based measures (interaction #6). This knowledge domain is also referred to as ‘social-ecology’.



As the understanding of ecosystems is often limited, assessment and management are thought to be best addressed by a process of collaborative learning, in order to collect insights into a system’s behaviour and to adapt management interventions to this increased level of understanding. This ‘adaptive’ governance has been described in many publications (e.g., [7,28,81,82]) and is the foundation of the WFD planning process. To date, reports on adaptive governance have focused on the effectiveness of the working process and the link to water quality improvement seems to be lacking. A recent survey of all regional water authorities [83] in the Netherlands, for instance, demonstrated that, on a regional scale, the existing WFD-based monitoring networks are inadequate for identifying specific sources of pollution. In order to discuss effective measures with other actors, this type of information is indispensable and thus an important condition for the interactions between the ecological and social-economic perspectives to function.



Conditions described as important for the working process are: a strong incentive (shared sense of urgency) and lead actor, a balanced trade-off between different values and interests, sufficient financial means and the participation of relevant stakeholders [22,53,84] (e.g., Germany, France, United Kingdom, USA). The use of legally based interventions may be perceived as a drawback in the stakeholder process in some situations, forcing this process into a specific direction [84]. However, this could also be the design of the legislative framework [85]. Other scholars explain the importance of having a balanced representation of stakeholders with different interests at the table, at different stages of the governance process [19,23] (Germany, United Kingdom). Lah et al. [86], in this regard, describe a case study in South Korea, which did not have ecological and social-economic perspectives aligned in the planning phase, causing poor results to be obtained in the implementation phase.




5.3. Social-Economic and Legal Interactions

[image: Sustainability 10 00914 i003]

Seventeen papers in the review describe both social-economic and legal perspectives on the effectiveness of water quality governance. Social-economic and legal perspectives meet in the ‘mandated participatory planning’ stage [66] as set by the WFD (interaction #3) and issues in the context of water governance which influence the ambitions being anchored in the legal framework (interaction #2). The interaction between social-economic and legal perspectives facilitates incorporation of the concepts of equity, legitimacy and access to justice in the water quality governance process. Its effectiveness is often valued in terms of process effectiveness and information flow [23,54,66] rather than water quality improvement.



The development of the European directives shows that increased focus is being put on this interaction because of the awareness that water quality issues cannot be addressed by legislation alone and need to be fed by local knowledge about specific circumstances and the participation of other stakeholders. Different studies have described this shift [15,16,43,87], which can be seen beyond Europe as well [13,88] (Australia, USA). Several authors cite the importance of taking into account the wider context of other policy arenas (e.g., economic interests) when addressing water quality issues in order to create a common interest for stakeholders to base their participation on and to take action [26,56,89] (Europe, USA). For this reason, Woodhouse and Muller [12] call for a ‘problem-shed’ rather than a ‘water-shed’ design of water governance processes. Such approaches seem to be better suited to balance water issues with other interests.



The importance of including other values and interests in the water quality governance process has been described in other publications as well [59,90,91] (United Kingdom, Belgium, Australia). On a local scale, some successful experiences are described with this wider context approach [45,92] (Netherlands, Belgium, USA), but the involvement of different institutional levels and scales within a river basin seems to hamper this process [93,94,95] (Australia, USA, China), which underlines the importance of having connective capacity between institutional levels and authorities in different regions within river basins [64] (The Netherlands). In all the papers on legal and social-economic perspectives studied, the resulting effects on water quality improvement remain unclear, although the implications of other interests and their influence on the design of the legal framework could be considerable as they have the potential to block problem-solving activities.



Behagel and Turnhout [61], for example, describe the dominant role of other interests within the debate on the mode of the implementation of the WFD in the Netherlands. An exploration of the possible future consequences of WFD implementation for the agricultural sector [96] informed a strong political debate on the level of ambition to be pursued and resulted in the Dutch political choice that the WFD implementation should not lead to additional costs for the agricultural sector (Parliamentary Papers 2002, 27,625 Water Policy, Amendment Van der Vlies No. 92) despite the explicit obligation in the WFD to recover the costs for water services also from the agricultural sector [42]. This resulted in a mode of implementation of the WFD in which the existing general rules on the use of manure and pesticides, based upon the Nitrate Directive, are insufficient for meeting ecological objectives in regional water bodies [80,97].




5.4. Ecological, Legal and Social-Economic Interactions

[image: Sustainability 10 00914 i004]

Eight papers use all three perspectives (in some form) to discuss effectiveness and some of the interactions between the perspectives; however, not all perspectives are used in a systemic way. The topics described in the papers can be roughly divided into two groups. Water quality challenges are described on an aggregated level for countries or continents (Germany, Ukraine, China, United States, Australia) [84,98,99,100,101,102], but more conceptual aspects of the governance of complex water quality issues can also be found [81,84,103,104] (USA, Hungary, Europe). The empirical studies focus mostly on the high-level characterisation of the water quality issues (e.g., China [99]), in some cases followed by an identification of the driving forces of pollution [98] (Ukraine), but with few links to the legal anchoring (interaction #1) and little information on measures and their effects on water quality improvement (interactions #5 and #6). Several authors report that effectiveness increases if indirect effects are taken into account, e.g., equity aspects like income loss caused by agricultural measures taken to reduce nutrients emissions [84,105] (USA, Australia) (interactions #2 and #4). The lack of a coherent legal and institutional framework is frequently mentioned as a factor limiting the realisation of this ambition (e.g., [100,101,102] (USA, Australia, Germany) (interactions #1 and #4). Venues for action are described on a generic level (not related to specific circumstances in a water system) and their (expected) effects in terms of water quality improvement are not described or are only described in a generic way [84,100] (USA) (interactions #5 and #6). It is difficult, therefore, based on these studies, to distinguish the effects of these interventions from the social-economic context and legal framework on water quality improvement.



Moreover, the complexity of the ecological response to measures could blur results even if most legal requirements are met. A typical example of this is the status assessment for water bodies, as it is based on the ‘one out, all out’ principle: this assessment leaves out early recovery of the ecosystem and as such does not necessarily reflect the actual ecological quality. As a consequence, this could result in an over- or underestimation of the actual ecological state of the water body [57] (Italy).





6. Discussion


In this study, we have analysed the ecological, legal and social-economic perspectives on the effectiveness of water quality governance and examined how these perspectives interact in order to realise water quality improvement. Although shared elements can be found, differences and interactions in the characteristics and means of the three perspectives are apparent as well (see Table 1). Based upon the results of the literature review, we explored whether this approach offers any insights that complement existing analytical frameworks on water quality governance and that would enable policy-makers and water managers to identify relevant interventions in order to move forward in the restoration and preservation of freshwater ecosystems. We have focussed our analysis on the ecological objectives of the WFD (Article 4). This implies however that issues related to environmental equity are not yet analysed explicitly. Since these issues could play an important role in the process of implementation, it would be very relevant to carry out further research on how environmental equity relates to the realisation of water quality objectives.



6.1. Results from the Conceptualisation and Literature Review


Table 3 summarizes the results from our conceptualisation and literature review. The table shows that, for all interactions, one or more conditions are described in the literature studied. The review holds case studies from all continents (see Supplementary Materials). As the scope of the review has its limitations (exclusion of grey literature and non-English papers), it cannot be concluded that all known conditions have been identified, but the results do give an indication of the gaps in literature to date. What is most prominent in Table 3 is that, for all the conditions described, the indication of how the interaction may contribute to water quality improvement is weak or missing in literature so far. However, for the purpose of water quality improvement, it is important to know what the sources of pollution are, what interventions in the water system could lead to water quality improvement and, therefore, who the relevant actors are (authorities and private actors) who should be involved in order to make this happen. In addition, knowledge of the different values and interests of the actors and their possible effects on water quality improvement or deterioration could support the debate on shared ambitions and help to set realistic goals for water quality improvement in time.




6.2. Conceptualisation Compared to an Existing Framework for Good Water Governance


To answer the question as to whether this approach offers any new insights, we have compared the conceptualisation to an existing analytical framework for good water governance [27], paying explicit attention to implementation as well. The results of this comparison are shown in Figure 2. In this figure, the conceptualisation of Figure 1 has been complemented with the elements of sustainable water governance from an existing analytical framework [27]. Some of these elements can be specifically attributed to the social-economic, legal or ecological system, and others to some of the interactions, but not all interactions are fully covered by the elements of sustainable water governance. The elements of sustainable water governance also seem to focus on the planning phase rather than the implementation phase, e.g., the development, design, realisation, monitoring and enforcement of measures and their foundation (legally based or voluntary-based), although the identification of ecological issues and setting boundary conditions for the legal framework does not seem to have an explicit role yet either.



These observations could explain why several studies describe practices of good governance, while the effect on water quality remains unclear [73,104,105]. Further analysis of the interactions related to problem definition (#1 in Figure 2) and measures (#5 and #6 in Figure 2) therefore seems to be an interesting aspect to pursue if our understanding of the conditions producing effective water quality governance is to improve. Empirical research into these interactions on the scale of water bodies with a history of water quality governance, in both planning and implementation, could offer valuable information on this. The literature to date is less explicit on the conditions for these interactions. Interventions are often described in general terms, which omits any potential effect on a local water body (e.g., [100]). The fact that ecological effectiveness can only be valued on the scale of a waterbody if we are to understand the mechanisms and to adapt them, sets a challenge to interactions with the legal framework and the social-economic context that operate on other scales as well. Both the legal framework and the social-economic context apply on multiple levels, from local to national to international, and interact at these levels with other contextual factors that could influence water quality.



Because of this multidimensional nature of water quality governance there can be no ‘one-size-fits-all’ solution [28,106] but a systematic analysis of interactions can identify the gaps that need to be filled for a governance approach to be coherent and effective for water quality improvement for a specific water system under specific circumstances. Instead of introducing a new analytical framework and adding it to the wide range of existing analytical frameworks for good governance, we recommend taking these frameworks to the next level by connecting the individual elements to the contribution they each make to water quality improvement, in a preferably (semi) quantitative way and extending the frameworks with the interactions between the different perspectives, especially those related to problem definition and the development and realisation of measures.





7. Conclusions and Recommendations


Worldwide, countries face the multifaceted challenge of restoring and preserving aquatic ecosystems in accordance with one of the UN Sustainable Development Goals (SDG 6). Over the last few decades, governance approaches have often been used to realise these ambitions. So far, scholars have identified that it is difficult to relate governance approaches to water quality improvement and have offered several different explanations for this. As ecological, legal and social-economic scholars may hold different perspectives regarding the effectiveness of a governance approach, we have analysed these perspectives, how they interact and how these interactions affect water quality governance. To this end we built a conceptual framework to explain these interactions and carried out a systematic literature review to identify the current level of understanding of these interactions and identify any possible gaps.



Ecological, legal and social-economic perspectives on the effectiveness of water quality governance have both similarities and differences. Potentially conflicting characteristics are: the difficulty of setting objectives (many unknowns) and adequate measures from the ecological perspective, the limited adaptive capacity of the legal framework once set in place and the focus on decision-making processes rather than water quality improvement from the social-economic perspective.



All three perspectives are relevant to the governance approach to water quality improvement and have to interact. The examples described show that the absence of interaction can result in the hampering of water quality improvement. The literature review demonstrates that there is currently a gap in the understanding of these interactions and their effects on water quality improvement, especially in regard to the identification of ecological issues and their boundary conditions for the legal framework as well as the identification and follow-up on measures or interventions. The review also revealed that there is a focus in the scientific debate on the planning rather than the implementation phase. As such, the analysis of social-economic, legal and ecological perspectives and their interactions does offer new and additional insights into the conditions required for effective water quality governance.



The conceptualisation employed in this study does not, explicitly, cover all the elements of good water governance, so one of the steps forward could be made by incorporating the interactions into existing analytical frameworks, especially related to problem definition and the development and realisation of measures. Additional improvement can be made by analysing the contribution of the individual elements of water governance to water quality improvement, in a preferably (semi) quantitative way, for instance to answer the question on what the influence of other policy arenas (e.g., agriculture) on water quality might be or the question who to involve, who not and at what moment in time. This would enable policy-makers and water managers to identify relevant interventions and move forward in the restoration and preservation of freshwater ecosystems.



As the non-alignment of social-economic, legal and ecological perspectives on the effectiveness of water quality governance could well be an explanation for the hampering of water quality improvement experienced in the EU WFD implementation so far [9], it would be valuable to study these perspectives and their interactions in different case study settings. Empirical research into these interactions on the scale of water bodies with a history of water quality governance, in both planning and implementation, could offer valuable information.
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Figure 1. Governance facilitating interactions between the water system, legal framework and social-economic context to increase effectiveness of water quality governance and ecological objectives. 
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Figure 2. How do elements of an existing analytical framework for water governance [27] relate to the conceptualisation of the interactions between the water system, legal framework and social-economic context (this study)? 
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Table 1. Characteristics of the ecological, legal and social-economic perspectives on the effectiveness of water quality governance.
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Perspectives




	
Ecological

	
Legal

	
Social-Economic






	
Characteristics

	

	
Meeting conditions of nutrients, toxic substances, morphology, water flows and resulting in a balanced ecosystem of indigenous species






	

	
Normative framework for objectives



	
Instruments to realise objectives



	
Right to justice for citizens



	
Cyclic and adaptive planning and programmatic approach



	
Involvement of stakeholders






	

	
Input from other policy arenas (societal interests), political ambitions



	
Involvement of stakeholders



	
Process focus









	
EU WFD objectives

	

	
Good ecological and chemical status






	

	
Transposition into national law and implementation



	
Realise WFD objectives (ecology, chemistry, stakeholder involvement, polluter pays)






	

	
Inform, involve, engage stakeholders and the public









	
Means

	

	
System assessment



	
Morphological measures



	
Hydrological measures



	
Reduce emissions of nutrients and chemicals






	

	
Standards and rules



	
Cyclic and adaptive planning and programmes, diversity of mandatory and voluntary policy instruments, cost recovery for water services, enforcement



	
Involvement of stakeholders



	
Legal protection for citizen’s environmental interests






	

	
Inform and involve stakeholders



	
Identify common interests



	
Create common understanding via learning processes and deliberations









	
Difficulties for other perspectives

	

	
Measures may not lead directly to the proposed objective (many unknowns)



	
Many actors are necessary to realise measures






	

	
Adaptive capacity of legal framework is limited






	

	
Depending upon political ambitions (other interests)



	
Decision-making: acceptability versus effectiveness









	
Effectiveness

	

	
Realise an ecosystem in good status in which natural species can thrive






	

	
Realise objectives of the legal framework






	

	
Effective, efficient, legitimate decision-making
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Table 2. No. of papers with one or more perspectives on effectiveness of water quality governance (review time-frame January 2000–September 2017).
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	Perspective
	No. of Papers





	Ecological
	4



	Legal
	11



	Social-economic
	43



	Ecological and legal
	6



	Ecological and socio-economic
	33



	Legal and social-economic
	17



	Ecological, legal and social-economic
	8



	Total no. of papers
	122
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Table 3. Summary of interactions and current understanding on the conditions for these interactions from literature.
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Conceptualisation of Interactions

	
Results from Literature Review on Interactions




	
#

	
Interaction

	
Between

	
Conditions

	
Contribution to Water Quality Improvement






	
1

	
Ecological issues and boundary conditions for legal framework

	
Ecological-Legal

	

	
Coherent legal and institutional framework



	
Take indirect sources of pollution into account






	
Not identified




	
2

	
Legally based participation processes

	
Social-economic-Legal

	

	
Balanced representation of stakeholders






	
Not identified




	
3

	
Values and interests from society

	
Social-economic-Legal

	

	
Create a common interest for stakeholders to participate and take action



	
Use wider context (e.g., economic interests) to create engagement



	
Legitimate decision-making






	
Increased effectiveness identified, yet not specified




	
4

	
Issues not addressed by the legal framework

	
Ecological-social-economic

	

	
Strong incentive



	
Lead actor



	
Participation of stakeholders



	
A balanced trade-off with other interests



	
Adaptive capacity of the governance framework






	
Increased effectiveness identified, yet not specified




	
5

	
Legally based measures

	
Ecological-Legal

	

	
Presence of a legal framework, mode of implementation



	
Effect-based monitoring






	
Increased effectiveness identified, yet not specified




	
6

	
Voluntary-based measures

	
Ecological-social-economic

	

	
A balanced trade-off with other interests



	
Sufficient financial means



	
Effect-based monitoring



	
Adaptive capacity of the governance framework






	
Increased effectiveness identified, yet not specified
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