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Abstract:



Studies on groundwater governance status at EU national and river basin district levels are rare, hindering lessons learned at each administrative scale to be shared. Groundwater is a common-pool resource of strategic significance in the Azores archipelago (Portugal), thus calling for sustainable development. Groundwater governance emerged in the last decades as a path to sustainable resources management, and the present paper characterizes the current status of governance in the Azores, where management is pursued according to a vertically-integrated system. A survey made among 43 specialists showed that despite the instrumental role of groundwater for water supply there is a need to increase awareness on groundwater valuing and protection. The application of benchmark criteria to evaluate the groundwater governance state-of-art shows that technical capacities are diminishing governance effectiveness due to the lack of quantitative data, and further enforcing of the groundwater legal framework to the specificities of the Azores is needed. The empowerment of the government agency being responsible for the groundwater management is also envisaged. The failure to account for the economic dimension of the groundwater governance, the insufficient development of cross-sectorial approaches, and the unsuccessful public participation are other weaknesses on the groundwater governance in the Azores.
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1. Introduction


Groundwater is a common-pool resource of global significance, therefore vulnerable to unconstrained exploration by individuals without consideration of broader community interests [1,2,3]. Groundwater development can lead to several environmental and socioeconomic impacts, such as unsustainable abstraction, social inequity with regards to access to water, land subsidence, saline intrusion and other quality problems, degradation of water-dependent ecosystems, or surface-dependent water bodies or diminishing of drought resilience [4,5]. Due to global unsustainable development, groundwater depletion has been characterized in major regions worldwide, from Africa to Asia, America or Australia [6], or in regional studies [7,8], stressing the need of a conservative approach [9].



The opportunity and advantages of the sustainable development of groundwater resources has been illustrated in several case studies [10,11,12,13,14], often pushed by policy developments [15,16,17]. Nevertheless, management gaps are often observed, leading to the need of taking into account the effectiveness of measures taken [18], and besides the lack of knowledge, ineffectiveness drivers are explained by inadequate government structure [1,19]. Thus, groundwater governance emerged in the last decades as a path to sustainable resource management through the consideration of diverse interests, from both public and private sectors, as well as from citizens. The relationship between stakeholders is mediated in the context of a pool of laws and regulations, through the intermediation of mechanisms, processes, and institutions [1,20,21]. A comprehensive study developed by a set of international institutions proposed a definition of groundwater governance as a process that promotes responsible collective actions taken in order to ensure control, protection, and sustainable use of groundwater resources and aquifer systems, thus enhancing benefits for both humankind and ecosystems [22].



Groundwater governance comprises both the framework and the principles to achieve a collective and sustainable groundwater management, observing equity as well as efficiency as targets, based on four main domains: actors, legal, regulatory, and institutional setting, policies and planning, and information and knowledge [23]. The main principles of groundwater governance as listed by [22] are: integrated water resource management, comprising both quantitative and quality aspects, the need for co-governance with activities that impact the subsoil, vertical integration, from the national level to the local one, and the coordination with other economic activities. Despite few publications addressing groundwater governance in a specific country or region [24], several studies present groundwater governance state-of-art in worldwide locations, showing the significance of the concept [3,25,26,27,28]. Even the broader study made in the framework of the so-called Groundwater Governance—A Global Framework for Action does not allow access to country-scale data) [24].



The concept of groundwater governance as defined above follows the broader governance definition proposed by [29], as the exercise of political authority and institutions in order to manage societal affairs, and differs from the operational character of management actions. Regarding groundwater management, four main families of tools can be considered [24]: technical instruments, managerial actions, and planning and regulatory and economic instruments.



The relevance of groundwater governance is even higher in regions such as the Azores archipelago, where groundwater explains about 98% of the overall water supply [30,31,32] and, thus, should be a key issue of the environmental policy (Figure 1). Water supply is run directly by 15 of 19 municipalities, encompassing about 47.3% of the Azores inhabitants, and in the remaining municipal companies (2; 10.8%) or semi-autonomous utilities are responsible (2; 41.9%) [32], thus, the relationship between groundwater science, instrumental toward sustainable development, and the water supply operations is another factor that should accounted for [33].


Figure 1. Location of the Azores archipelago in the North Atlantic Ocean.
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Following the adaptation of the EU Water Framework Directive (WFD) to the national law, through the so-called Water Law (WL; Law 58/2005), the Azores archipelago was designated as the ninth River Basin District (RBD; so-called RH 9) in Portugal. The subsidiary EU Groundwater Directive was also adapted in the national law (Decree-Law 208/2008), and in 2012 the Azores Government defined the threshold values for the evaluation of the chemical status of groundwater bodies in the Azores River Basin District according to the EU Groundwater Directive (Regional Ordinance 106/2012).



Starting from a state-of-art about groundwater occurrence in the Azores, the objectives of this paper are to (1) discuss the current status of groundwater management in the Azores, which is driven by the WFD and GD EU directives, and (2) make a diagnosis of the groundwater governance status in the archipelago. The lack of comprehensive analysis of groundwater governance advancement in EU member states and at river basin districts, such as the Azores archipelago, is also a tool to enhance the adoption of best practices though a comparison of lessons learned along the process.




2. Geological and Hydrological Setting


2.1. The Azores River Basin District


The Azores archipelago is located in the North Atlantic Ocean, between latitude 36°55′ N to 39°43′ N and longitude 25°00′ W to 31°16′ W. Made by nine volcanic islands, the Azores had a total area of 2322 km2 and about 245,283 inhabitants in 2016 [34]. GDP in the Azores is about 2.1% of the Portuguese GDP, and the economic activity is dominated by tertiary sector activities, with an increasing tourism pressure. However, livestock is the main primary sector activity and, as a whole, agriculture, livestock production, hunting, forestry and fishing have a GVA of 9.8%, which is four times higher than the country value. Land use is dominated by agriculture, mainly pasture land, with about 56% of the land area, as well as forest (22%) and natural vegetation (13%) [35], and a total of 1.71 livestock units/ha of the utilized agricultural area (129,793 ha) were registered in the archipelago in 2016 [34].



The Azores RBD has a total of 10,045 km2, of which 76.6% are coastal waters (7693 km2) and 23.4% is inland area. In the Azores RBD a total of 63 surface water bodies (10 rivers; 23 lakes; three transitional; 27 coastal) and 54 groundwater bodies are delimited [31]. Along the second cycle of the Azores RBD management plan, the status of surface water bodies was classified as 41.3% in high status, 28.6% in good status, 19% in moderate status, and 11.1% in poor status [31]. The status of the groundwater bodies will be further addressed in the current paper.




2.2. Geology Outline


The islands are spread along a complex geodynamic setting, near the triple junction between American, African, and Eurasian lithospheric plates, this context being reflected by intense seismic and volcanic activities [36]. Since the settlement in the late 14th century, a total of 28 eruptions took place in the archipelago area, both inland (15) or offshore (13), the latter of which corresponded to a submarine eruption that took place in 1998–2000 near Terceira island [37,38].



All the islands and the few islets that made the archipelago are of volcanic nature, being the oldest island from the late Miocene, with subaerial lava flows dated from 8.12 Ma [39]. Resulting from the dominant volcanic activity type, that ranges from effusive to highly-explosive eruptions, the several islands present diverse geological features: islands such as Santa Maria, Pico, and São Jorge are mainly made from basaltic rocks, associated to the predominance of Hawaiian and Strombolian-type eruptions [36,40,41,42]; in other islands, such as São Miguel, Terceira, Faial and Graciosa, and Flores and Corvo, more evolved rocks and volcanic form are also observed, as trachytic domes, pumice fall deposits, ignimbrites, and other pyroclastic flow deposits, mainly associated to eruptions more explosive in character [36,43,44,45,46,47,48,49,50]. In the latter islands, some central volcanoes with large summit calderas are also to be observed.




2.3. Water Resources Setting


Mean annual precipitation in the Azores equals 1930 mm/a, therefore, largely exceeding the mean annual actual evapotranspiration (581 mm/a) [51]. Nevertheless, mean annual precipitation is highly variable in the archipelago, in the range from 966 mm/a (Graciosa island) to 2647 mm/a (Flores island), while mean annual evapotranspiration ranges between 561 mm/a to 625 mm/a /Flores island).



Surface runoff is usually of a torrential nature, in the range between 1.30 × 107 m3/a (Corvo island) to 2.77 × 108 m3/a (Pico island). Permanent rivers only occur on the islands of Santa Maria, São Miguel, Faial, and Flores. Some of the rivers have water quality problems due to agricultural pollution, as well as insufficient coverage of sewage drainage and treatment systems in some urban areas [52].



A total of 88 lake water bodies are spread in the archipelago, with the exception of Santa Maria, São Jorge, and Faial islands [51]. These lakes present a total water storage of about 1.1 × 108 m3 [31,51], and are often suffering from eutrophication processes [53,54]. Some lakes also show a geochemical signature of volcanic origin [55].





3. Groundwater Occurrence and Status in the Azores


3.1. Groundwater Bodies Delineation and Resources


Nowadays, a total of 54 groundwater bodies are delimited in the Azores RBD, according to a scheme adopted since the initial characterization of the river basin made in order to comply with the WFD [56], which also have followed with the methodology proposed by the Directive Common Implementation Strategy (Figure 2) [57]. This delineation corresponded to the identification of aquifer systems made during the preparation of the Regional Water Plan [51], and followed a set of criteria, such as the geology, namely the lithological characteristics, stratigraphy and tectonic features, and the hydrogeological setting, as well as water management factors. Currently, the water administration is developing a set of studies in order to evaluate the need to deliver a new groundwater bodies’ delineation to come to force for the next 2021–2027 RBD planning cycle using also the criteria proposed by [57].


Figure 2. Groundwater bodies’ delineation in the Azores RBD.
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These groundwater bodies may encompass two main types of aquifers, namely perched-water bodies, usually in altitude and being discharged by numerous springs spread in the flanks of the volcanic edifices, and basal aquifers [58]. The latter occur mainly in the coastal zone, usually presenting a very low hydraulic gradient due to the highly-permeable volcanic rocks.



The classification of groundwater bodies was achieved according the successive application of several tests for both the chemical and quantitative status (general groundwater quality; saline or other intrusion; surface water; groundwater dependent terrestrial ecosystems; drinking water protected areas; water balance), the either good or poor status being the final disposition equal to the worst result obtained along the process. A total of 51 from 54 groundwater bodies (94.4%) are in good status, being that the failures comply with the WFD criteria due to coastal aquifer salinization, namely in Graciosa and Pico islands where the poor chemical status groundwater bodies occur (Figure 3). Salinization of coastal aquifers is the main groundwater quality concern in the Azores, presenting a challenge to the water supply [59,60]. The prospective analysis made during the 2016–2021 RBD planning cycle shows that, if measures delivery is successful, all groundwater bodies will achieve good status from 2021 ahead [31].


Figure 3. Groundwater bodies status in the Azores RBD in year 2015 (data from [28]; Poor and Good: groundwater bodies, respectively, in poor and good status according to the WFD criteria).
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3.2. Groundwater Abstraction


Groundwater abstraction for water supply sums up a total of 4.67 × 107 m3/a, largely exceeding the surface water abstraction (7.94 × 105 m3/a). On seven of the nine islands all water supply is made from groundwater sources, with the exception of Pico and São Miguel, which equals, respectively, 91.1% and 97.6% of the total water supply. Groundwater abstraction is higher in the most populated islands, such as São Miguel (2.53 × 107 m3/a) and Terceira (1.06 × 107 m3/a), and a close relationship is observed between groundwater abstraction and the number of inhabitants of each island (r = 0.998) (Figure 4). Groundwater dependence can be useful in order to raise awareness of groundwater management, but at least in the long-term can become a vulnerability regarding the degradation of the resource-base [17].


Figure 4. Groundwater abstraction in the several islands from the Azores archipelago (circle diameter proportional to groundwater abstraction).
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Groundwater abstraction lies mainly in springs discharging from perched-water bodies spread all over the archipelago, corresponding to a total of 1162 springs being appropriated, 75.6% of which are located on São Miguel island (Figure 5). Water supply also relies on drilled wells on seven of the nine islands, with the exception of Flores and Corvo (Figure 6). Spring discharge is usually higher in lava flows compared to springs from pyroclastic rocks [61], being the highest mean annual discharge measured in a spring from Terceira Island (6.76 × 10−2 m3/s) [31]. Nevertheless, spring discharge is usually much lower in the summer period, suggesting a low regulation capacity of the perched-water bodies as shown by the two-month time lag between precipitation episodes and discharge peaks observed on some islands [58].


Figure 5. Number of springs and wells used for water supply in the Azores archipelago (sp.: springs; wll.: drilled wells).
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Figure 6. (A) The number of springs and drilled wells being monitored; (B) the number of groundwater bodies with chemical monitoring; and (C) the number of groundwater bodies with representative monitoring network for chemical status.
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3.3. Groundwater Quality and Pollution Risk


In addition to salinization (mentioned in Section 3.1), other quality problems are observed, despite not being widespread, as nutrient and microorganism fecal pollution, mainly due to agriculture and waste water discharges [62,63,64], or local fluoride enrichments in São Miguel [65] and Terceira [66]. The latter is suggested to be closely associated to a volcanic activity source, which significantly alters the groundwater composition as shown by the numerous mineral waters spread along the archipelago [67,68]. Pollution risk mapping made from the overlap of the DRASTIC index, land use, and net N-pollution load have shown that groundwater pollution risk is very low to moderate [69]. The DRASTIC index is based on scores attributed to seven factors (depth to the water table; net recharge; soil media; aquifer media; topography; impact of vadose zone; hydraulic conductivity) being a useful methodology to characterize groundwater vulnerability to pollution [70].




3.4. Groundwater Monitoring


In the Azores RBD only the groundwater chemical status is monitored, a project started in 2003 [62,71,72]. A total of 69 springs and 32 drilled wells are monitored on nine islands (Figure 6A). The percentage of groundwater bodies being monitored nowadays is 64.8% of the total, and considering each island this value ranges between 33.3% (Graciosa island) and 100% (São Miguel, São Jorge, and Flores) (Figure 6B). Considering only the 35 groundwater bodies being monitored, only 5.7% have representative networks, considering a threshold value of 80% for the representative index computed as proposed by [73] (Figure 6C; Table 1).


Table 1. Representative index for the chemical status monitoring networks in the Azores RBD.





	Island
	Gwb Monitored (%)
	Representativity Index (%)





	Santa Maria
	66.7
	33.4–67.8



	São Miguel
	100
	60.5–83.7



	Terceira
	72.7
	51.3–79.4



	Graciosa
	33.3
	57.8–91.5



	São Jorge
	100
	40.8–57.5



	Pico
	66.7
	31.0–70.3



	Faial
	37.5
	47.3–73.8



	Flores
	100
	15.5–55.5



	Corvo
	50.0
	50.4











4. Groundwater Planning and Management


4.1. Legislation and Regulatory Framework


Groundwater is traditionally privately appropriated in Portugal, depending on the land ownership rights and on licensing and taxation by the public administration nowadays. According to the Portuguese Law 54/2005, which came to force on 15 November 2005, the so-called public water domain (PWD) comprises coastal waters, rivers, lakes, and lagoons, both navigable and not-navigable channels, as well as groundwater on public land. Under a permit/title of use, emitted by the competent water authority, water use by private entities in the PWD is allowed, which may imply a fee payment. For example, artificial recharge or injection operations have to be preceded by a permit process.



Under the same law, the exploration of groundwater on private land, which is considered to be a private resource, has to be subject of a title of use whatever the objective of the water user (human supply, irrigation, industrial and recreational uses). Nevertheless, all wells equipped with a pump up to 5 hp only need to be communicated by the owner to the water authority, independently of their depth and if no major impacts are expected to occur. If the pump has more than 5 hp a title of use is required, following registration and authorization issued by the water authority, which may imply the payment of a license if the well is located in designated sensitive areas, which also requires a permit application.



The administration of the Azores RBD is pursued by the Regional Directorate for the Environment, from the Energy, Environment, and Tourism Secretariat of the Azores government, which is responsible for the overall management and protection of groundwater resources in the archipelago, including water resources planning and the pursuing of all legal and regulatory frameworks. The Azores water authority acts in a vertically-integrated system, being responsible for all nine islands of the archipelago, with representatives on all islands. A synthesis of the evolution of the institutional framework responsible for water management in the Azores is reported in the literature [32].



The legal framework plays an important role in the architecture of groundwater governance, for example, in what concerns the clear definition of responsibilities of all stakeholders [74]. The main legal and regulatory framework for groundwater management in the Azores is listed in Table S1, being strongly based on national and European Union-derived legislative initiatives.




4.2. Planning in the Context of the Water Framework Directive


The first integrated water resources plan adopted in the Azores corresponds to the Regional Water Plan (ARWP) which only came to force in 2003 despite an early elaboration and public consultation [51]. In this plan, groundwater resources received, for the first time, full consideration in the Azores RBD as, previously, the main efforts in the public water policies were the fulfilment of EU directives requirements, such as the ones for wastewater, and the control and remediation of eutrophication in lakes [53,54].



As a result of the ARWP widespread approach, a number of measures were proposed to be developed between 2003 and 2013, organized along 20 programs, and, secondly, in 38 projects, grouped according nine thematic areas, and corresponding to a budget of 228 million Euros [51,75]. Groundwater issues were directly and indirectly reflected in several projects, the most important of which were the further characterization of groundwater bodies’ status, monitoring, water supply sources protection, groundwater abstraction licensing, diffuse pollution control, and sealing of uncontrolled municipal waste disposal sites.



Nevertheless, as showed through an external evaluation the delivery of the ARWP was unsatisfactory regarding several goals [75]. In the case of groundwater resources, the most successful project was the protection of groundwater supply sources, through a hydrogeological study made between 2001 and 2003 in São Miguel, followed by another made between 2006 and 2008 in the remaining islands, complemented by a study of the economic impact of the associated land use restrictions [76,77]. About 10.9% of the archipelago area belongs to a water supply protection area, respectively 0.18% to the immediate protection area, 1.73% to the intermediate area, and the remaining to the enlarged protection area (8.97%). Only in the immediate protection areas, are all human activity forbidden, with the exception of the ones needed for water supply maintenance. Nowadays, measures to control the diffuse pollution from pasture lands are still to be defined in the water supply protection area, which limits the effectiveness of the latter to protect groundwater quality. Nevertheless, a high portion of the water supply sources’ protection areas belong to environmental conservancy areas, which reduces the impact over economic activities.



In compliance with the WFD and WL requirements two RBD management plans were already developed, the first of which was adopted in March 2013, therefore, with a considerable delay regarding the original planning cycle (2009–2015), while the second, corresponding to the second planning cycle (2016–2021), was completed in due time (December 2015) [31,32,78]. The number and the geometry of the groundwater bodies were kept unchanged from one planning cycle to the other, but, currently, studies are ongoing in order to evaluate the actual delineation of groundwater bodies and proceed to a new one whenever necessary.



The program of measures proposed along the Azores RBD second planning cycle (2016–2021) comprises a total of 47 measures, namely 18 basic measures and 29 supplementary, corresponding to a total overall budget of 78 million euros (51% to basic measures and 49% to supplementary measures) [31,32]. From the 47 measures to be implemented, 25.5% are directed to a specific water body, while the remaining has a more holistic implementation throughout the RBD. From the former group, about 42% are associated with groundwater bodies (one basic measure and four supplementary measures).



From the set of basic measures being proposed, three are directly associated with groundwater issues, such as the need to improve monitoring activities all over the islands, through the development of quantitative and chemical surveillance networks, or the mitigation of seawater intrusion in groundwater bodies considered to be in poor status due to salinization in Graciosa and Pico islands. Nevertheless, other basic measures also have a positive impact over groundwater management and protection, namely though the reduction of diffuse pollution loads, the control of groundwater abstraction, capacity building of human resources, and the development of decision support information systems.



Among the supplementary measures set, several are directly associated with groundwater issues, namely the definition of the regulatory framework to be applied to the groundwater recharge areas in order to prevent or constrain human activities, therefore preventing pollution and enhancing water quality protection, the need to develop studies to reevaluate groundwater bodies’ boundaries and geometry, as well as the interactions with groundwater-dependent ecosystems, and the increase of scientific knowledge in order to sustain science-based policies. The characterization of particular polluted sites is also pointed out, in order to assure groundwater monitoring and remediation, if necessary, namely in airport and military base facilities. Other supplementary measures are also listed that, despite an indirect connection to groundwater, are also of importance, such as the empowerment of the general public and the access to information by all stakeholders.




4.3. Perception of Stakeholders


A brief survey on water management in the Azores was accomplished, in which 43 specialists working for four stakeholder institutions were consulted and had the opportunity to share their opinion. For that purpose a questionnaire was prepared and delivered to all participants in May 2017, comprising 12 questions of interest to groundwater protection and management that were later collected by the institutions (Table 2). Previously, all respondents were kept informed about the objectives of the survey. For each question the participants on the survey have to choose one of five possible answers to each question, which were organized in order to show increasing agreement/effectiveness/integration, and after which the results were grouped for each question based on the selections of each individual. The stakeholders were selected as a function of their role in what concerns water management, thus, a water supply municipal provider, a consulting company being responsible for the RBMP, the local university, and the government body that acts as the water authority in the Azores.


Table 2. Questions related to groundwater management in the Azores in the stakeholder survey.





	Ref.
	Subject





	Q1
	Water policies are clearly established.



	Q2
	The water policies have the agreement from all public and non-public bodies with responsibilities in water management.



	Q3
	Is the cooperation between public and non-public bodies with responsibilities in water management effective?



	Q4
	Are water policies integrated with land use policies?



	Q5
	Are water policies integrated with waste management policies?



	Q6
	The water administration has responsiveness capacity in terms of emission of title of use/permit issuing.



	Q7
	Are the water policies‘ enforcment adequate?



	Q8
	Is groundwater monitoring adequate?



	Q9
	Is national and EU legal and regulation framework fully pursued?



	Q10
	Is the cooperation between water administration and water users adequate?



	Q11
	Are citizens and NGOs adequately consulted before the implementation of a new water management policy/procedure?



	Q12
	The cooperation between water administration and scientific bodies effective?









Results showed contrasting views, resulting from insufficient delivery by bodies responsible for water management (Figure 7). If water policies are considered to be clearly established (Q1), the lack of agreement (Q2) and cooperation between public and non-public water managers (Q3) is still a problem, which may affect the valuing and protection of groundwater resources in the Azores. The lack of leadership by the water authority is also reflected by the fact that about 47% of the respondents facing Q9 considered that legislation as not fully pursued, and only 23% stated that water policies are enforced in a satisfactory manner (Q7), which can be associated with a perception of an inefficient oversight in the nine islands. Nevertheless, the perception about the capacity of the water administration to provide permits/titles of use in a timely manner seems to be positive (Q6).


Figure 7. Histograms for the several responses to questions made about groundwater management in the Azores (TD: totally disagree; LA: little in agreement; MA: more or less in agreement; VA: very agree; TA: totally agree; NE: non-effective; LE: low effectiveness; ME: more or less effective; HE: highly effective; TE: totally effective; NI: totally non-integrated; LI: limitedly integrated; MI: more or less integrated; HI: highly integrated; TI: totally integrated).
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The cooperation between the water administration and water users is considered to be not successful, as 49% and 51% of the respondents are more or less satisfied when facing Q10 and Q11, respectively.



The majority of the responses shows that the perception about the water monitoring program, in due course, is positive (Q8). Nevertheless, as the quantitative monitoring of groundwater bodies is still to be achieved in the Azores, responses suggest that, despite the instrumental role of groundwater for the water supply, there is a need to increase awareness about groundwater protection even among responsible bodies. This issue shows that groundwater is still often an invisible resource [79], and the lack of awareness causes a narrow interface is to be drawn between the status and dynamics of the groundwater-resource base and risks when facing vested interests [80]. This also explains the negative to neutral perception about the science contribution toward water management (Q12). Nevertheless, despite the need for more science-driven groundwater management processes, lengthy responses should be avoided through counterbalancing faster and technological solutions [17].





5. Discussion


To maximize the benefits that can be obtained from groundwater use both groundwater management and governance improvement is needed [23]. In order to make a diagnosis of the governance state-of-art in the Azores the benchmark criteria proposed by [1,80] were applied, also allowing further discussion of the results, taking in account the management pitfalls already presented in previous sections (Table 3). Those criteria evaluate the effectiveness of provisions that came to force and the capacity for a proper groundwater governance, namely in areas where groundwater is already pressured [1,80]. Results are further discussed considering the four main components of groundwater governance [23]: (1) information and knowledge; (2) legal and regulatory framework; (3) policies, planning and finance issues; and (4) actors in the groundwater governance scheme.


Table 3. Check-list of benchmarking criteria to evaluate groundwater governance in the Azores (0: non-existent; 1: incipient; 2: acceptable; 3: optimum) (criteria according to [1,80]).











	Type of Provision/Capacity
	Ref.
	Criterion
	Rank





	Technical
	1
	Existence of basic hydrogeological maps
	3



	
	2
	Groundwater body/aquifer delineation
	3



	
	3
	Groundwater-piezometric monitoring network
	0



	
	4
	Groundwater-pollution hazard assessment
	3



	
	5
	Availability of aquifer numerical management models
	0



	
	6
	Groundwater-quality monitoring network
	2



	Legal and Institucional
	7
	Waterwell drilling permits and groundwater use rights
	2



	
	8
	Instrument to reduce groundwater abstraction
	2



	
	9
	Instrument to prevent waterwell construction
	2



	
	10
	Sanction for illegal waterwell construction
	2



	
	11
	Groundwater abstraction and use charging
	1



	
	12
	Land-use control on potentially-polluting activities
	1



	
	13
	Levies on generation/discharge of potential pollutants
	1



	
	14
	Government agency as ground-water-resource guardian
	2



	
	15
	Community aquifer management organizations
	0



	Cross-sector policy coordination
	16
	Coordination with agriculture development
	1



	
	17
	Groundwater-based urban/industrial planning
	0



	
	18
	Compensation for groundwater protection
	0



	Operational
	19
	Public participation in groundwater management
	1



	
	20
	Existence of groundwater-management action plan
	3









5.1. Information and Knowledge


Groundwater-related data is a key factor to groundwater governance and management, leading to appropriate solutions, which have a sound diagnosis and knowledge on the resource-base [24,81].



Some constraints regarding water management in the Azores archipelago were already grouped into three main issues [32]: insufficient funding, lack of empowerment by the water authority, and no consideration of the economic dimension. An example of the impact of those constraints is the lack of quantitative monitoring of groundwater bodies, which also, despite the amount of the resource-base, enables the establishment of a sounded-based right allocation framework [82]. Thus, the due authorization to groundwater abstraction is granted with a certain degree of uncertainty.



Monitoring and groundwater governance are interdependent; as if the latter depends on the knowledge about the resource base offered by the former governance, itself, establishes a framework to monitoring as shown by the EU WFD and GD requirements [24]. Therefore, besides the fulfillment of WFD requirements in due time in the Azores, such as the timely adaptation of the 2016–2021 RBMP, funding can limit the implementation of the set of measures proposed regarding groundwater, diminishing governance gains.



In addition to the inexistence of a quantitative monitoring network, the absence of quantitative data also limits the development of numerical management models to aquifers, thus diminishing governance technical capacities. The lack of knowledge may also imply that the government agency in charge is not able to advance from a limited resource development approach to a resource and protection stage [83]. Nevertheless, in the Azores, and despite the limited data on quantitative issues, this evolution has already occurred, mainly due to the compliance regarding the EU WFD and GD.



Another consequence of limited knowledge about the resource base and a low degree of information dissemination is a diminished capacity to resolve emerging conflicts [84] which, in the Azores, may occur between government agencies that represent diverse sectorial interests.




5.2. Legal and Regulatory Framework


Despite the modernity in what concerns the water legislation framework in force in the Azores, shown by the integrative approach and the introduction of tools for planning and monitoring [74], some of which were already provided for in legislation prior to the adoption of the WFD, the majority of the laws and regulations are of national and EU origin. Thus, the needed adaptation of the groundwater legal framework to the financial, technological, and institutional capabilities, as well as to the geographical and environmental specificities, customs, culture, political system, and usual practice [85], is largely lacking in the Azores, in which the local government has, by the Portuguese Constitution and the autonomous government power, specific legitimacy to manage water resources at the regional level [32,75]. From Table S1 it is possible to show the restricted number of dispositions that are the responsibility of the local government, and regarding the adaptation of EU directives only the establishment of threshold values was accomplished. This lack of adaptation may also explain the lack of enforcement of the laws and regulations in force nowadays.



The ability to provide permits/sanctions as well as to reduce groundwater abstraction exists, but as affected by the lack of quantitative data delivery through monitoring is classified as acceptable. The same score is attributed to the government agency being responsible for the groundwater management due to their lack of funding and human resources, resulting in a lower delivering of their goals.




5.3. Policies, Planning, and Financial Issues


Only a limited number of countries have adopted specific policies regarding groundwater, and the ones that came to force present a broad range in what concerns focus, scope, type, and degree of detail [24]. A close relationship can be established between the advance of groundwater governance and the economic development, and in countries which reached an advanced management stage in groundwater policies have evolved from a limited resource control and protection scope toward a more integrated approach to exploitation, control, and protection of water resources and a more advanced linkage to other policy domains. Nevertheless, even in countries that have achieved an advanced management model, inconsistent linkages with other sectorial policies are observed, resulting in an excessively-limited policy scope [24].



In the Azores archipelago this limited policy scope is observed. Cross-sectorial approaches also have to be strengthened, namely with agriculture development policies. Despite the increased awareness regarding the environmental impact of activities developed at agricultural holdings, which may limit access to external funding of the mandatory adoption of good practices, including the reduction of fertilizer use, in vulnerable areas, land use control in groundwater source protection areas is still to be achieved, requiring some sort of compensation payment to farmers/land owners. This subject is of capital importance as, in the majority of the islands, with the exception of Faial and Corvo, recharge areas are at least partly occupied both by natural vegetation and forests and by pasture land [31].



The failure to account for the economic dimension of the groundwater governance explains the low scores in what regards taxation of groundwater abstraction/discharge of pollutants, as an economic mechanism is not yet established. The adaptation of any measures in order to compensate compliance or any groundwater protection action, which can be a kind of counterbalancing approach to enhance groundwater governance [1], is also not considered.




5.4. Actors in the Groundwater Governance Scheme


Those intervening in the groundwater governance framework are heterogeneous in nature and pursue such diverse interests and objectives that can be conflictual and an obstacle for effective cooperation. Therefore, a key factor of success is to call for a sense of urgency regarding groundwater governance and management, as the lack of awareness may result in low funding and in low prioritization [24]. In the Azores this lack of understanding is undermining the capacity of the government agency in charge, which, despite having a clear mandate and competencies for groundwater management, disperse their efforts and attributes a clearer priority to the remediation of surface water bodies’ eutrophication. Thus, even in a water resources integrated management scheme, groundwater is not the focus, even in a region where about 98% of the water supply is satisfied by groundwater sources, which may be explained by the fact that resources exceed largely the demand. The low prioritization conceded to groundwater control and protection also explains that the applications of funds from EU sources are limited and regarding groundwater the Azores Government only applies EU funds to chemical monitoring of groundwater bodies and sporadically to specific projects, such as the study to evaluate the actual delineation of groundwater bodies.



Results suggest that public participation is, in general, unsuccessful, and taking to account the five key indicators of the success of public participation provided by [86], namely the scope of the participation, the effectiveness of communication, the capacity building, the timing, and the financing of the process, public consultation processes in the Azores fails to achieve success in two of five of these criteria: insufficient capacity building, due to lack of knowledge by the public, and a lack of effectiveness regarding communication. Therefore, more efficient information dissemination and contribution collection, besides e-forms, workshops, or stakeholder interviews, which were usually adopted during water planning in the Azores, should be envisaged. Nevertheless, increasing accountability and transparency by the water authority, thus contributing to a more robust governance [1], should be pursued in the Azores.



The advantage of the scale factor toward more efficient public participation, common in other small islands where the identification of stakeholders is facilitated, has to be exploited, as well as the easier identification of societal values and local knowledge in small communities that suffer from a certain degree of isolation through centuries [64].




5.5. A Tentative Benchmark with Other Regions


A global analysis of groundwater governance has shown that it depends on the achieved degree of groundwater management, on the economic conditions, as well as on the specific needs and conditions, such as in North American and European countries where more attention is given to issues like aquifer protection and groundwater pollution [23]. In the Azores, this main focus is enhanced by the fact that groundwater resources exceed, by far, the water demand, which also contributes to the awareness that the groundwater value is lacking and the quantitative aspects are somehow neglected by authorities and other stakeholders. Land use is the only major focus of groundwater governance in European countries, which is not fully effective in the Azores, as a result of the lack of coordination with the agricultural sector. Since 1976, when the management of water resources was formally recognized as one of the specific powers granted by the national government of the autonomous Azores government, the nexus between water and agriculture has been mainly considered in order to avoid, or diminish, lake eutrophication.



The key management issues which are driving groundwater governance in the Azores nowadays are groundwater pollution, mainly regarding agriculture impacts, coastal aquifer salinization, the lack of sanitation and wastewater treatment, and the satisfaction of an increasing water supply demand, to which tourism is an increasing driver. These major issues are also some of the key management drivers in the UNECE countries, where the development stage of groundwater management is considered to be advanced [23].



As the fulfillment of WFD and GD requirements is also driving groundwater management in the Azores, and considering that the WFD is a landmark that concerns providing a framework for an effective governance scheme [23], if compliance is successful governance will indirectly progress in the Archipelago.



A comprehensive analysis of groundwater governance at the national level is absent, therefore inhibiting a comparison with the Azores regional case study. Nevertheless, and considering the delivery of the 2009–2015 River Basin Management Plans in Portugal, which measures the degree of the WFD implementation, it was shown that major constraints are the lack of leadership and insufficient funding [87] and, thus, issues also identified in the Azores in the current study. The lack of political commitment, associated with the lack of awareness, and limited funding are also problems that affect groundwater management and governance in UNECE countries.





6. Conclusions


Groundwater is a common-pool resource with both subtractability and low excludability [83]. In the Azores archipelago groundwater resources are of strategic significance, where groundwater abstraction (4.67 × 107 m3/a) largely exceeds surface water abstraction (7.94 × 105 m3/a), and seven of the nine islands are exclusively dependent on groundwater abstraction to warrant water supply. This dependence on the groundwater-resource base pushes the need for sustainable groundwater management, to which governance is instrumental, but nevertheless is not sufficient to raise awareness of groundwater management as shown by the results from the survey made among specialists from several stakeholder institutions.



The public body responsible for the groundwater management follows a vertically-integrated system, but to fulfil their role needs empowerment. The legal and regulatory aspects also need to be fully adapted to the specific natural, financial, technological, and institutional capabilities, as well as to the social and cultural practices in the Azores, in order to facilitate compliance and enforcing.



The application of the benchmark criteria proposed by [1] to the groundwater governance in order to evaluate the state-of-art in the Azores showed several weaknesses. The governance technical capacities are diminished by the lack of quantitative data, namely by the absence of any quantitative monitoring, which also affects legal and institutional capabilities as, for example, enables the establishment of a groundwater exploration rights allocation framework.



Legal and institutional capacities are also weakened by the failure to account for the economic dimension of the groundwater governance, and a specific system for taxation of groundwater abstraction/discharge of pollutants has still to be proposed, as an economic mechanism is not yet established. The adaptation of any measures in order to compensate compliance or any groundwater protection action, that can be a kind of counterbalancing approach to enhance groundwater governance [1], is also not considered.



Cross-sectorial capacities have also to be strengthened, namely within the agricultural sector, for example, in with respect to land use practices in recharge areas, in general, and in water source protection areas, in particular.



Operational capacities are negatively impacted by the low effectiveness of public participation and the absence of any compensation for the ones pursuing some sort of groundwater protection. Nevertheless, despite the insufficient cooperation and interaction between the water authority and other public and non-public bodies, as well as water users, a management plan was adopted in due time in the scope of the EU WFD. This plan, if fully implemented, will resolve the majority of the issues that are weakening groundwater governance in the Azores, but this accomplishment is threatened by the lack of awareness about groundwater significance, which, in turn, limits, for example, the amount of financial resources needed to develop all the measures proposed in the plan.



The present paper also points to the need of more studies regarding the state-of art of groundwater governance at the EU national and river basin district levels in order to allow the establishment of comparisons and address both similarities and differences in the responses to the challenges of implementing EU groundwater policy.
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