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Abstract

:

The coastal zone is a space where many social, economic, and political activities intersect with natural processes. In this paper, we present an adaptation of the method of ‘Circles of Sustainability’, used to provide a visual assessment of indicators that define sustainability profiles for cities. It is used as a basis for a ‘Circles of Coastal Sustainability’ (CCS) framework that can be used at multiple spatial scales to assess indicators of critical processes that facilitate/constrain sustainability of the world’s coastal zones. The development of such a framework can support management by identifying key features that influence environmental sustainability and human well-being. CCS presents a holistic assessment of four interdependent boundary domains: Environment and Ecology, Social and Cultural, Economics, and Governance and Policy. This approach improves its utility and usability for decision-makers and researchers. CCS adds to existing assessment frameworks that are often focused on particular themes and/or domains that confine their utility to the context of sustainable development and the UN Agenda 2030 Sustainable Development Goals, which demand an inherently holistic and integrated evaluation. CCS is a holistic framework designed to assess the boundaries to sustainability for socio-ecological systems at multiple scales for the world’s coasts.
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1. Introduction


The coastal zones of the world include the ecosystems and socio-economic systems most at threat from the impacts of global environmental change [1,2], and they require a deep understanding of the interrelations between social, economic, political, and environmental dimensions for effective management [3,4]. The biophysical aspects of coastal systems are characterized by constant change: Both natural and anthropogenic drivers lead to material and resource fluxes across the land–ocean interface [5]. Critical goods and services from coastal and marine ecosystems, such as the storage and cycling of nutrients, exploitable resources, filtering of pollutants from inland freshwater systems, and the protection of coastal assets from erosion and storms, are estimated to contribute about 2.5 trillion USD to the global economy each year with a total asset base of at least 24 trillion USD [6]. Coasts also represent recreational, aesthetic, cultural, and spiritual spaces, providing specific senses of place and well-being [7] as well as ‘‘coastal lifestyles’’ [8]. International efforts call for progress to be made towards a more resilient and sustainable future worldwide, including the Sustainable Development Goals (SDGs), the Convention on Biological Diversity (CBD), and the COP21 Paris agreement. However, the magnitude and rate of change of environmental systems induced by human activities have intensified over the last 150 years, leading to significant changes in the structure and functioning of coastal zones. These produce approximately 90% of global fisheries and include nearly 50% of the human population and 75% of megacities, threatening their sustainability as places for human development and well-being [9].



Conflicts concerning ecosystem health and human well-being are recurrent [10]. However, the fragmented nature of governance and management activities in marine and coastal zones has been identified as one of the main limitations to sustainability [11,12]. Increasing demand for resources has led to more stringent public policies to regulate the use of, or access to, natural resources [13] to address the finite character of resources, as well as the limits to the carrying capacity of coastal systems to sustain human activities at different scales.



Sustainable development at the coast requires a holistic perspective that inculcates social/cultural, economic, and governance dimensions as well as environmental dimensions [14,15]. This is necessary to balance good environmental quality status, which enables the provision of ecosystem services, good social development status, and an economic system that focuses on human well-being in a just and participative governance system, as opposed to limitless growth [14,16]. Management of complex systems, including coastal zones, requires data that can lead to understanding across multiple disciplines to link the environment with societal activities, but these have traditionally been difficult to generate [17]. It is important to see data not as individual inputs, but as part of a systems approach that integrates diverse components of coupled human and natural systems to understand socioeconomic and environmental interconnections and to create sustainability solutions [18,19]. Such a systems approach can enable discussions on the current status and future sustainability pathways across all disciplines using the best available information, including expert judgement [4]. The application of an integrated framework does not negate the need for data and disciplinary enquiry, but should rather be viewed as a tool to enquire across disciplines in order to discover emergent properties and complexity. These include: interconnections among multiple key issues; assessment of multiple, often conflicting, objectives; and synergistic interactions to enhance efficiency in one domain while mitigating impacts in others [19,20].



There is no single framework at present to assess status across all dimensions of sustainable development at the coast, although there is a wealth of literature addressing individual sustainability dimensions of coasts. Recent literature highlights the need to address multidisciplinary analysis encompassing the trade-offs between ecosystem services and human wellbeing [21,22]. This article results from a review of existing thematic frameworks and a synthesis to develop a framework that provides a holistic sustainability profile for any given coastal region/locality. This holistic framework, the Circles of Coastal Sustainability (CCS), uses and augments the concept of Circles of Sustainability [23], a method designed to assess domains of ecology, economics, politics, and culture to understand complexity across multiple dimensions and achieve socially and environmentally sustainable outcomes. The framework application is demonstrated through the presentation of a case study that explores limitations and strengths as well as usefulness.




2. Assessment Gap Analysis


Frameworks developed to assess multi-dimensional issues, like sustainability or human well-being, often emphasize either social or environmental perspectives [24,25] or address specific management issues, such as eutrophication [26] or marine litter [27]. This limits the utility of existing frameworks to provide holistic and integrated evaluation, which is needed to define solutions in the context of sustainable development and the SDGs [28], as well as balancing multiple competing and potentially conflicting public goals [29], in order to connect human development with capacity in natural systems to sustain progress [30,31].



Some frameworks go beyond monitoring environmental quality to identify the causes and consequences linked to socio-economic aspects, connecting scientific findings with ‘real-world’ issues, thereby providing a more useful and informed scientific base for resource management decisions [27]. Examples such as the DPSIR (Drivers–Pressures–State–Impact–Response) framework and the Systems Approach Framework (SAF) [4,26,32] span a variety of scales, approaches, and timeframes (see Table 1). Although such frameworks have been used in assessment processes—for instance, the World Ocean Assessment—to incorporate both natural and social aspects of ecosystems, it remains difficult to balance these aspects; often, social aspects are not sufficiently considered.



The Ocean Health Index (OHI) [29] is an example that demonstrates the complexity encountered with approaches like this. The OHI is a visual representation for ongoing assessment of ocean health with respect to ten well-accepted societal goals, closely linked to the ecosystem services concept [33]. It was designed to be a key benchmark against which to compare future progress and to inform comprehensive ocean policy. The index assesses, rather than models, current and future conditions, so it is not a prediction tool, although it does include trends. The OHI includes negative impacts exerted on the oceans as well as the tangible and less-tangible benefits derived from the oceans. OHI assessments use existing information, so the assessments reflect the best available knowledge of the system at the time of the assessment, and are updated regularly. This can require indirect measures to be included in assessments when the direct measures that would ideally be included are unavailable. Thus, the OHI outputs are heavily linked to the quality of the data inputs. The general consensus of reviewers is an acknowledgement of the OHI as a good visual tool, but the complex underlying statistics are based on assumptions that are easily distorted by data quality [34].



A review of other multi-dimensional approaches, analyzed for key focuses and limitations providing comparisons and contrasts, demonstrates the need for a unifying, locally adaptable framework to assess and evaluate sustainability status and options in coastal social–ecological systems. This holistic picture of the state of sustainability of any coastal zone would provide a transformative pathway for transdisciplinary assessment (Table 1). Such a framework should not be constrained by data availability or by traditional disciplinary segregation and segmentation of data and enquiry, which lead to discipline-specific perspectives of what constitutes sustainability of coastal zones.




3. The Circles of Coastal Sustainability Approach


A holistic coastal sustainability framework would incorporate international policy goals, e.g., the Sustainable Development Goals (SDGs). It would have the potential to improve the sustainability and management of coastal ecosystems through improved forecasts of change and impacts, as well as providing an overarching mechanism to evaluate the appropriateness of interventions and responses at scale (Figure 1). The SDGs, the Sendai Framework for Disaster Risk Reduction, Paris Agreement, and Aichi biodiversity targets are all examples of international policies designed to tackle societal challenges, such as climate change, extreme events, poverty, marine systems, and health demands [40]. These international agendas demand innovative and multidisciplinary solutions that provide a unifying structure and identify the critical need for pathways to transform at the macro scale [41]; these can be used as policy objectives from an integrated assessment process to achieve sustainable development.



The CCS logic is based upon the concept of a ‘dashboard’, which is common to other frameworks (e.g., [23,29,35]); this summarizes the outputs from an array of information sources [42]. Sustainability is often characterized as coevolution of economic, social, and environmental systems respecting a dynamic ‘triple bottom line’ to attain quality/performance sustainability goals [43]. However, regulation and governance of these three spheres do not happen organically, leading to demarcation of a fourth fundamental category of organization, the political sphere. The role of the political sphere is the regulation of the economic and social spheres and thus of relations with (and within) the environmental sphere [op.cit.]. Such an approach also supports an interdisciplinary organization that includes policy and economics [44,45,46] to describe four interdependent boundary domains for the CCS. These determine whether humanity can continue to develop and thrive [47,48]: (i) Environment and Ecology, (ii) Social and Cultural, (iii) Economics, and (iv) Governance and Policy (Figure 2). An analysis across these four domains is compatible with concepts of ecosystem services that describe “the benefits that people obtain from ecosystems”, classified as supporting services (e.g., nutrient cycling), regulating services (e.g., climate regulation), provisioning services (e.g., food), and cultural services (e.g., recreation) [49].



3.1. CCS Methodology and Interdependency between Domains


The categories of the four domains of the framework are modified to be applied to a coastal setting based on the gap analysis (Table 1) and a series of discussions held between the multi-disciplinary Scientific Committee of Future Earth Coasts (www.futureearthcoasts.org) in 2016. The categories (Figure 2) are generic qualities of sustainability that are sensitive to a range of scales, from local to national and regional conditions, and that can be represented in a way that increases transparency across sectors and scales. The coastal context for each domain and its categories is explained below. The design of the CCS is cognizant of the principles of sustainability assessment. These call for the evaluation of the carrying capacity of system components in order to define the boundaries/thresholds of sustainability and the interconnectedness between coupled environment–human systems to inform decision-making and policy development [50] in the complex context of coastal zones.



Assessment of the categories and analysis across the four domains allows a method of enquiry that transcends reductionist analyses of the traditional narrow fields of individual sciences and sectors by providing a holistic approach to problem-solving, based on a systemic exploration in both the economic and social domains as well as in environmental, political, and ecological areas [51]. The notion of assessment processes to address sustainability of any given domain has increasingly become of interest since the Club of Rome “Limits to growth” report in 1972 [52]. The choice of measurable sub-categories that can summatively be used to define the status of categories and domains of the CCS has been formed on the basis of defining classifications that reflect different levels of resilience, resistance, and hysteresis of local specificity [42]. Concepts such as sustainable development and the tools to achieve it, such as the SDGs, are, in fact, moving concepts, rather than a fixed destination; therefore, continual review of indicators for the CCS is necessary to ensure progress both in terms of achievement as well as direction (priorities at scale). Thus, the framework (Figure 2) presents fixed domains and categories, but allows indicators to be selected based upon local specificity and data availability. Such an architecture of assessment addresses the spectrum of interacting biophysical, social, economic, and governance issues whilst avoiding reductionist efforts focused on individual components that can overlook critical interactions [53].



3.1.1. Coastal Context for the ‘Environment and Ecology’ Category


Healthy ecosystems provide opportunities for basic human needs and well-being [54] through the provision of water, food, and shelter [55]. Coastal ecosystems are particularly sensitive to change, and this is exacerbated by increasing anthropogenic pressures. The protection of coastal and marine ecosystems, which support climate change mitigation and the livelihoods of around 3 billion people [28], is encompassed within SDG 14 (Life below Water) and is linked to most of the other 16 SDGs [56]. Examples of exogenic, non-manageable environmental changes [32] that threaten ecosystem service provision include increased sea surface temperature (SST), which also causes sea level rise (SLR) from thermal expansion. SLR threatens coastal populations and uses, putting human settlements at risk, especially in low-lying coasts and islands [57]. For example, Bangladesh has experienced losses in infrastructures, properties, and crops due to flooding events, which are likely to increase with SLR, pressuring its densely populated, complex, coastal, socio-ecological system (SES) [58]. SLR also influences freshwater provision through saltwater intrusion of coastal aquifers [59].



Coastal ecosystems often provide multiple services, from subsistence to recreation, which have been debated in recent literature [21,22]. For instance, mangroves and other wetlands provide not only coastal protection to human settlements and lives from extreme events, such as storm surges and cyclones, but also provide climate mitigation services [60]. Many anthropogenic activities alter natural processes and cycles at the coast. For example, dams disrupt sediment fluxes in coastal areas [61]. Other examples include river channelizing and impermeable surfaces in coastal cities that exacerbate flooding events [60]. Assessing and monitoring the occurrence of these issues is necessary for implementing measures for their prevention and mitigation, while also promoting human well-being. Figure 3 shows the suggested sub-categories for each category of the Environment and Ecology domain. It intends to guide managers in the search for appropriate indicators available in their region.




3.1.2. Coastal Context for the ‘Social and Cultural’ Category


Social and cultural aspects are considered in two ways within the framework: First, in the context of benefits derived by humans from coastal ecosystem services to satisfy basic needs of food, water, and health security [32]; second, the degree of resilience to change by coastal populations in the form of education level, poverty, and vulnerability. This rationale follows Raworth’s approach of “safe and just space for humanity within planetary boundaries” described by the Doughnut of Social and Planetary Boundaries Framework [38]—for example, in a socially sustainable area where wastewater treatment and litter collection are efficient, recreational activities are boosted with good health, bathing water quality, and clean beaches. Such conditions also attract visitors, contributing to the local economy and coastal livelihoods [55]. Anthropogenic pressures can lead to higher demands for freshwater, wastewater treatment, and litter collection that may not be met in practice, bringing water scarcity and pollution risks. This is the reality of coastal cities like Barcelona, which has depended on desalination plants to complement the freshwater supply of the area since 2009 [62].



Social and cultural change is often linked to environmental change. For instance, anthropogenic change leading to shoreline alteration, river channelization, and soil impermeabilization increases the risks of flooding, thus putting vulnerable populations at risk. The Mekong River Delta in Vietnam is one of the most densely populated low-lying areas in the world, playing a crucial role in food security and socio-economic development of the region. For this reason, SLR projections pose a big threat to coastal communities in the region, especially in less adaptable areas where poor households are located [63], exacerbating the impact of poverty as a result of the higher health risks associated with floods and polluted water [60].



Figure 4 shows the suggested sub-categories for each category of the Social and Cultural domain. These establish clear links between the provision of ecosystem services, such as sea food and clean waters, with the societal benefits of continuous food provision and good bathing quality for recreation. It acts as a first guide for managers in search of appropriate indicators to perform a holistic assessment of how coastal communities’ social wellbeing is influenced by the environment and vice-versa.




3.1.3. Coastal Context for the ‘Economics’ Category


The global economic system is considered the main driver of change in the Earth’s system. Additionally, the economic activity of the human enterprise continues to grow at a rapid rate, which does not necessarily reflect improvement in the economic prosperity of individuals [64]. A shift towards an economic model where equitable and sustainable well-being is the focus is the new goal, rather than unlimited economic growth that places pressures on planetary boundaries [65]. This is especially true when coastal livelihoods are considered, where the provision of ecosystem services is directly linked to income fluctuations, which is the case of fishing-dependent communities in face of changes in fish stock [55]. To assess the economic prosperity of coastal zones, as well as that of its inhabitants, two approaches have been considered in this domain:




	
The OECD’s [37] material well-being approach explores the diversity of activities that confer financial security to coastal livelihoods and the dependency of the populations on these activities. It includes jobs, housing, wealth, and income. For instance, fish-dependent communities can experience economic vulnerability, as they often face changes in fish stocks and rising costs of fishing effort, leading to lower incomes and other factors that threaten household and individual financial security [66]. These factors pose a risk to economic well-being and require policy responses [54].



	
Assessment of the revenue contribution of each maritime and coastal-related activity to the development of maritime and coastal industries, and the importance that this sector has on the economy. For instance, in Spain, the tourism industry is the economic sector that generates the largest share of GDP of its coastal zones. Economic instabilities in this sector can compromise the economic well-being of coastal communities, as in the case of the decline of the oil and gas production industry in UK, which was one of the largest contributions to the UK’s GDP [54].








An analysis of infrastructure and access is part of the second approach and is related to urbanization and tourism, where improved access through roads, bus stations, airports, and ports is likely to attract new business and stimulate migration. An investigation of the industry diversification and revenue per sector provides an outlook of the contribution of coastal-derived activities to the economy. Pollution and other diminishing factors of environmental quality might also affect livelihoods, where a clear link between environmental quality and human well-being through the continuity of provision of ecosystem services (ES) goods and services is established. Following this idea, the ecosystem services concept follows a political–ecological economics perspective, as suggested by Depietri et al. [44]. It focuses on the importance of ecosystem services to human well-being, rather than seeking to attribute values. This domain addresses the economic sustainability of coastal zones as a proxy to assess SDG progression. Figure 5 shows the suggested sub-categories for each category of the Economics domain, covering the two approaches mentioned.




3.1.4. Coastal Context for the ‘Governance and Policy’ Category


Systems of governance and policy that apply to coastal ecosystem services involve multiple features associated with resource use management, land entitlement and ownership, mediation between conflicting uses, and commitment to local and international agreements and regulations [44,45]. Assessing the effectiveness of governance and politics in coastal zones is a key factor for understanding socio-ecological systems and the implications on biophysical, social, and economic issues. Community-based management instruments, such as civil society organizations, activism, and collective action, are important mechanisms to include communities in ecosystem service use and decision-making [44,67,68]. Education plays an important role in this matter and links social resilience and participation with coastal political ecology.



The quality of environmental legislation and its enforcement directly influences who has access to coastal ecosystem services and the management of uses [69]. Regulations for fisheries and aquaculture, wastewater treatment and disposal, ballast water, deforestation, protected areas, and ecosystem restoration are examples of policies that safeguard ecosystem health and consequently protect coastal-dependent livelihoods. Indirectly, such measures also protect human security against climate change and extreme events; for instance, when natural coastal protection is effective.



Corruption has been identified as one of the main obstacles in coastal governance, where interests of particular groups are favored instead of those of the communities. The concession of licenses for developments in areas of environmental and socioeconomic sensitivity, ignoring the legislation, is one example of the impacts of corruption [70]. In this context, evaluating corruption in coastal-related issues becomes imperative, as ecosystem services that support human well-being might be threatened. Stakeholder conflict, lack of local capital assets and capacity, and weak institutions were also pointed out as challenges to coastal management and governance [70]. Mapping conflicts can provide a proxy of the effectiveness of plans to manage resource use and management.



In terms of sub-category definition, this domain was the most challenging given the availability of data and the distinct mechanisms of control and participation existent in different coastal regions. For this reason, in categories such as ‘Representation and power’ (Figure 6), an ‘Other’ sub-category appears. This allows managers to choose the most appropriate sub-categories and indicators for local adaptation to their zone.




3.1.5. The Circles of Coastal Sustainability Indicators


The implementation of CCS requires a set of indices that reflect the constituent sub-categories and categories. The challenge and complexity of identifying a comprehensive set of indicators has been extensively recognized [42,71]. The choice of indicators that reflect the ‘real-world’ situation of coastal zones and the interconnected relationship that describes socio-ecological systems is important to achieve a holistic and integrated assessment that leads to meaningful management actions for sustainability. The selection of indicators to analyze each category was derived from different sources, as listed in Table 2. These sources were chosen based on their capacity to deliver consistent information to enable a holistic analysis, considering the key concepts chosen to develop the framework: The interdependency between ecosystem services and human well-being. Regarding the indicators, the selection criteria included the practicability of each indicator, the availability of data to support them, and the communicability of the information conveyed by them to managers and other stakeholders. Acknowledging the fact that data availability may vary depending on a range of factors, such as scale and location particularities, the indicators listed on Table 2 are not meant to be considered a fixed set, but a guide. Each category is defined in a way that does not pre-determine the indicator data necessary for its assessment/description, which will allow the data and/or expert judgement that are available from any given location to be used to populate the CCS. Metrics from the indicator source can be modified by critical judgement when scale specificity requires appropriate thresholds/limits to score indicators. These locally adapted metrics can be deployed in differing reporting contexts to permit locally developed sustainability interpretations and indicators [23].



The majority of sustainability indicators are derived from separate analyses of economic, social, and natural processes. In some instances, however, the indicators are integrated across more than one domain. Delivering sustainability requires this connectivity across varying levels of complexity and scale. Indicators allow an expanding set of sentinel observations to be drawn into policymaking. As new knowledge becomes available or the focus of decision-making shifts, underpinning data flows can be augmented or replaced. Indicators can be descriptive, related to performance, efficiency, policy effectiveness, or overall welfare, but, in the context of sustainability, it is their integration across different policy arenas that is most critical.





3.2. Communication of the CCS


A scoring system on a scale from 1 to 5 was used to rate sustainability levels for each indicator set in each category. Color labels fill the diagram to signal performance relative to others: Blue for ‘excellent’, green for ‘good’, yellow for ‘satisfactory’, orange for ‘poor, and red for ‘bad’, according to the rating attributed (Figure 7). This is inspired by the color scale (blue to red) of the EU Water Framework Directive.



The attribution of points within a category is made by following an averaging across the indicators used in each category. Indicators all have equal weight. A global whole of the circle score is not given, as the framework assumes that no category is more or less important than the other categories, and categories cannot compensate or negate each other. The outcome is that the CCS highlights priority areas that need urgent action, thereby optimizing management and the allocation of economic resources.



The bull’s eye orientation (proximity to the center of the target represents proximity to the sustainability goal) follows the Planetary Boundaries graphical representation, where the progressive distance from the center of the circle represents transgression of boundaries. In the proposed framework, the further the distance from the circle, the higher “unsustainability” scores are attributed. This is the opposite to the OHI representation, where further out from the center represents a larger percentage score. This visual output aims to provide a clear and easy panorama of the four typologies of sustainability analyzed, allowing better communication between the diverse stakeholders involved in coastal management.





4. Case Study


The method was applied to Spain to demonstrate the application of the CCS approach. Spain is the largest country in Southern Europe. It has a territory of 505,990 km2, including the Balearic Islands in the Mediterranean Sea and the Canary Islands, with a total population of 47.02 million. At the time of the study (2010–2011), 44% of the population was living in coastal municipalities, a narrow fringe (0–5 km) only corresponding to 4.2% of the territory. A previous study by O’Neill et al. [65] applied the Safe and Just Space Framework [38] in over 150 countries, combining seven biophysical thresholds to 11 social indicators. Their findings show that Spain transgressed all seven analyzed biophysical thresholds associated with environmental sustainability. The application of the CCS framework aimed to extend this analysis to assess the implications of coastal management on environmental sustainability and human well-being on Spanish coasts. To ensure comparability with the O’Neill et al. [65] study, the data used in our case study also correspond to the 2010–2011 time period. In addition to the data sources identified in Table 2, official data sources were used, such as from the Spanish Ministry of Agriculture, Food, and Environment, which, in this case, had consistent data to support this assessment [86,87,88,89].



Spain’s mainland is bordered to the south and east by the Mediterranean Sea, to the north and northeast by the Bay of Biscay, and to the west and northwest by the Atlantic Ocean. Geopolitically, the Spanish territory is divided into 17 Autonomous Communities; each has political autonomy with distinct cultural, social, economic, and environmental features, and they are further sub-divided into 59 Provinces, 31 of which are coastal. The climate typology of the country is divided into Oceanic, Mediterranean, and Sub-tropical/Tropical (Canary Islands) [86].



4.1. Results


Overall, the CCS shown in Figure 8 use a combined image of all four quadrants. The following sections provide a background to the scoring of each sub-category within each quadrant of the CCS.



4.1.1. Environment and Ecology


In this domain, all categories assessed had a low environmental performance (Figure 8):




	
Alteration of landscapes: It is estimated that there has been a 60% increase in artificial occupation on Spanish coasts from 1987–2011, such that 10.48% of the area up to 10 km from the coast is artificial. The percentage rises to 27.5% when the first 500 m is considered. In urban areas, such as Barcelona, Málaga, and Alicante, this increases up to 45% in the first 2 km from the coast [90] with 70% of the total artificial surface corresponding to residential areas.



	
Ecosystem function: Data on biodiversity loss and on the state of provision of coastal and marine regulating ES indicate an alarming trend with vertebrate species classification as “critically endangered” [88]. Overfishing is identified as one of the main causes of biodiversity loss in the Mediterranean area, where the capture/biomass ratio is out of balance, coupled with a high trend in the presence of invasive alien species, representing possible threats for local and endemic species [90]. Coastal and marine regulating services and provision services (e.g., water regulation, maintenance of soil erosion and fertility, regulation against hazards, and biological control) are in decline, presenting worsening trends in both coastal and marine ecosystems [88].



	
Global environmental change: This category used climate-change-related indicators, such as SLR, SST, and ocean acidification (OA), all of which are projected to increase [86].



	
Shifts in hydrodynamics: Data from the “Strategy for climate change adaptation of the Spanish coast” point to an overall change in terms of wave height for 2070–2100 projections [89].



	
Biogeochemical and physical flows: Nitrogen and phosphorus input points for nutrient footprints trespassed the “biogeochemical flows” planetary boundary in Spain in 2011 [65]. Freshwater cycles, water regulation, and provisioning services in aquifers and coastal systems, as well as water regulation services, are in decline [88]. Overexploitation of water resources is exacerbated by tourism, which consumes 3–4 times more water than a domestic resident. A total of 70% of the tourism in Spain is concentrated in areas at risk of water scarcity and drought. Peaks in water consumption also require optimization of residual water treatment, requiring design of treatment plants to support these peaks [90]. Regarding sediment cycles, it is estimated that around 69.73% of Spanish territory suffers from erosive processes [87], which can be related to the intense decline of coastal zones’ ability to control erosive processes [88].









4.1.2. Social and Cultural


	
Societal benefits: Provisioning services (food, water, biotic materials, and renewable energy), regulating services associated with natural beach nourishment and natural hazard protection, and cultural services, such as recreation opportunities and aesthetic values, were assessed [88]. Except for renewable energy, with a mixed trend, all provisioning services had a worse/worsening declining trend in both coastal and marine environments [88]. Regulating services also presented declining trends (e.g., loss of coastal erosion regulation service), presenting a threat to coastal human settlements [88]. Recreational activities and aesthetic enjoyment services are declining, affecting the social well-being of local inhabitants, as well as the value as a touristic destination [88]. Coastal water quality was assessed as another variable to measure societal benefits, as it is linked to health, cultural, and economic aspects, as well as its importance for tourism [91]. In 2010, 80% of coastal waters had an excellent quality, while over 90% were classified with “sufficient” quality [92].



	
Demographics: According to the Spanish National Statistics Institute, 44% of the population lived in coastal zones in 2010 [93], which can place pressures on public services, including proper sanitary facilities [90]. Other studies have shown that over 26% of the Spanish population was at risk of poverty or social exclusion, higher than the overall EU numbers [89].



	
Social well-being: To measure social well-being, access to beaches, food security, and health were evaluated. Legislation establishes that beaches are a public domain, forbidding private uses to enhance the cultural services provided [94]. Food provision from coastal and marine sources has been experiencing a decline. Large-scale agriculture is the main source of food security in coastal zones [88]. As a proxy for health, bathing water quality was used to assess the occurrence of water-related diseases.



	
Identity: “Sense of place” was used as an indicator of populations’ sense of belonging to nature. The authors of [88] found that this has been experiencing a declining trend in coastal zones attributable to the replacement of traditional lifestyles.



	
Social resilience: This category examined vulnerability and education patterns along Spanish coasts. For vulnerability, the lack of data for social cohesion limited the assessment. To evaluate education, cultural services were assessed based on scientific knowledge, local ecological knowledge, and environmental education. For both coastal and marine ecosystems, this service has an increasing trend [88]. Environmental education initiatives exist in almost all coastal regions, helping to enhance citizen awareness of coastal and marine issues [95].







4.1.3. Economics


It is important to note that during the analyzed time span (2010–2011), Spain was going through an economic recession following the real estate bubble crisis of 2008.



	
Security: Livelihoods and employment patterns were examined. According to data from the Eurostat database [96], from 2005–2014, there was a 12.8% decline in employment along Spanish coasts. Aside from the crisis of 2008, decreases in the fisheries sector may relate to half of Spanish fishing grounds being fished beyond the safe biological limits of sustainability [88]. Employment patterns are seasonal, with large numbers of temporary jobs in the summer to meet the needs of the service and tourism sectors. In the shipbuilding industry, more qualified, permanent jobs exist [88].



	
Infrastructure: In this category, energy supply, maritime transport, and tourism were assessed. In 2010, around 33% of energy generation came from renewable sources, and this is expected to increase [91]. The port industry is very important, with the Port of Algeciras in Andalucia being the most important in the Mediterranean region. The Port of Vigo in the Northwest Atlantic, the Port of Bilbao in the Gulf of Biscay, and the Port of Las Palmas in the Canary Islands are other examples of ports with intense activity. The Canary Islands and the Balearic Islands have high numbers of marinas and moorings, as well as dependency on maritime transport [91]. Tourism infrastructure is well developed, particularly in the Canary and the Balearic Islands and the coastal regions of Murcia, Valencia, and Catalunya [88].



	
Economic well-being: Equality, income patterns, and housing were used to evaluate the economic well-being of the coastal populations, although data only exist at the national level. The Gini index [65] was used to assess equality patterns, where Spain scored 68.6 (out of 100) in 2011. For “the percentage of the population who earn above $1.9 a day” indicator, the country obtained the maximum score. Regarding housing affordability on the average income, bad trends were found [88]. Vacation rentals have become a major issue, where locals find it hard to find affordable long-term properties for rent in coastal cities (e.g., Barcelona and Palma de Mallorca).



	
Industry: The analysis considered tourism, maritime transport, and shipbuilding. The tourism industry alone is responsible for the biggest share of revenue generation in Spanish coastal zones, employing around 272,174 people in 2011, leading to a high economic dependency on tourism (e.g., the Canary Islands) [91]. Regarding non-renewable industries, fisheries, aquaculture, and oil and gas industries were considered. The fisheries industry presents a declining trend, affecting the state of associated provisioning services [91]. In contrast, the aquaculture industry has a growing trend, particularly in Galicia [97]. Data for offshore oil and gas were limited, but for 2010, it is estimated that this sector had a revenue of 16 million Euros [91].



	
Dependency: To assess the level of economic dependency on coastal resources and assets, the percentage of workforce per sector was used. According to a Eurostat analysis on European coasts, in 2010, about 10% of the workforce was engaged in the fisheries, agriculture, and forestry sectors in Spanish coastal zones. On the other hand, around 70% of the workforce was employed in the services sector, where tourism-related activities are predominant [98]. This output points out to a larger dependency on non-extractive activities (e.g., tourism).







4.1.4. Governance and Policy


	
Organization: Citizen participation and interest were analyzed by the existence and typology of civil society associations and NGOs, which indicated that public participation in coastal governance is still below ideal. Only a few environmental-related associations and NGOs are dedicated to coastal-related issues. Many Autonomous Communities have mechanisms to stimulate public participation in environmental issues, a right that is safeguarded by the national Law 27/2006 of 18 of July.



	
Law and justice: In 2010/2011, the coastal zone was regulated by the Law 22/1988, known as “Law of Coasts” (Ley de Costas), which establishes limits of the public domain, aiming to avoid private uses and re-establish public access where needed. It also included the classification of dunes and cliffs as public domain. This brought controversy due to the properties built and acquired before the legislation came into force that were converted into State property [99]. The legislation was criticized by the European Parliament, as it led to social instability by penalizing property owners due to actions of the Central Government, Autonomous Communities, and municipalities that allowed the unsustainable occupation of the coast in the first place. The law’s text was periodically altered before being substituted by a new law in 2013—diminishing the protection limit [94,99]. No normative instruments were found in any of the Autonomous Communities to regulate the adoption of the Integrated Coastal Zone Management (ICZM) [95]. Given the decentralized character of the government system, the existing coastal policies are extremely sectorized, where conflicts of interest between the different spheres of power often arise [100].



	
Representation and power: Analyzing the World Bank indicators on Government Effectiveness and Voice and Accountability, Spain obtained good scores in 2011 [76]. Non-economic interest associations have been reported to have difficulty in influencing decision-making with relevant policy proposals [101], acting as a barrier to promotion of public participation [95]. The activist group “Greenpeace España” has released reports on the state of coastal ecosystems in Spain, such as “A toda costa”, reporting the excessive urbanization in Spanish coasts and demanding restoration actions by the public administrations [102].



	
Legitimacy and accountability: This category measured legitimacy and accountability at a general level, not specifically regarding coastal issues. Using the World Bank indicators [76], for 2011, Spain scored 82 in Control of Corruption, which can be considered a good score.



	
Resource management: Coastal management in Spain is characterized as sectorized within government administration, leading to a lack of policies at the national or Autonomous Community level to enforce ICZM, exacerbated by the 2008 crisis [95]. The Spanish Ministry of Agriculture, Food, and Environment (formerly named MAGRAMA) suffered a cut of around 50% to its funding [90]. According to the Spanish National Ecosystem Assessment, around 70% of the coastal ecosystem services in the country are being poorly managed, highlighting the failure of current coastal management plans to conserve these ES [88].







4.1.5. Case Study Discussion


The outcomes of the case study presented through CCS for Spain have shown how the status of coastal biophysical boundaries is related to the declining provision of coastal ecosystem services, with consequent impacts on the well-being of human communities that depend on these. For example, analysis across the Alteration of Landscape category highlights how human settlements and infrastructures are more vulnerable because coastal protection services cannot properly attenuate the impacts of extreme events. This is a product of massified urbanization, where 10.48% of the national territory in a 10 km coastal strip has been altered through land reclamation, construction on dunes, and draining of wetlands. These alterations and the presence of shoreline-hardening infrastructures disrupt sediment fluxes, leading to erosive processes on the coasts, which also pose a risk to human settlements [103]. The analysis showed a considerable loss of coastal and marine species in Biodiversity Loss, a sub-category of Ecosystem Function, which can be attributed to overfishing and habitat loss and translates into diminished food security due to a decline of provisioning services, impacting human well-being. Economically, it impacts the subsistence of livelihoods based on traditional fisheries, fragilizing this economic activity. The unsustainable management of fisheries resources, allowing overfishing and habitat destruction based on weak policies, contributes negatively to the perpetuation of this [104].



The CCS also illustrated possibly contrasting links between certain economic activities; for instance, an increase in aquaculture fosters food security and job creation, but can be a source of pollution through the release of effluents. The CCS also demonstrated how, while non-extractive sectors may be important sources of revenues to the coastal economy, this can lead to undesirable social and economic outcomes, such as low availability of affordable and long-term housing for local people as many properties are converted into vacation accommodations. This pressures the real estate market with the low offer of long-term properties and leads to speculative prices, negatively impacting the capacity of locals to rent or buy properties in their own cities [105].



The strong decline shown in sub-categories related to provisioning and regulating services from coastal ecosystems, in contrast with those for cultural services related to environmental education and scientific knowledge, showed that a lack of knowledge transference within public administration and public participation is a significant issue for effective coastal management [4,95]. The outcomes of the CCS also highlight challenges in adopting strategies to meet national obligations under the 2030 Agenda and the Sendai and Aichi frameworks [90]. Future projections based on the analysis point to environmental, social, and economic risks if no progress towards integration between the different spheres of coastal management is made and conservation plans are not prioritized. Low progress towards coastal protection and climate change adaptation and low diversification of industries are also a concern if the current trend is followed [90].






5. Conclusions


The need to enhance the integrative character of analytic frameworks is critical to address the complex relationships between marine sustainability and human well-being and to inform policy and decision-making for sound management [106]. The application of the case study highlighted how coastal managers can use the CCS as an integrative framework to guide and focus attention towards priority areas and achieve overall sustainability management across all four pillars of sustainable development. The CCS demonstrates how the classic trade-off between economic and environmental activity can be reformulated as a conflict between the short- and long-term demands and that economic problems do not have purely economic solutions, nor do environmental problems have purely environmental solutions [42]. The results presented here demonstrate that solutions to societal problems must address the society and its relationship with nature as a whole.



The graphical representation of the CCS facilitates the visualization and interpretation of results, simplifying communication between stakeholders from different backgrounds and sectors. The framework also illustrates how degradation of coastal ecosystem services can impact human well-being, and how power relations, its overlaps, and conflicts can influence management and contribute (or not) to the sustainability status of both ecosystems and human well-being. The CCS does not attribute overall ‘scores’ in order to provide focus on a holistic analysis of the multiple and inter-related domains of any specific coastal zone. This aspect also illustrates how definition of categories and sub-categories is important, and the application of averaging across sub-categories should be used with care: Integration across the sub-category of economic well-being in the Spain case study led to a good evaluation of the category, as the outcome for housing contrasted with those for the other sub-categories (Equality and Income).



Similarly to other assessment frameworks, the availability of up-to-date data on environmental monitoring is one of the main challenges for the framework’s application, especially in developing countries, where sampling can be discontinuous and/or absent. Many existing databases for social and economic data, such as from the World Bank, offer a wide range of information for national scales. Regional data are subject to the vagaries of national databases, whose availability and quality may vary widely depending on the country. To address this issue, in addition to using the sub-categories as a guide to source appropriate indicators, a selection of indicators for each category are suggested that do not aim to limit the framework application to a single scale. The use of indicators that better represent the local area is therefore encouraged to be decided upon the judgement of the coastal manager and the data available.



The sustainability challenges of coastal zones are intertwined and interconnected across time, space, organizational level, and subject realm. Linking seemingly disconnected information and understanding threshold levels for change across different disciplines is critical for holistic and integrated policy and management decisions [19,35,107,108]. However, many studies differentiate between different perspectives of global change—such as distinguishing between ecosystem services, environmental footprints, or planetary boundaries [33]—so that information for management is often focused on single issues. This means that the interplay between different domains of interest and development strategies is not resolved [109,110]. CCS is presented as a tool that presents to policy-makers and managers the status of all four critical domains for sustainable development, and to provide an assessment methodology for measuring progress towards sustainable pathways [111] for development of the world’s coastal zones.
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Figure 1. Framework organization summary. The framework is represented in the center; on the left side is the transdisciplinary content that it intends to include in the assessment, as well as the frameworks used in its creation, and on the right side is the policy goal that it is based on. 
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Figure 2. Graphical representation of the of the CCS showing the domains (in the quadrants) and categories (in the rectangles), which provide descriptors of critical criteria for coastal sustainability. 
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Figure 3. Environment and Ecology domain categories (in blue) and sub-categories (in green). 
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Figure 4. Social and Cultural domain categories (in blue) and sub-categories (in green). 
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Figure 5. Economics domain categories (in blue) and sub-categories (in green). 
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Figure 6. Governance and policy domain categories (in blue) and sub-categories (in green). 
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Figure 7. Example of a graphical representation of the circles of coastal sustainability (CCS) framework. The goal of sustainability is at the center of the circle, the ‘bull’s eye’. 






Figure 7. Example of a graphical representation of the circles of coastal sustainability (CCS) framework. The goal of sustainability is at the center of the circle, the ‘bull’s eye’.



[image: Sustainability 12 04886 g007]







[image: Sustainability 12 04886 g008 550] 





Figure 8. The CCS resulting from an analysis of the coastal situation in Spain. 
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Table 1. Summary of key guiding frameworks analyzed during the development of the Circles of Coastal Sustainability (CCS).
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	Framework
	Authors
	Approach
	Key focus
	Limitations





	Planetary Boundaries (PB)
	Rockström et al. [35], Steffen et al. [36].
	Assessment of the state of biophysical thresholds at a planetary level.
	Focuses on biophysical processes, measuring thresholds.
	Does not include social, economic, and political aspects that ultimately drive the root causes resulting in the transcending of identified boundaries.



	Ocean Health Index
	Halpern et al. [29]
	Assessment of the state of the world’s oceans considering environmental, social, and economic variables.
	Focuses on indicators relating ecosystem services to socio-economic aspects of ocean and coastal spaces and interdependency with human well-being.
	Does not provide an analysis of the governance and policies related to coastal zones.



	Circles of Sustainability Framework
	James et al. [23]
	Assessment of sustainability in urban settlements integrating social, political, economic, and environmental spheres.
	Focuses on assessing sustainability and on managing projects directed towards socially sustainable outcomes. Is mostly used for cities and urban settlements.
	It was developed for urban applications, and does not offer a specific approach to coastal areas.



	How’s Life?
	OECD [37]
	Assessment of the promises and pitfalls for people’s well-being, highlighting the inequalities across OECD’s countries.
	Exposes divisions according to age, gender, and education to deliver an assessment of people’s well-being using about 50 indicators.
	Assesses socio-economic indicators only, aimed specifically at evaluating human well-being.



	Doughnut of Social and Planetary Boundaries (Safe and Just Space Framework)
	Raworth [24,38]
	Combination of PB and social thresholds, defining a “safe” space for human development within the doughnut.
	Focuses on the social and ecological as two domains that underpin human well-being. Provides an important critique of literature on the interdependency between social shortfall and ecological overshoot.
	Provides a holistic complement for the Planetary Boundaries framework by adding social and economic thresholds; it is general and not specific for coastal assessments.



	Ecosystem

Services Framework
	Atkins et al. [39]
	Highlights the long-term role that healthy ecosystems play in the sustainable provision of human well-being, economic development, and poverty alleviation.
	Focuses on how the efficient and effective management of ecosystems (living natural capital) can sustain the provision of vital ecosystem services.
	Is often used to assess individual services, failing to provide a holistic outlook.
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Table 2. Indicator sets used for the selection of indicators for the CCS domains, categories, and sub-categories.
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Domain

	
Indicator Set Consulted

	
Category/Sub-Category

	
Suggested Indicators






	
Environment

	
Ecosystem Indicators for Coastal and Marine Ecosystem Services [72]

SDG indicators (Targets 6.6; Goals 13 and 14) [73]

Sendai Framework [74]

U.S Environmental Protection Agency [75]

Planetary Boundaries [36]

	
1.Alterations of landscapes




	
Land

	

	
Land cover (coverage of unaltered beach and dune systems, aquaculture, agricultural land, built-up surfaces, impermeable surfaces, protected areas)



	
People and assets at risk in coastal areas









	
Sea

	

	
Land reclamation



	
Change in natural seascape



	
Change in the extent of water-related ecosystems over time



	
Existence and extension of Marine Protected Areas (MPAs)



	
Presence of offshore development activities









	
Shoreline

	

	
Change in extent of natural barriers (% cover, ha)



	
Presence of shoreline-hardening infrastructures









	
2.Ecosystem function




	
Biodiversity loss

	

	
Species diversity and abundance, rate of native species extinction



	
Invasive species diversity and abundance



	
Change in area of habitat (per ha)









	
Services

	

	
Area of wetlands located in flood risk zones



	
Natural hazard regulation



	
Carbon sequestration









	
3.Global environmental change




	
Climate change

	

	
Ocean acidification trends



	
Changes/predictions in sea level



	
Atmospheric/ocean heat/sea surface temperature changes over time









	
Natural change

	

	
Effect on climate parameters (temperature, rainfall, wind)



	
Frequency of extreme events over time (floods, storm surges, hurricanes)



	
Coastal flooding frequency and extent









	
4.Shifts in hydrodynamics




	
Waves and tides

	

	
Current speed and direction (m/s)



	
Tidal range (m)



	
Wave height (m)









	
5. Biogeochemical and physical flows




	
Nitrogen and phosphorus

	

	
Nutrient load to coast (ton/yr)



	
Nitrogen concentration (mg/L)



	
Phosphorus concentration (mg/L)



	
Oxygen – Redox









	
Carbon

	

	
Quantity of primary production (g C per unit area/volume)



	
Carbon sequestration



	
Auto-/heterotrophic systems









	
Freshwater cycles

	

	
Volume of freshwater



	
Level of water stress: Freshwater withdrawal as a proportion of available freshwater resources









	
Sediment cycles

	

	
Erosion/accretion patterns over time









	
Social and Cultural

	
Ecosystem Indicators for Coastal and Marine Ecosystem Services [72]

How’s life? Framework [37]

World Development Indicators [76]

SDG indicator 6.1 [73]

SUSTAIN indicator set [77]

Ocean Health Index [55]

Indicators Guidelines [78]

Social Progress Index [79]

FAO 2017 [80]

Halpern et al. [81]

Ocean Health Index [82]

O’Neill et al. [65]

United Nations 2012 [83]

Depietri et al. [44]

Mangroves for the future [84]

	
1. Societal benefits




	
Goods and services

	

	
Nutrition from seafood consumption (g protein/year or g protein/year/head or per household);



	
Nutrition from non-human seafood consumption (g protein/year)



	
Number of people/businesses who rely on ornamental artifacts (no.)



	
Quantity of biomass harvested for energy production









	
Bathing water quality

	

	
Proportion of population without access to improved sanitation facilities (as a proxy for pathogen contamination)



	
Percentage of population served with wastewater systems



	
Land-based organic pollution [80], land-based inorganic pollution (based on run-off from impermeable surfaces), ocean-based pollution based on commercial shipping and port traffic [81,82]









	
2. Demographics




	
Population/age structure/trends

	

	
Percentage of total population living in coastal zones *



	
Healthy life expectancy



	
Demographic dependency









	
Migration and immigration

	

	
Coastal population growth progression









	
Social class

	

	
Average household income



	
Percentage of population at risk of poverty



	
Percentage of population with a higher education qualification



	
Ratio of first to second and holiday homes









	
3. Social well-being




	
Recreation and access

	

	
No. of transportation means and percentage



	
Percentage of designated bathing beaches with lifeguard provision during the bathing season









	
Food and water security

	

	
Undernourishment



	
Proportion of population using safely managed drinking water services



	
Saltwater intrusion occurrence









	
Health

	

	
Percentage of inhabitants within 10 km or 30 min of a hospital.



	
Deaths from infectious diseases



	
Coastal water quality









	
4. Identify




	
Sense of place/Sense of self

	

	
No. of tourist/resident population/year



	
No. of visitors to cultural and natural sites per annum









	
5. Social resilience




	
Vulnerability

	

	
Social cohesion



	
Age, disability, and gender









	
Education

	

	
Literacy rate of adult population (%)



	
Secondary education gross enrollment ratio



	
Environmental awareness









	
Economics

	
World Development Indicators [76]

SDG indicators [73]

Ocean Health Index [55]

Ferrol-Schulte et al. [70]

Mangroves for the future [84]

Indicators Guidelines [78]

SUSTAIN indicator set [77]

Social Progress Index [79]

OECD [85]

	
1. Security




	
Livelihoods

	

	
Percentage of yearly livelihoods (fishing, fish processing, tourism…)



	
Percentage of seasonal livelihoods



	
Access to credit, savings, and insurance



	
Dependency on coastal services



	
Access to social security









	
Gender

	

	
Percentage of women employed









	
Employment patterns

	

	
Unemployment (by gender)



	
Vulnerable employment



	
Seasonal employment









	
2. Infrastructure




	
Energy supply

	

	
Share of energy generated from renewable sources



	
Percentage of population with access to energy









	
Transport

	

	
Percentage of passenger km using something other than private car



	
Percentage of goods transported through ports and by train









	
Access

	

	
Existence of ports, airports, and bus stations



	
Existence of roads, waterways, and channels



	
Existence of walking paths









	
3. Economic well-being




	
Equality/Income/Housing

	

	
Gini index



	
Household prosperity



	
Availability of affordable housing









	
4. Industry




	
Renewable (non-extractive)

	

	
Number of economic activities



	
Revenue per sector









	
Extractive

	

	
Number of economic activities



	
Revenue per sector









	
5. Dependency




	
Resource

	

	
Percentage of the overall employed workforce by sector



	
Percentage of coastal-dependent jobs



	
Livelihood dependency on coastal ecosystem services









	

	

	
Diversity

	

	
Degree of livelihood diversification









	
Governance and Policy

	
World Development Indicators [76]

SDG indicators (5.5) [73]

Depietri et al. [44]

	
1. Organization




	
Civil and NGOs

	

	
Social cohesion



	
Existence/number of environmental-oriented collective action groups



	
Existence/number of environmental-oriented NGOs









	
2. Law and justice




	
Legislation

	

	
Existence of legislation to rule over coastal and marine resources, occupation, litter, wastewater disposal, etc.









	
Efficacy

	

	
Existence of protected areas



	
Regulatory quality in coastal issues









	
Enforcement

	

	
Rule of law (World Bank, 2016)



	
Environmental conflict resolution and mediation quality









	
3. Representation and power




	
Effectiveness

	

	
Government effectiveness



	
Voice and accountability in environmental issues



	
Number of women occupying representation posts









	
4. Legitimacy and accountability




	

	

	
Democratic quality



	
Corruption control









	
5. Coastal management




	
Plans and management

	

	
Environmental management decentralization level



	
Existence of regulations over fishing, coastal development, aquaculture…



	
Occurrence of stakeholder conflict over coastal resource use
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