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Abstract

:

Coastal climate change impacts challenge policy and decision makers to adopt more effective adaptation measures. The ecosystem-based management approach can shift adaptation towards a more holistic, integrated and sustainable path. However, as countries work on strategies to adapt to climate change, the questions of if and how such agendas consider and operationalise ecosystem-based management remains. As one of the world’s largest coastal countries, Brazil can have a prominent role in advancing the implementation of ecosystem-based management to coastal zones. By analysing two national Brazilian climate change adaptation institutions, this article evaluates and discusses the country’s advances in promoting climate change adaptations based on ecosystem-based management principles. Our findings show that, although Brazil has incorporated many ecosystem-based management principles to climate change adaptation at the national level, greater attention should be given to operationalizing principles related to acknowledging uncertainties, sustainability, democracy and knowledge production and application. The challenges to implement these principles mirror historical challenges of Brazilian coastal management policies, such as balancing development and conservation, promoting social participation and implementing effective social-ecological assessments and monitoring programs. Policy makers, scientists and communities should be aware of the need to strengthen ecosystem-based management principles in the current adaptation agenda in order to enhance its capacity to foster adaptation and just coastal sustainability.
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1. Introduction


From the iced Antarctic lands, through the tropical forests, and reaching the austral tundra, no environment on Earth is free from climate change (CC) impacts. However, the devastation is more evident in coastal zones, where diverse and fragile ecosystems and unique ecosystem services and resources are threatened by human activities and CC [1,2]. CC affects sea level, wind and wave regimes, increases the number of extreme rainfall and temperature events, changes ocean water properties and lowers river basins contributions for sedimentary balance [3]. As a result, it may increase erosion and social–environmental vulnerability, incur property, lives, habitats and biodiversity losses, impair water availability by groundwater salinisation and threaten traditional cultures [2,4]. Therefore, management measures are pressing [4] and coastal development and governance must adapt to CC to prevent drastic environmental and livelihood consequences [3,5].



In simple terms, adaptation means the “process of adjustment to actual or expected climate and its effect” [6] (p. 1578). Effective CC adaptation relies on the ability to promptly respond to changing social–ecological contexts, maintaining the ecosystem capacity to deal with changes [7]. It demands sound ecosystem knowledge from multiple knowledge systems [6], strategic long-term preventive actions [8] and constant monitoring to identify necessary management improvements [9]. Additionally, management focused on adaptation requires cross-level coordination to implement national policies at the local level, mainstream local adaptation to national and global initiatives [10,11,12], and overcome barriers related to institutional and social dimensions [13].



Ecosystem-based management (EBM) represents a promising approach to foster adaptation to CC [4,14]. Long et al. (2015) defined EBM as an interdisciplinary approach that balances ecological, social and governance principles at appropriate temporal and spatial scales. EBM recognises coupled co-evolving social–ecological systems and aims to involve stakeholders and knowledge systems in an integrated and adaptive process where systems’ boundaries and management proposals reflect societal choice [15] (p. 59). Scientific literature has discussed and reported EBM application worldwide [15,16,17,18,19,20,21,22], including its relation to CC [11,23]. However, EBM implementation is still incipient for coastal and marine areas and requires a better understanding of its application in policy-making [24].



If EBM is to guide CC adaptation, the related policies, plans, programs and projects must be compatible with its logic and principles. Thus, including EBM at the foundation of public policies would be the first step to promoting and guiding action [24,25]. Although under different nomenclatures, many international agencies advocate and have included EBM in norms and proposals [26,27]. Even though many environmental policies and plans consider EBM principles, subtle and blurred references to such principles can undermine its implementation [27] since the lack of understanding of what EBM entails and how it translates into actions are still barriers to be overcome [24,25,27].



Implementing CC adaptation in consonance with a holistic and integrative approach such as EBM can be an extra challenge for Brazil. This Global South country holds a high social–environmental vulnerability due to its extensive coastal zone, regional inequalities, vulnerable cities, limited information, deficient governance systems and limited adaptability [28,29,30]. As sea level rises over the large and prominent Brazilian coast, worsening its high social–environmental vulnerability, innovative CC adaptation is an urgent and overlooked necessity. However, as for many other recent CC adaptation instruments, it is still unclear if EBM principles guide policy-making and are sufficiently clear to support its implementation [27]. To address this gap and contribute to the discussion on how to move EBM from discourse to practical management actions, this article aims to evaluate if and how two planning instruments for CC adaptation in Brazil consider EBM principles. Based on an exploratory analysis, we discuss how EBM principles are considered or neglected in Brazilian CC adaptation strategy and how this can affect EBM implementation.



Although Brazil has incorporated many EBM principles to CC adaptation instruments at the federal level, there is still a need to include and operationalize Sustainability, Democracy and Knowledge principles. Our findings clarify where efforts should be targeted to promote ecosystem-based CC adaptation in Brazil and bring new insights to the worldwide discussion on operationalizing EBM principles.




2. Climate Change Policies in Brazil


The Brazilian coast has approximately 8500 km and encompasses many ecosystems such as sandy beaches, mangroves, rocky shores, estuaries, reefs and dunes [31]. It holds a prominent role in the national economy, concentrating ports, industries and a significant contingent of the population [30,32], all of which are under the threat of rising sea levels [28,32]. The Brazilian coast has large areas affected by an urbanisation process characterised by unequal access to public services and unbalanced income distribution, leading to precarious and informal settlements [33,34]. The poor land use planning and flawed management increase the vulnerability of this region, which is already facing CC impacts related to an increase in raining periods, flooding, coastal erosion and landslides [28,35].



Despite the urgency, adaptation to CC is an unconsolidated agenda in Brazil [3]. In the country, CC adaptation is under the National Policy on Climate Change (Law 12.187/2009), and its main instrument is the National Plan for Adaptation to Climate Change (PNA, in Portuguese) [36,37]. The PNA was developed by federal ministries in collaboration with state governments and the private sector, with the main goal of reducing CC’s risks and vulnerabilities through strategic shifts in the social, natural, economic and infrastructure systems. It follows the United Nation Environment Program (UNEP) “ecosystem-based adaptation” proposal, broadly defined as an adaptation process that considers the role of ecosystem services in reducing the climate change vulnerability in multi-level societal and sectoral scales [23,38]. Although the ecosystem-based adaptation definition diverges from EBM, it includes many EBM principles [38], thus setting a means to implement EBM.



In the two volumes that comprise the plan, the PNA provides the directives and principles to CC adaptation and guides actions at sub-national levels through a strategic approach to planning considering 11 different themes: agriculture, biodiversity and ecosystems, cities, natural disasters, industry and mining, infrastructure (energy, transport and urban mobility), peoples and vulnerable populations, water resources, food and nutritional security and coastal zones. Each sectoral strategic approach is guided by individual goals. The coastal zone is the only spatially defined sector, given its strategic importance and vulnerability to CC impacts. The general goal of coastal zone adaptation is to develop climatic resilience based on a reliable diagnostic of CC impacts and vulnerabilities of specific coastal sectors.



The PNA guidelines for the CZ are materialized through other programs and projects to be implemented by different organizations and on different levels, as the National Program for Coastline Conservation (Procosta, in Portuguese) [39]. The Procosta is a permanent program for territorial planning and management. Its main goal is to generate nationwide data about coastal ecosystems and CC impacts to foster CC mitigation and adaptation alternatives at the local level. The actions of the program are organized in four strategic subprojects to define a common reference level for the coastline, develop a computer model for future CC scenarios, assess and develop strategies to face potential social–environmental and economic coastal risks and establish a long-term monitoring and management system for the coastline.



The PNA and Procosta are the foundation stones for the coastal zone’s national adaptation strategy and guide programs and projects at other administrative levels. Both instruments present a general guidance (principles, directives and goals) and a propositive section (actions, outcomes and indicators). To foster EBM, these instruments are expected to provide enough clarity on how to apply its principles. Based on this assumption, our exploratory analysis focused on the two documents to discuss which (and how) EBM principles are considered in Brazil’s CC adaptation strategy.




3. Methods


Our analysis considered 15 key EBM principles identified by Long et al. [15]. Principles were defined and discussed among authors to provide consistency to the analysis and grouped into six categories: Sustainability, Ecological, Management, Democracy, Knowledge and Scale (for more information, see Supplementary Materials). For CC adaptation strategy, we considered specific General Guidance and Propositive sections in both PNA and Procosta, with a focus on coastal areas (Table 1).



The documents were read first to identify sections and determine which principles should be incorporated into which section, considering sections’ objectives. The “Decisions Reflect Societal Choice” principle was not considered as applicable to Procosta, given the instrument’s focus on technical and scientific data. All the other principles were considered as applicable, including “Decisions Reflect Societal Choice” for PNA.



Following Guilhon et al. [27] and Gelcich et al. [25], the content analysis involved examining the text to identify the presence (explicit or implicit) of EBM principles. Extracts relating to the principles were ranked according to predefined scores: 0 if the principle should appear in the document/section but was not identified, 1 if the principle was indirectly/implicitly mentioned, 2 if the principle was directly/explicitly mentioned and easily identified (see Supplementary Materials for examples of extracts classified as 1 or 2).



The document sections underwent a two-step analysis consisting of individual content analysis, clarification and ranking of extracts and collective discussion to reach consensus. This was done twice for each document. First, the number of extracts ranked as 1 or 2 for each section and instrument was computed for each principle. The scores were reduced to one value for principle (considering the higher value). Second, divergent classifications for a single principle (i.e., a single principle received two different scores for the same section/document) were registered. Final classifications were represented as radar charts (Figure 1).




4. Results


The PNA explicitly mentioned all EBM principles, except “Acknowledge Uncertainty”. However, a separate analysis of the General Guidance and Propositive sections showed that the inclusion of principles was not consistent throughout the document. For example, the General Guidance section failed to include the “Account for Dynamic Nature of Ecosystems” principle, and the Propositive section lacked the “Distinct Boundaries”, “Sustainability” and “Decision Reflecting Societal Choice” principles (Table 2). Both sections of the documents mention most principles explicitly, except for “Appropriate Monitoring” and “Appropriate Spatial and Temporal Scale”, which were identified only as implicit in the General Guidance section.



As an instrument to operationalise the PNA in different levels, Procosta includes the same EBM principles considered as applicable to PNA, except “Decision Reflect Societal Choices”. Following PNA, Procosta lacks the “Acknowledge Uncertainty” principle, while most principles were explicitly mentioned (Table 2). Both “Sustainability” and “Adaptive Management” principles, ranked as implicitly mentioned for the document, were only present in one section. “Sustainability” was identified in the General Guidance section but was absent from the Propositive one, and “Adaptive Management” was identified only in the Propositive section.



The analysis of the percentage scores (% of explicit and implicit mentions) evidences the potential for practical EBM implementation by the two CC adaptation instruments (Figure 2). Considering the instruments as a whole (Figure 2a,b), the frequency of explicit mentions to EBM principles was higher than the implicit ones, especially for Ecological and Management categories in both Documents and Scale categories in Procosta. For the Propositive sections, note that no explicit mentions to the “Sustainability” principle were identified. PNA Propositive sections followed the trend observed for the entire document. It considers the Ecological and Management categories but references to the principles of “Sustainability”, “Decisions Reflects Societal Choice”, “Acknowledging Uncertainty” and the “Recognition of Distinct Boundaries” were not identified (Figure 2b). Thus, the Procosta Propositive section diverged little from the entire document.




5. Discussion


Our analysis of the PNA and Procosta shows that EBM principles are a structuring part of the Brazilian CC adaptation agenda. The documents translate most principles into goals and actions enabling EBM for CC adaptation in coastal areas. However, more than evidence of the principles’ presence, our analysis calls attention to those absent or poorly represented instruments. Improving the potential to operationalise EBM for CC adaptation requires increasing the applicability of all principles and categories. Focusing on each instrument’s propositive sections, it is noticeable that while Ecological and Management categories are usually explicitly mentioned, greater attention must be given to Democracy, Knowledge and Scale categories when moving from theory to practice.



With the consolidation of the EBM agenda, global agencies and commitments recognise its potential to promote sustainability and advocate for its implementation [26,40]. According to th Convention of Biological Diversity Secretariat, “There is no single way to implement the ecosystem approach (…). Indeed, there are many ways in which ecosystem approaches may be used as the framework for delivering objectives of the Convention in practice” [41] (p. 6). Thus, EBM should be adapted and applied to several social–ecological contexts and scales and translated from international agendas into policies at the national and sub-national levels; thus, governmental commitment is crucial.



For its explicit reference to UNEP’s “ecosystem-based adaptation” approach and potential to link sectoral policies and stakeholders under a common goal, the PNA is a pioneering legal instrument to promote EBM. National surveys have reported a few initiatives to implement EBM in Brazil; among them, the ones related to CC adaptation are expected to trigger a new cycle of EBM implementation [23,42]. However, if not translated into practical and focused actions proposals, goals are insufficient to promote management and sustainability changes.



Translating EBM principles into operational management measures is an effort faced by managers, scientists and other interested practitioners [24,25]. In theory, explicit reference to EBM principles in sound directives and guidelines to be implemented at different administrative levels can lower the chances of misinterpreting or disregarding a principle when translating it into actions [27]. Thus, although policy implementation is a more complex process, and analysing it involves considering all policy cycle phases and political wills [43], understanding if and how key instruments address EBM shed light on possible pathways to advance with the process.



The analysis of both instruments’ percentage scores (Figure 2) reveals an imbalance between categories with more explicit mentions than others, with remarkable similarity considering General Guidance and Propositive sections. As an instrument that operationalises the PNA, we expected that Procosta would provide more explicit mentions of EBM principles, especially for its Propositive section. However, results show that while Procosta has advanced in providing more detailed guidance for the Scale category, explicit mentions to other categories were less frequent than in PNA.



The first thing that calls for immediate action is that references to the “Sustainability” principle are absent in the Propositive sections of both documents. However, this is a foundational principle for PNA. The term sustainability indicates the desired state in which there should be a balance from the environmental, social and economic goals maintained over the generations. Given the sustainability principles’ central position in current development discussions (as in Agenda 2030 [40]) and the very general and broad nature of the definition applied in this analysis, it was expected that this principle would be explicitly mentioned in all sections of the documents.



Our results, however, show that the proposals for actions failed to address the multiple aspects of sustainability, including equity and justice, which highlight the social dimension within the just sustainability approach [44]. Although references to environmental sustainability are recurring, and the documents tackle sustainability’s social dimension, no proposal for action addressed the three dimensions at once. In PNA and Procosta, proposals for actions have a stronger technocratic and positivist perspective detached from a value-based discussion. Other guideline documents based on sustainability principles have been shown to fail to provide an explicit recommendation to apply such principles [27]. Even for sustainability science, a focus on environmental aspects of sustainability hinders interdisciplinarity [45]. Moving from discourse to holistic sustainability practices is a challenge faced by practitioners worldwide [44], one that the PNA has a minimal contribution to overcome.



The prevalence of explicit mentions of the Ecological category reflects the focus on ecological sustainability. The maintenance and restoration of ecosystems and their services are central to the adaptation approach based on ecosystems [38] and a priority target for the ecosystem approach [41,46]. EBM ecological principles are commonly explicit in environmental management policies, even if only as a foundational theoretical concept [23,27]. However, for existing Brazilian coastal management policies, their presence is not sufficient to promote EBM [47].



Indeed, EBM Ecological and Management categories are shared by many management frameworks and appear in many policies, regardless of their direct relation to the EBM approach. For instance, Brazilian’s National Coastal Management Plan (Federal Law 7661/1988) is based on the Integrated Coastal Management Framework that advocates for Integrated and Adaptive Management [48]; other federal legislation dwells on the need for integrated and adaptive management, as the Water and Energy policies or the National Strategic Plan for Protected Areas [47]. The presence of such Management category in the General Guidance and Propositive sections reinforces their commitment and a strong emphasis on “Appropriate Monitoring” to guide actions. Monitoring is crucial to CC adaptation [49], and the Procosta itself embodies this recognition as an instrument to generate data to support action.



The low percentage scores of the Democracy and Knowledge categories in both documents also reflect the underrepresentation of social and economic aspects of sustainability in the instruments. Although both instruments recognised the interconnection of human and ecological dimensions—related to the “Recognise Coupled Social-Ecological Systems” principle—by incorporating the concept of ecosystem services [50,51], the need to actively promote stakeholder involvement as to incorporate societal choices in adaptation policies is undervalued. The broadened definition of the “Stakeholder Involvement” principle applied in this analysis resulted in a high percentage of explicit mentions of this principle that conceals that proposed involvement is limited to information sharing.



Information sharing is a basal technique for democratic practices and is essential to raise social awareness towards CC. However, spinning the wheel of participation towards more active social involvement is necessary when planning for CC in the Global South [3,52]. More inclusive planning processes correspond to higher climate equity and justice outcomes in the short term [5]. Involving stakeholders in the public decision-making process is a challenge that requires managing representativeness, access to resources, transparency and power (im)balance, enforcement and inclusion of usually marginalised populations [53,54]. In Brazil, coastal management processes deal with this challenge [55,56], exacerbated by the high social vulnerabilities and the unbalanced distribution of richness in the coast [33]. Although some advances exist, recent retrocession in environmental practices jeopardizes the rights for social participation [54]. With the implicit mentions on how to actively involve stakeholders in PNA and Procosta actions, these instruments have limited contribution to advancing democratic practices.



Of the many social sectors that must be involved in adaptation policy-making, the academic sector finds more room for participation, if only in paper, given the recognition of the importance of the use of interdisciplinary scientific knowledge on PNA and Procosta. CC impacts natural processes and may intensify natural hazards [2,3]. Management strategies need information on such natural processes to identify and predict the impacts of CC. A more exhaustive comprehension of how ecosystems vary across space and time, through environmental baseline studies, may offer more reliability on if and how CC impacts the ecosystems, their functions, and, consequently, the ecosystem services provided by them. This is one of the purposes of the Procosta; nevertheless, the percentage score for the Knowledge category was relatively low for the documents analysed.



The “Acknowledge Uncertainty” principle was the only principle absent in both instruments. Uncertainty is an intrinsic characteristic of the Anthropocene’s complex problems [57,58], especially considering CC [59,60]. Uncertainty manifests itself in various ways, such as the lack of knowledge on aspects of the social–ecological ecosystem, the impacts and consequences of CC and management actions to adapt to them and their consequences [41,61]. Acknowledging and finding new practices to quantify (when possible), communicate and make decisions in the face of uncertainty is a crucial management need [49,55,61]. Considering the dynamics and innumerable interactions of social–ecological systems, “planning becomes the management of uncertainty—dealing with non-linear coupled human-nature systems and making preparations for changes and surprises” [62] (p. 101). Dealing with uncertainty is a critical component of EBM and strongly relates to other principles, such as “Adaptive Management” [41,61]. Structuring a national plan for adaptation without acknowledging existing and future uncertainties may interfere with the overall adaptation strategy.



Communicating and dealing with uncertainty is also central for the science-policy interface and the application of scientific knowledge in climate policy [63]. It is interesting to note that implicit mentions of the use of scientific knowledge account for half of the extracts in PNA and more than eighty per cent in Procosta (Figure 2c,d). In practice, however, the instruments rely on the collaboration between research organisations and governmental agencies. The Rede Clima, a national research network to produce and disseminate climatic information that can assist in public policy formulation, has a sub-group that focuses on specific coastal demands and works to support PNA implementation [64]. Since its launch, the small advances registered for Procosta implementation are supported by research projects across the Brazilian coast [65]. These initiatives are affected by historical and ongoing investment cuts [66,67] that menace the instrument’s effective implementation.



Procosta explicit references to the Scale category are an advancement in their application of an adaptation strategy. Scale mismatch between social and ecological processes is a recurring challenge in social–ecological systems’ study and management [68,69]. Boundary setting entails physically defining a system, giving meaning to the situation, and defining what should be considered for management purposes [70]. Many marine resources and ecological processes that support human well-being transcend political boundaries [70,71]. Defining appropriate scales and considering scales and cross-scales, interplay is fundamental to environmental management [68,69]. It can be supposed that, by considering the Coastal Zone as a theme subject to specific attention in the PNA, the document acknowledges its boundaries’ singularities. Nevertheless, to guide EBM implementation, it would also be necessary to allude to such a category in the Propositive sections explicitly. Procosta addressed this issue with prevailing explicit mentions, but the lack of clarity to guide implementation on the instrument may impair other sectoral programs related to the PNA.



Our analysis shows that, although Brazilian federal instruments to CC adaptation explicitly reference EBM principles, the unbalanced focus in some principles’ categories impair such instruments’ capacity to foster EBM. The explicit reference to the ecosystem approach to CC adaptation alone demonstrates the national adaptation strategy’s innovative potential. Providing the legal provision to include EBM in the adaptation agenda can trigger its application to specific regulations built upon general rules [25]. EBM is an integrated approach that demands the concurrent application of all principles’ categories. Unbalanced references to the categories do not invalidate the instruments as EBM promoters; however, overlooked principles represent challenges for implementing other coastal management policies (as Sustainability and Democracy categories) and indicate that the obstacles are more significant than they appear at first glance.



Since academic researchers performed the analysis here, it is relevant to notice that the identification of explicit and implicit mentions is denoted by our understanding and knowledge of EBM practices. Similar studies, in which homogeneous group analyses a process [25,27], share this degree of subjectivity. The effort to collectively discuss the concepts and the successive debates for consensuses over classifications was an attempt to lower the authors’ bias. Despite this, it is reasonable to expect that other groups of stakeholders would have a different perception of what is and what is not an explicit mention of an EBM principle. Additionally, we discuss the potential for operationalisation, focusing on Propositive sections, in these two federal instruments. Lower-level instruments and application of the principles in situ should follow federal directives, but this is not a rule given the discrepancies among administrative levels [23]. An analysis of similar instruments at lower levels (state and municipal adaptation plans) can clarify how EBM principles run downstream from the federal guideline. Few states or municipalities have already implemented their adaptation plan, but some efforts are in place that will soon enable such further analysis [60]. A preliminary analysis of the adaptation plan for Santos municipality (São Paulo/Brazil) shows a similar trend in unbalanced reference to different principles’ categories (unpublished data by the authors).




6. Conclusions


In Brazil, two principal adaptation instruments, the PNA and Procosta, incorporate an ecosystem-based adaptation approach that could be a strategy to translating EBM principles into actions. However, unbalanced attention to some principles (Democracy, Knowledge and Scale categories) and the fact that others are absent or only implicitly recognisable in Propositive sections of the instruments (as “Sustainability” and “Acknowledge Uncertainty” principles) show that the instruments have limited potential to promote EBM. To change this tide, attention must be given to define EBM principles and explicitly include them on policy goals, directives and objective proposals for action.



Moving from paper to practice still faces historical obstacles related to a single set of principles (as democratic ones). In Brazil, the federative pact establishes the national set of public policies’ primacy to determine general rules and guidelines, while states and municipalities are responsible for implementing them [72]. Implementing EBM in this context entails confronting historical political restraints related to resource distribution, power imbalance and process continuity. The current government presents a significant challenge to implement and move EBM-based CC adaptation from paper to practice. The consecutive cuts of investments in science and technology [66,67], and the negationist reaction of the central government concerning scientific recommendation to CC [73] and COVID-19 [74], are actions that jeopardise pre-established science-policy interactions [64]. In addition, recent actions have dismantled participative management bodies and the country’s environmental policies [73,75], built progressively over the last four decades [76]



Besides the recommendations for considering the perception of a broad range of stakeholders on the analysis and expanding it to instruments from different administrative levels, EBM implementation will benefit from studies that focus on the challenges to address distinct principles’ categories and how to move on with sustainability democratisation agendas. Linking the EBM-adaptation agenda to other relevant scientific debates is also a field to be explored. In Brazil, EBM emerges as a great option to link adaptation with actions that address vulnerability’s underlying causes. However, the discussion of addressing inequalities and promoting just sustainability [44] is incipient in scientific literature and policy arenas [77]. Discussions on how to apply EBM to shift ongoing and emergent practices towards transformative adaptation are equally desirable. For the Global South and the least developed countries, transformational adaptation is increasingly recognised as a necessary response to CC as incremental adaptation is insufficient for alleviating the global poor’s vulnerability [78]. Transformational adaptation should be considered early to adapt to CC and become a goal in plans and programs. For this, academics, policy makers and managers must work in close cooperation.



Indeed, advancing science-policy integration is a way forward in enhancing and implementing EBM. Collaborative work of policy and decision-makers, academics and non-academic society is crucial for EBM implementation in Brazil and elsewhere. Policy and decision-makers should be aware of EBM’s logic and the elements recognised as compatible with the approach. As an example of science-policy interaction, capacity-building programs can improve the technical capacity of policy and decision makers to evaluate needs and incorporate EBM into their practices, creating the conditions to facilitate its operationalisation [27].



Science-policy collaboration in translating and defining EBM and its concept as legal provisions is also required. Besides the little attention given to some principles, unclear and vague mentions of the approach and its principles allow ineffective implementation. Future documents should avoid the use of broad and general directions such as “to value EBA actions” [38] (p. 359). The quotation calls attention to the importance of ecosystem-based adaptations (EBA) but does not specify (a) which actions or (b) how to operate as to value them. Policy makers can address the principles’ definition with aid from academia. Legal definitions of core EBM principles might differ from the scientific literature [25], and clarifying and aligning them to specific contexts can guarantee a cohesive discourse that propels developments in both fields.



While academic research has increasingly supported EBM as essential to integrate and promote solutions to human–social complex systems as coastal zones, in practice, it is still far from engaging decision makers in its application. To push a wave of change, EBM requires a government that, instead of dismantling environmental policies, supports and implements a robust framework aiming to foster just sustainability. This research is one of the few studies that empirically assesses how legal provisions take EBM principles into account, inspiring future research on the subject. If EBM becomes a baseline for CC adaptation, it will undoubtedly contribute, to say the least, to a more holistic and transformative approach rather than sectorial and traditional management.
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Figure 1. The systematic strategy adopted in the analysis performed in this study. 
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Figure 2. Percentage scores (percentages of extracts classified as 1 (solid line) and 2 (dotted line)) in the analysis of (a) the National Plan for Adaptation to Climate Change (PNA) and (b) Brazilian National Program for Coastline Protection (Procosta) as a whole and in the analysis of the (c) Propositive section of the PNA and (d) Procosta. The categories and principles considered were: S—Sustainability; Ecological (ADNE—Account for Dynamic Nature of Ecosystems; CEC—Consider Ecosystem Connections; EIB—Ecological Integrity and Biodiversity); Management (AM—Adaptive Management; IM—Integrated Management; AMo—Appropriate Monitoring); Democracy (RCSES—Recognise Coupled Social–Ecological Systems; DRSC—Decision Reflect Societal Choice; SI—Stakeholder Involvement); Knowledge (AU—Acknowledge Uncertainty; USK—Use of Scientific Knowledge; I—Interdisciplinarity); and Scale (DB—Distinct Boundaries; ASTS—Appropriate Spatial and Temporal Scale). 
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Table 1. Documents, sections and descriptions of sections considered for analysing Brazil’s climate change adaptation instruments: National Plan for Adaptation to Climate Change (PNA) and the National Program for Coastline Conservation (Procosta).
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Instrument

	
Document

	
Sections

	
Description of Section






	
PNA

	
Vol. 1. General Strategy

	
3. Goals, vision and principles

4. Specific goals and general recommendations

	
General guidance—principles, directives and goals




	

	
Vol. 2

	
16. Coastal Zone Strategy

	
Propositive section—proposals for actions, expected outcomes, goals and indicators for monitoring




	
Procosta

	
Single volume

	
3. The proposal

	
General guidance: Principles and goals




	
4. Program’s structure

	
Propositive section—Projects integrated into Procosta, goals, activities to be performed and implementation strategies
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Table 2. Occurrence of Ecosystem-Based Management (EBM) principles in the Brazilian National Plan for Adaptation to Climate Change (PNA) and the National Program for Coastline Protection (Procosta). Mentions to the principles were classified as absent (0), implicit (1), explicit (2) or not applied (NA). The analysis considered the whole document (Final score), General Guidance and Propositive sections. For each principle, scores were classified to the higher value, and principles with different score classes (i.e., extracts classified as 1 and 2 for the same document/section) are marked as *.
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EBM Category

	
Principles

	
PNA

	
Procosta




	
Final Score

	
General Guidance

	
Propositive Section

	
Final Score

	
General Guidance

	
Propositive Section






	
Core

	
Sustainability

	
2 *

	
2

	
0

	
1*

	
1

	
0




	
Ecological

	
Account for Dynamic Nature of Ecosystems

	
2 *

	
0

	
2

	
2 *

	
2

	
2 *




	

	
Consider Ecosystem Connections

	
2

	
2

	
2

	
2 *

	
0

	
2 *




	

	
Ecological Integrity and Biodiversity

	
2

	
2

	
2

	
2 *

	
0

	
2




	
Management

	
Adaptive Management

	
2 *

	
2 *

	
2

	
1 *

	
0

	
1




	

	
Integrated Management

	
2

	
2

	
2

	
2 *

	
0

	
2




	

	
Appropriate Monitoring

	
2 *

	
1

	
2

	
2 *

	
0

	
2




	
Democracy

	
Recognise Coupled Social–Ecological Systems

	
2 *

	
2 *

	
2 *

	
2 *

	
0

	
2 *




	

	
Decision Reflect Societal Choice

	
2 *

	
2 *

	
0

	
N/A

	
N/A

	
N/A




	

	
Stakeholder Involvement

	
2 *

	
2 *

	
2 *

	
2 *

	
0

	
2 *




	
Knowledge

	
Acknowledge Uncertainty

	
0

	
0

	
0

	
0

	
0

	
0




	

	
Use of Scientific Knowledge

	
2 *

	
2 *

	
2 *

	
2 *

	
2 *

	
2 *




	

	
Interdisciplinarity

	
2 *

	
2 *

	
2

	
2 *

	
1

	
2 *




	
Scale

	
Distinct Boundaries

	
2 *

	
2 *

	
0

	
2 *

	
0

	
2




	

	
Appropriate Spatial and Temporal Scale

	
2 *

	
1

	
2 *

	
2 *

	
2

	
2 *
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