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    PRESENTATION


    It is with great pleasure that I present Knowledge, Innovation and Society / Conocimiento, Innovación y Sociedad - Volume 2 . This bilingual edition brings together studies spanning Law, Public Administration, Management, Territorial Planning, Public Policy, Economics, Arts, and Cultural Studies, highlighting the thematic breadth and transformative potential of the Applied Social Sciences. In order to expand the international reach of the research presented, Chapters 1 to 12 are published in English, while Chapters 13 and 14 are published in Spanish.


    The article “Ilhéus Model: A Municipal Technical-Scientific Framework to Support Brazilian Public Security” proposes innovative management and planning mechanisms aimed at strengthening public security at the municipal level.


    In “The Administrative Legal Regime and the Instrumentality of Procedure: Public Administration in Court”, the specific procedural aspects involving Public Administration before the Judiciary are examined.


    The study “Sensitive Areas in Judicial Management: Organizational Vulnerabilities and Their Impact on the Effectiveness of Justice” analyzes institutional factors that influence judicial performance and efficiency.


    “Abuse of Authority Law: Legislation, Amendments, and Analyses” offers a critical reflection on the foundations, legislative changes, and implications of this legal framework within the Brazilian legal system.


    In “From Statement to Decision: The Method That Simplifies Management and Prevents Misconduct”, governance, transparency, and accountability mechanisms are discussed as tools for institutional improvement.


    “Life Cannot Wait for SISREG: The Ineffectiveness of Judicial Discretion in the Face of Multiple Pathologies and the Existential Minimum” addresses the challenges of healthcare litigation and the protection of fundamental rights in vulnerable situations.


    The chapter “The Fundamental Right of Access to Justice: Judicialization of the Continuous Cash Benefit” examines the enforcement of social rights through judicial action.


    In “The Contribution of Territorial Planning and Land Management to Local Development”, territorial planning is presented as a strategic instrument for sustainable development.


    “The Contribution of Design Thinking to the Improvement of Public Services” highlights innovative approaches aimed at enhancing management and service delivery.


    The study “External Control and Interpretive Rupture: The Accumulation of Public Positions by Educators and the Role of the Rio de Janeiro State Court of Accounts in Southern Fluminense” examines the limits of legal interpretation and the actions of oversight institutions.


    In “Dialogues Between Cultural Rights and Visual Arts in the Universe of Warhol’s Pop Art”, the relationships between artistic production, cultural rights, and contemporary society are explored.


    The article “Scenographic Architecture as Argument: Space, Narrative, Power and Memory in Cinema – From Phenomenology to Generative Artificial Intelligence” investigates the connections between audiovisual language, memory, technology, and meaning-making processes.


    “Economic Criminal Law and the Protection of Social Public Expenditure: Diffuse Victimization in Irregular Public Procurement. A Critical-Comparative Study on Administrative Corruption, Contractual Capture, and Social Harm in Brazil and Spain” provides a comparative analysis of the impacts of administrative corruption on public resources intended for social welfare.


    Finally, “Digital Platforms, Underlying Contracts and Consumer Damages: Criteria for the Attribution of Liability in Spanish and European Union Law” discusses the legal challenges of consumer relations in digital environments from the perspective of Spanish and European legislation.


    By bringing together contributions from different academic and linguistic contexts, this volume reaffirms the importance of interdisciplinarity and international cooperation in understanding contemporary challenges and advancing scientific production in the Applied Social Sciences.


    Rafael Alem


    Organizer

  


  
    PRESENTACIÓN


    Es un gran placer presentar Knowledge, Innovation and Society / Conocimiento, Innovación y Sociedad - Volume 2 . Esta edición bilingüe reúne estudios que abarcan el Derecho, la Administración Pública, la Gestión, la Planificación Territorial, las Políticas Públicas, la Economía, las Artes y los Estudios Culturales, poniendo de relieve la amplitud temática y el potencial transformador de las Ciencias Sociales Aplicadas. Con el objetivo de ampliar el alcance internacional de las investigaciones aquí reunidas, los capítulos 1 al 12 se presentan en inglés, mientras que los capítulos 13 y 14 se publican en español.


    El artículo “Modelo Ilhéus: Estructura Técnico-Científica Municipal para el Apoyo a la Seguridad Pública Brasileña” propone mecanismos innovadores de gestión y planificación orientados al fortalecimiento de la seguridad pública a nivel municipal.


    En “El Régimen Jurídico Administrativo y la Instrumentalidad del Proceso: La Administración Pública ante los Tribunales”, se analizan las particularidades procesales relacionadas con la actuación de la Administración Pública ante el Poder Judicial.


    El estudio “Áreas Sensibles en la Gestión Judicial: Vulnerabilidades Organizacionales e Impactos sobre la Efectividad de la Justicia” examina factores institucionales que influyen en el desempeño y la eficiencia de la administración de justicia.


    “Ley de Abuso de Autoridad: Legislación, Reformas y Análisis” presenta una reflexión crítica sobre los fundamentos, modificaciones legislativas y repercusiones de esta normativa en el ordenamiento jurídico brasileño.


    En “Del Extracto a la Decisión: El Método que Simplifica la Gestión y Dificulta las Desviaciones”, se analizan mecanismos de control, transparencia y gobernanza destinados al fortalecimiento institucional.


    “La Vida No Espera al SISREG: La Ineficacia de la Discrecionalidad Judicial frente a la Pluripatología y al Mínimo Existencial” aborda los desafíos de la judicialización de la salud y la protección de los derechos fundamentales en contextos de vulnerabilidad.


    El capítulo “El Derecho Fundamental de Acceso a la Justicia: Judicialización del Beneficio de Prestación Continuada” examina la efectividad de los derechos sociales a través de la actuación judicial.


    En “La Contribución de la Planificación y Ordenación Territorial al Desarrollo Local”, se destaca el papel de la planificación territorial como instrumento estratégico para el desarrollo sostenible.


    “La Contribución del Design Thinking a la Mejora del Servicio Público” resalta enfoques innovadores dirigidos a perfeccionar la gestión y la prestación de servicios a la ciudadanía.


    El estudio “Control Externo y Ruptura Interpretativa: La Acumulación de Cargos Públicos por Pedagogos y la Actuación del Tribunal de Cuentas del Estado de Río de Janeiro en la Región Sur Fluminense” examina los límites de la interpretación normativa y la actuación de los órganos de control.


    En “Diálogos entre Derechos Culturales y Artes Visuales en el Universo del Pop Art de Warhol”, se exploran las relaciones entre producción artística, derechos culturales y sociedad contemporánea.


    El artículo “Arquitectura Escenográfica como Argumento: Espacio, Narrativa, Poder y Memoria en el Cine – De la Fenomenología a la Inteligencia Artificial Generativa” investiga las conexiones entre lenguaje audiovisual, memoria, tecnología y construcción de significados.


    “Derecho Penal Económico y la Tutela del Gasto Público Social: Victimización Difusa en la Contratación Pública Irregular. Un Estudio Crítico-Comparado sobre la Corrupción Administrativa, Captura Contractual y Daño Social en Brasil y España” ofrece un análisis comparado de los impactos de la corrupción administrativa sobre los recursos públicos destinados al bienestar social.


    Por último, “Plataformas Digitales, Contrato Subyacente y Daños al Consumidor: Criterios de Imputación de Responsabilidad en el Derecho Español y de la Unión Europea” analiza los desafíos jurídicos de las relaciones de consumo en entornos digitales desde la perspectiva del derecho español y europeo.


    Al reunir contribuciones procedentes de distintos contextos académicos y lingüísticos, este volumen reafirma la importancia de la interdisciplinariedad y de la cooperación internacional para comprender los desafíos contemporáneos y fortalecer la producción científica en las Ciencias Sociales Aplicadas.


    Rafael Alem


    Organizador
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    ABSTRACT: The abuse of political power is a central concept in Brazilian Electoral Law, designed to protect the normal conduct and legitimacy of elections (Art. 14, § 9, 1988 Constitution), and, pursuant to Art. 22 of Constitutional Law No. 64/1990, subjects the perpetrator to ineligibility for eight years and the revocation of their registration or certificate of election. Although the Superior Electoral Court (TSE) already recognizes that abuse may be constituted by action or omission, electoral doctrine has not systematized the criteria for identifying when an omission transcends ordinary administrative inefficiency and reaches the level of electoral illegality—a gap that creates legal uncertainty in electoral litigation and hinders the effective protection of equality among candidates.


    Keywords: Abuse of political power. Act of omission. Misuse of authority. Electoral litigation. Ineligibility.


    1 RESEARCH PROBLEM AND OBJECTIVES


    The central problem guiding this research can be summarized as follows: What doctrinal and jurisprudential criteria allow for the classification of an omission by a public official holding political power as an abuse of electoral power, distinguishing it from ordinary administrative inefficiency within the Brazilian legal system?


    The general objective is to identify and systematize these criteria based on an analysis of Electoral Law doctrine and the case law of the TSE. The specific objectives are: (i) to examine the normative and theoretical basis of omission as a form of abuse of political power; (ii) to map TSE case law precedents that have addressed omissive conduct with electoral implications; and (iii) to propose a systematization of criteria applicable to electoral litigation.


    2 METHODOLOGY


    This study adopts a dogmatic-legal approach, involving a systematic analysis of the norms and legal institutions of Electoral Law relevant to the topic, supplemented by a review of case law through the collection and critical analysis of TSE rulings on abuse of political power, with an emphasis on decisions involving omissive conduct or factual patterns comparable to deliberate omission.


    3 DEVELOPMENT


    3.1 Normative and Theoretical Basis of Abusive Omission


    Article 14, paragraph 9, of the 1988 Federal Constitution (CF/1988) and the main provision of Article 22 of Constitutional Law No. 64/1990 do not restrict the abuse of power to active conduct, thereby authorizing a systematic interpretation that encompasses willful omission for electoral purposes. According to Gomes (2018), abuse of political power consists of “an electoral offense characterized by the misuse or use in bad faith, or with a deviation from the intended purpose, of legal rights, situations, or positions” (GOMES, 2018, p. 225). The author is explicit in stating that “political power can be abused not only through action but also through omission” (GOMES, 2018, p. 300).


    The most precise definition—because it incorporates omission into the core of the concept—is presented by Morais (2024), based on Alvim (2019): abuse of political power encompasses any action or omission by a public official who, in the context of an election, disregards constitutional or legal mandates with the hidden purpose of promoting or hindering candidacies, thereby causing structural damage to the legitimacy of the elections (ALVIM, 2019, as cited in MORAIS, 2024). The author adds, drawing on Rollemberg and Kufa, the essential distinguishing criterion: “unethical acts that have no direct connection to elections do not constitute abuse of political power, but merely irregularities with repercussions in the administrative, civil, and criminal spheres” (ROLLEMBERG; KUFA cited in MORAIS, 2024, unnumbered). This premise defines the scope of the present investigation.


    3.2 Case Law Recognition by the TSE


    The TSE has established the understanding that abuse of political power occurs when a public official, by taking advantage of their official position and in a clear deviation from its intended purpose, compromises the fairness of the contest and the legitimacy of the election for the benefit of their own candidacy or that of third parties (TSE, REspe No. 55.547/2015).


    To impose the sanction, the TSE requires proof of the seriousness of the alleged acts, demonstrated by the high degree of reprehensibility of the conduct (qualitative aspect) and its significant impact on the balance of the electoral contest (quantitative aspect). The Court has held that the measurement of electoral repercussions is no longer a determining factor for the occurrence of abuse, which is now revealed, substantially, by the reprehensible nature of the behavior, and that disqualification should only occur when the legitimacy of the election has been so affected that no less severe remedy would be capable of restoring it (TSE, AIJE No. 0601779-05/DF/2021).


    An analysis of case law reveals a recurring pattern of omissions with electoral implications. Alvim (2011) documents a case decided in 2008 in which the mayor of Maués, Amazonas, had his term revoked due to outright omission: the Electoral Prosecutor’s Office demonstrated that the mayor failed to implement environmental protection measures provided for in the Municipal Organic Law and environmental legislation, with the aim of securing the votes of dozens of families who had encroached upon a municipal preservation area. The ruling stated that an administrator who disregards legal requirements in favor of personal sentiments also commits an abuse of political power (ALVIM, 2011). This is the clearest example of a pure omission-based offense: there was no positive act, only strategic inaction with an identified electoral purpose.


    In the most recent precedents, the recurring pattern is administrative inaction during most of the term of office, followed by concentrated action in the pre-election period. The TSE recognized the abuse due to the administrator’s inaction during the first three years of the term, with an opportunistic decision to launch a concentrated welfare program on the eve of the prohibited period set forth in Article 73, § 10, of Law No. 9,504/1997 (TSE, AgR-REspEl No. 060083120/2024). In another precedent, the Court identified an irregularity in the abrupt resumption, during the election period, of retroactive payments that had been suspended for over a year (TSE, RO-El No. 195470/2020). In both cases, the prior omission revealed a misuse of purpose, as the payments were interrupted for electoral gain.


    3.3 Proposed Systematization of the Criteria


    An analysis of the TSE’s case law and the identified doctrinal foundations allows us to propose four cumulative criteria. The first criterion is teleological misuse: the electoral purpose as the determining motivation for the inaction. Abusive omission is neither accidental nor purely institutional; it is intended to produce an electoral benefit for the omitting party or the candidate favored by them. According to Gomes (2018, p. 322), abuse of power is established only if the purpose of influencing a current or future election is present, since “in the absence of any electoral basis in the event in question, there is no way to characterize it as such.”


    The second criterion is opportunistic electoral timing, which can be assessed by comparing the agent’s historical behavior with any change in conduct observed during the electoral or pre-electoral period. The acceleration or resumption of stalled public policies, concentrated in the election year, constitutes evidence of a misuse of purpose, as demonstrated by TSE precedents.


    The third criterion is the qualitative potential for harm: the ability of the omission to compromise the equality among candidates or the voter’s freedom. Under the terms of Article 22, XVI, of Complementary Law No. 64/1990, the gravity of the circumstances characterizing the act is sufficient to establish an abusive act, without requiring proof that the act would have altered the election results.


    The fourth criterion is the institutional power held by the party responsible for the omission: a demonstration that the agent had the authority to act and the material conditions to do so. Without the authority to act, there is no misuse of purpose, but rather a lack of conditions for action, which may constitute administrative inefficiency but not an electoral offense.


    The isolated presence of one or two of these elements may indicate an administrative irregularity without amounting to an electoral offense. The establishment of abuse by omission requires the convergence of all four criteria, assessed in light of the body of evidence, in accordance with the TSE’s standard requiring robust and compelling evidence (TSE, AgR-RO-El No. 060165936/2024).


    4 FINAL CONSIDERATIONS


    Abuse of political power through an act of omission represents a legally recognized form of abuse, but one that has been under-explored in legal doctrine. Although the TSE already recognizes omission as a form of abuse, it has not systematized the criteria that distinguish it from ordinary administrative inefficiency. This study has filled that gap by proposing four cumulative criteria (teleological deviation, opportunistic electoral timing, qualitative potential for harm, and the omitting party’s position of institutional power) drawn from TSE case law and electoral doctrine, with the aim of providing more reliable parameters for the Electoral Courts, political parties, and the Electoral Public Prosecutor’s Office in litigation aimed at protecting the equality of candidates.


    As a limitation, this study does not exhaustively cover the rulings of the Regional Electoral Courts; the definition of the required subjective element (specific intent or gross negligence) remains an open question—a debate that the reform of the Administrative Impropriety Law (Law No. 14,230/2021) has made urgent in public sanctions law.
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    ABSTRACT: This article analyzes the development model imposed on the Amazon, with an emphasis on the city of Barcarena (PA), understood as a territory that epitomizes contemporary mineral-industrial dynamics and neo-extractivist expansion in the Amazon region. The objective is to highlight how the intensive exploitation of natural resources—especially water, forests, and minerals—has led to environmental degradation, territorial conflicts, socio-environmental injustices, and the consolidation of what is termed the “dark side of development,” in contrast to the hegemonic discourses of progress and modernization. The study is grounded in a qualitative, exploratory, and analytically critical approach, combining a systematic literature review, the collection and interpretation of official statistical data, documentary analysis, empirical field observation, and the development of socio-environmental charts and tables, anchored in frameworks from critical geography, political ecology, environmental sciences, and decolonial theory. The results demonstrate that the mineral-export model implemented in Barcarena produces highly concentrated economic benefits and widely distributed socio-environmental burdens, manifested in the recurrence of environmental disasters, water contamination, forest degradation, the displacement of traditional populations, increased risks to public health, and the weakening of Amazonian ecological systems. The research also highlights that the historical logic of occupation and exploitation of the Amazon reproduces colonial continuities and contemporary mechanisms of territorial dependence, transforming Amazonian cities into spaces functionalized for the extraction of natural resources for the global market. It is concluded that the current model deepens territorial inequalities, increases socio-environmental vulnerability, and compromises the sustainability of life, requiring a redefinition of Amazonian development based on an expanded paradigm of sustainability, grounded in socio-environmental justice, the centrality of Amazonian peoples, the preservation of ecological systems, and the integration of economic, social, environmental, and ethical-spiritual dimensions.


    Keywords: Amazon; Mining; Neo-extractivism.


    1 INTRODUCTION


    This article is the product of a profound unease that is not restricted to the individual level but emerges as an expression of a collective, social, and historical anguish. This unease stems from the very condition of the Amazon, forged in the immanence of its foundational elements: water, the forest, and the soil (ore). Not merely as marketable resources, but as ontological foundations of life, culture, and the social organization of the forest peoples. These elements have shaped ways of life based on integration, interdependence, and a symbiotic connection with nature, giving rise to alternative rationalities distinct from modern utilitarian logic (SANTOS, 2006; ACSELRAD, 2004).


    The territorial entity that Europeans came to call the Amazon was, from the very first colonial contact, interpreted from an exogenous perspective, marked by a sense of strangeness, fear, and the need for domination. Regardless of their social status—whether military officers sent by the Crown, Jesuit missionaries, merchants, or agricultural settlers—a common perception prevailed: the lush forest was seen as an affront to European civilization, something to be conquered and tamed. Not because it was “wild” in and of itself, but because it represented an obstacle to the imposition of a model of civilization based on the city, the road, the port, and commerce (PRADO JÚNIOR, 2011; PORTO-GONÇALVES, 2006).


    In this process, the forest ceased to be understood as a living, relational, and symbolic entity, and came to be reduced to the status of an object, a commodity, and an instrument of colonial expansion. The colonial enterprise was thus structured on the denial of indigenous cosmologies and on the imposition of an economic rationality that transformed nature into a stock and life into a variable subordinate to accumulation. This logic did not end with the formal conclusion of the colonial period, but persisted through Independence and has continually resurfaced in new historical forms (QUIJANO, 2005; MBEMBE, 2018).


    Over the centuries, the Amazon has remained trapped in an ambiguous mythical narrative: at times a magical and inexhaustible territory, at other times a space of plunder, usurpation, and forced productivity. The forest, water, and minerals (soil) have been constantly reinterpreted as riches to be appropriated, first by commercial enterprises and, later, by industrial and financial capitalist logic. The myth of El Dorado, once symbolic, has become a concrete material reality, especially with the intensification of mining and industrialization in Amazonian territories (ALMEIDA, 2012; SVAMPA, 2019).


    In the contemporary context, this process intensifies with the consolidation of an Amazon that serves the global market. Ore—now a tangible resource, extracted on a large scale—gives rise to cities, shapes urbanized spaces, and reorganizes territories according to the demands of the international production order. Highways cut through forests, ports reshape riverbanks, and drainage systems operate as mechanisms for channeling natural wealth, connecting the Amazon’s abundance to global value chains, to the detriment of local populations (HARVEY, 2014; BECKER, 2005).


    It is against this backdrop that the need arises to analyze, expose, and politicize a poetics that does not celebrate development but denounces its imposition. A critical poetics that reveals the wounds opened by colonization, neocolonization, and post-neocolonization, highlighting the socio-environmental impacts, recurring environmental disasters, the systematic production of poverty, and the vulnerability of human lives. This is a poetics of resistance, which rejects the hegemonic discourse of progress and exposes its structural contradictions (SANTOS, 2000; ACSELRAD, 2010).


    In this sense, the relevance of this article lies in demonstrating that rivers, forests, and minerals—far from promoting equitable development—have produced social darkness, environmental exploitation, and territorial injustice. Environmental impacts and disasters are not natural events, but direct expressions of a predatory model of occupation and exploitation, sustained by new colonizers who reproduce old practices of domination. Thus, it can be said that the grip of colonization still remains on the Amazon, shaping its territories, its cities, and its destinies (PORTO-GONÇALVES; LEFF, 2015; SVAMPA, 2019).


    It is from this observation that the present article begins, conceived simultaneously as a political, scientific, and ethical act of denunciation, analysis, and resistance. The Amazon, historically treated as a frontier for expansion and a strategic reserve, was incorporated into the national project under the logic of occupation and exploitation, epitomized by the military slogan “integrate so as not to surrender.” This discursive formulation, extensively analyzed in the critical literature, functioned as an ideological device to legitimize territorial expropriation, the subordination of traditional populations, and the accelerated commodification of nature, under the pretext of development and national sovereignty (BECKER, 2005; ALMEIDA, 2012; FURTADO, 1974).


    However, in light of contemporary socio-environmental crises, it has become imperative to break with this geopolitical imaginary and produce new slogans, new narratives, and new interpretive paradigms. Defending the Amazon today does not mean “integrating” it into the global commodities market, but rather preventing its unrestricted surrender to the predatory interests of financial, mining, and agro-industrial capital. As recent studies demonstrate, the surrender of the Amazon corresponds to the gradual demise of its populations, the erosion of its biodiversity, and the collapse of trophic systems essential to regional and global climate stability (FEARNSIDE, 2019; LOVEJOY & NOBRE, 2018; ARTAXO et al., 2022).


    In this sense, the Amazon must be understood as a complex socio-ecological whole, structured by dynamic interactions between climate, soil, water, biodiversity, and human cultures. It is a vast living web whose subecosystems—terrestriary forests, floodplains, igapós, mangroves, and Amazonian urban environments—operate in an integrated and interdependent manner. A disruption in any of these elements triggers cascading effects, compromising the ecological resilience and social reproduction of Amazonian territories (SANTOS, 2006; HARVEY, 2014; ROCKSTRÖM et al., 2009).


    Therefore, this article aims to reaffirm the need for a new pact regarding the Amazon, grounded in the preservation of its ecological structures, the valorization of local knowledge, and the centrality of Amazonian populations as historical agents. More than just a territory to be exploited, the Amazon must be recognized as a condition that makes life, socio-environmental justice, and global climate balance possible. Producing critical knowledge about the region is also an act of epistemological resistance, which challenges hegemonic models of development and places the ethics of life at the center of contemporary scientific debate (LEFF, 2015; SANTOS; SILVEIRA, 2001; LATOUR, 2017).


    2 METHODOLOGICAL FRAMEWORK


    This study is based on a systematic literature review, combined with a survey of statistical data on the Amazon drawn from official databases, such as the Brazilian Institute of Geography and Statistics (IBGE), as well as other institutional platforms and publicly accessible digital databases. This approach allows for the construction of a robust empirical framework capable of supporting a critical analysis of the socio-environmental processes underway in the Amazon region, ensuring the reliability, validity, and replicability of the data used (GIL, 2008; IBGE, 2023).


    The research is grounded in an exploratory analytical methodology, guided by a critical reading of statistical data, systematic field observation, and a contextualized interpretation of socio-environmental phenomena. The results emerge from the triangulation of quantitative data, empirical records, and qualitative analyses, enabling an understanding of the Amazon as a dynamic space, historically shaped by human actions and the multiple rationalities that influence its territory (MINAYO, 2014; YIN, 2016).


    The insights derived from data monitoring, direct observation, and measurements result in the development of a diverse methodological repertoire that combines statistical tools, spatial analysis, and an integrated socio-environmental interpretation. This methodological framework is not limited to describing phenomena but seeks to elucidate the structural relationships that produce vulnerabilities, environmental impacts, and territorial inequalities in the Amazonian context (ACSELRAD, 2010; BECKER, 2005).


    In this sense, the study adopts a synoptic, theory-based methodology, organized in a unified manner within an analytical framework that conceives of the Amazonian space as a historical outcome of the actions, decisions, and interventions of multiple social, economic, and institutional actors. This approach allows for the integration of local, regional, and global scales, understanding the territory not as a neutral backdrop but as a concrete expression of the contradictions inherent in the prevailing development model (SANTOS, 2006; HARVEY, 2014).


    The socio-environmental analysis developed in this study focuses on the assessment of socio-environmental quality, understood as a multidimensional indicator that integrates environmental, social, economic, and territorial conditions. This perspective makes it possible to identify patterns of degradation, environmental risks, and processes of socio-environmental injustice, especially in areas subject to intense pressures resulting from extractive, industrial, and urban activities in the Amazon (ACSELRAD, 2004; PORTO-GONÇALVES, 2006).


    The methodology adopted serves as an integrated analytical tool that supports a critical, rigorous, and committed analysis aimed at understanding the Amazon as a historically constructed environment, marked by territorial disputes, power imbalances, and complex socio-environmental challenges. This methodological approach reinforces the internal coherence of the study and ensures its integration into the contemporary scientific debate on territory, environment, and development (QUIJANO, 2005; SVAMPA, 2019).


    2.1 Data Collection


    The assessment of deforestation in the Brazilian Legal Amazon was conducted by consolidating data in square kilometers (km²), organized into decadal intervals and reference time periods (1970–2025). For the period from 1988 onward, we used exclusively the official data series from the PRODES Project of the National Institute for Space Research (INPE), which is internationally recognized for its methodological standardization, temporal consistency, and systematic use of Landsat satellite imagery to detect clear-cut deforestation (INPE, 2023).


    For the period prior to 1988, when there was no continuous annual monitoring, consolidated historical estimates were used, based on the interpretation of Landsat images and pioneering surveys conducted by INPE itself, as systematized by Tardin et al. (1980) and analyzed by Fearnside (1990, 2005), as well as by Skole and Tucker (1993). These data were treated separately from the PRODES series and are presented as cumulative area or approximate increments, with explicit indication of methodological uncertainty, thereby avoiding the artificial overlap of non-homogeneous series.


    The estimate of timber volume harvested in the Brazilian Legal Amazon (ALB) for the period 1970–2025 was constructed using three integrated methodological components:


    1. Official series of recorded production: log data from the Plant Extraction and Forestry Production (PEVS) survey conducted by the Brazilian Institute of Geography and Statistics (IBGE) for the available period (beginning in 1986), aggregated for the Legal Amazon according to the official territorial boundaries. The IBGE data refer to legal and declared timber production and do not fully capture informal or illegal logging.


    2. Conversion of deforested area to volume of harvested timber: For periods prior to 1986 and to address methodological gaps, conversions were performed using average coefficients for volume harvested per hectare of deforested or logged primary forest (19–40 m³ per hectare), based on recognized scientific literature, accompanied by a range of uncertainty to reflect ecological and operational variations.


    3. Explicit uncertainty range: Each ten-year interval contains a lower and upper limit, derived from the application of conservative and high volume-per-hectare coefficients, thereby avoiding overestimation and clearly communicating the limitations of the conversions, in accordance with best scientific practices.


    The data collection underpinning the Table was conducted by integrating official databases and monitoring platforms widely recognized by the scientific literature and government agencies, with a spatial focus on the Brazilian Legal Amazon. Data on clear-cutting deforestation were obtained from the PRODES Project of the National Institute for Space Research (INPE), which uses medium-resolution satellite imagery (Landsat and equivalent sensors) for annual monitoring of forest clearance, based on the PRODES year (August–July). Information on fires and hotspots was extracted from the Fire Database (BDQueimadas/INPE), based on consolidated and updated time series. The characterization of land use and land cover, as well as forest degradation processes and recent deforestation events, was based on the MapBiomas Collections and the Annual Deforestation Report (MapBiomas Alerta), which integrate and validate alerts from multiple detection systems. Data on water resources and pressures on water quality and availability were obtained from the report Overview of Water Resources in Brazil, published by the National Water and Basic Sanitation Agency (ANA), while information on urban infrastructure and sanitation was extracted from the 2022 Demographic Census, conducted by the Brazilian Institute of Geography and Statistics (IBGE). Finally, the impacts associated with artisanal mining and mining operations, particularly mercury contamination, were based on technical reports from the Ministry of the Environment (MMA) and on studies and institutional publications from the Oswaldo Cruz Foundation (Fiocruz). All data sources were systematically integrated, while respecting their specific methodological approaches, to ensure analytical consistency, data traceability, and scientific rigor in constructing the interpretive framework.


    The frameworks were developed based on qualitative-analytical documentary and bibliographic research, with a historical-environmental and socio-ecological focus, covering the approximately 40-year period of implementation and operation of the aluminum and alumina industrial complex in the municipality of Barcarena (PA). Initially, a systematic survey of reliable secondary sources was conducted, including technical reports from official health and environmental agencies, institutional documents from government bodies, judicial decisions, as well as dissertations, theses, and scientific articles produced by universities and research centers in the Amazon region. This procedure followed the principles of documentary analysis, in which written records are treated as empirical evidence capable of reconstructing socio-environmental processes and critical events over time (CELLARD, 2008).


    The collected data were organized according to a risk and environmental impact analysis approach, distinguishing between acute events (accidents, spills, overflows, and sudden changes in environmental quality) and chronic impacts (persistent air pollution, gradual contamination of soils and water bodies, and cumulative effects on health and ecosystems). The categorization of impacts considered three interdependent analytical axes: (i) the physical-chemical environment (water, soil, and air), (ii) the surrounding human population (health, water use, fishing, and ways of life), and (iii) the ecological system and trophic environment (fish fauna, vegetation, bioaccumulation, and the resilience of aquatic ecosystems). This approach aligns with the literature on environmental geography and political ecology, which emphasizes the social production of risks and the unequal distribution of environmental impacts in industrialized territories (ACSELRAD, 2010; PORTO, 2012).


    The compilation of the Tables followed criteria for triangulating sources, prioritizing events supported by official technical reports—such as those from the Evandro Chagas Institute—and peer-reviewed academic studies, in order to ensure scientific rigor, factual accuracy, and methodological transparency. When documents presented public controversies or divergent versions, we chose to record only formally documented information, supplemented by ecotoxicological inferences grounded in the specialized literature, clearly indicated as such. This procedure adheres to best practices in environmental science and public health research by integrating empirical data, critical analysis, and territorial contextualization, ensuring analytical robustness consistent with high-impact scientific publications (MINAYO, 2014; IEC, 2018).


    Preparation of the tables:


    1. Event selection criteria (1970–2025): Drought events recognized as “severe/extreme” in peer-reviewed literature (e.g., 2005, 2010, 2015–16, 2023) and/or in reference technical reports (WMO; ANA) with explicit hydrological/meteorological evidence were included.


    2. Operational definition of drought (triangulation of types): The table considers meteorological drought (precipitation deficit), hydrological drought (water levels/discharge/storage), and ecological drought (thermal-hydric stress affecting vegetation and fire), in accordance with established approaches in Amazonian syntheses and recent studies from 2023.


    3. Rationale for the 1970s: Pre-1979 instrumental heterogeneity was explicitly noted, since many satellite products and integrated climatologies begin in 1979; thus, “false precision” in ranking specific years in the 1970s using the same standard as for post-1980 events is avoided.


    4. Drivers and impacts: Drivers were assigned based on the convergence of (i) classic mechanism-based articles (e.g., Atlantic/2005; 2010 in the historical context), (ii) syntheses on droughts and systemic risk, and (iii) international/operational reports on human impacts.


    5. Indicators for continuous monitoring (reproducibility): For replication, it is recommended to integrate indices such as the SPI and composite products (e.g., the Integrated Drought Index—IIS/CEMADEN, which combines the SPI with soil and vegetation indicators derived from remote sensing).


    2.2 Development of the Amazon Mining Map


    The thematic map was created to depict the spatial distribution of mining activities in the Brazilian Legal Amazon, classified according to their economic uses, based on official data provided by government agencies.


    2.2.1 Cartographic Base and Reference System


    The cartographic base used corresponds to the political-administrative boundaries of Brazilian states and the official boundary of the Legal Amazon, obtained from the “Portal de Mapas” website of the Brazilian Institute of Geography and Statistics (IBGE), version 2023. All data were standardized to the SIRGAS 2000 Geodetic Reference System, officially adopted in Brazil, using a geographic coordinate system (latitude/longitude).


    2.2.2 Mining Data


    Information regarding mining activities was obtained from the Mining Geographic Information System (SIGMINE), maintained by the National Mining Agency (ANM), based on data available and updated through April 2026. The mining records were extracted in polygonal vector format and were subsequently converted to point data (the centroid of each feature) through geoprocessing in a GIS environment (QGIS software version 3.44.4) and include information related to the type of mineral and its associated economic use.


    It should be noted that the SIGMINE data represent declaratory administrative records and do not necessarily indicate the existence of active mining operations in the field at the time of data collection.


    2.2.3 Data Processing and Organization


    The mining data underwent a review and organization phase in a Geographic Information System (GIS) environment, including:


    • verification of geometric inconsistencies;


    • spatial cropping of the records to the Legal Amazon region;


    • thematic classification of mining activities according to their predominant economic uses, such as construction materials, industrial use, gemstones, and ornamental rocks, among others.


    To improve spatial interpretation and reduce visual overlap, the categories were grouped into thematic classes, which were subsequently represented by distinct symbols.


    2.2.4 Cartographic Representation


    The map was prepared according to the principles of thematic cartography, using point symbols differentiated by shape and color to facilitate the distinction between the different economic uses of mining. The states belonging to the Legal Amazon were highlighted in relation to the other federal units, allowing for better delineation of the study area.


    The cartographic scale adopted was 1:12,000,000, suitable for regional analysis and for visualizing the spatial distribution of mining activities throughout the Legal Amazon.


    Essential cartographic elements, such as a legend, graphic scale, and data source, were included to ensure the comprehensibility, reproducibility, and transparency of the cartographic product.


    3 RESULTS AND DISCUSSION


    3.1 The Amazon: Risks of Development and Development at Risk


    The historical trajectory of the Amazon unfolded under the aegis of European colonization, and the discourse of development has been present since the earliest moments of colonial occupation. However, this development was primarily committed to the interests of the metropolis, structured to ensure the continuous flow of natural resources toward the center of the colonial system. In this context, the so-called Amazonian “resources”—often referred to by authors as “drugs of the hinterland”—consisted of a range of plant, animal, and extractive products that, although they held economic value in the European market, were appropriated in a predatory manner, without any commitment to the social or environmental sustainability of the exploited territories (PRADO JÚNIOR, 2011; PORTO-GONÇALVES, 2006).


    The Amazon was deeply tied to the mercantile-colonial model, in which the forest was viewed as a vast reservoir of raw materials. Plant-based products, wildlife resources, fisheries, and other natural goods were incorporated into colonial trade routes as strategic commodities. The appropriation of these elements did not occur randomly but followed a logic of systematic exploitation, which transformed nature into an economic resource and the territory into a functional space for the colonizing enterprise (FURTADO, 2007; BECKER, 2005).


    Although part of the historiography associates Amazonian colonization with a predominantly military model—evident in the founding of Belém and other fortified cities—this process was not limited to the military dimension. Several urban centers were established along the Amazon estuary and its major rivers, revealing the centrality of the hydrography as a strategic axis for occupation, circulation, and territorial control. The river thus became the region’s primary network for economic and political integration, linking cities, fortresses, and extraction areas into a system geared toward the flow of wealth (SANTOS, 2006; BECKER, 2005).


    Within this framework, Amazonian cities were conceived less as living spaces and more as mechanisms for economic extraction. The colonial city functioned as a trading post: it received manufactured goods from the metropolis and exported raw materials extracted from the interior of the forest. This asymmetrical relationship cemented a structural dynamic of exploitation, in which added value remained outside the region, while social, and environmental impacts fell on Amazonian territories, establishing a historical pattern of unequal and dependent development (PRADO JÚNIOR, 2011; HARVEY, 2014).


    Over the centuries, this model was deepened and reconfigured, shaping a territory meticulously administered by colonial and, later, capitalist logic. The so-called “colonizing enterprise” operated through institutional, economic, and symbolic mechanisms that ensured control over the production and circulation of wealth. The result was the consolidation of a deeply exclusionary form of development, marked by territorial inequalities and the subordination of the Amazon to external dynamics of accumulation (QUIJANO, 2005; PORTO-GONÇALVES, 2006).


    The rubber boom represented an emblematic moment in this process. Although often portrayed as a period of prosperity, this boom produced an illusory, concentrated, and deeply unequal form of development. Not only Belém and Manaus, but also other Amazonian cities, such as Bragança, experienced the repercussions of this extractivist model. In this context, the forest ceased to provide merely raw materials for artisanal manufacturing and began to sustain modern industrial production—especially the automotive industry—thereby integrating the Amazon into the dynamics of Europe’s Second Industrial Revolution (FURTADO, 2007; HOBSBAWM, 2014).


    The so-called “Amazon of the rubber plantations” took shape as a rigidly stratified society, marked by the concentration of wealth in the hands of the rubber barons and by the extreme exploitation of rubber tappers. While an urban elite enjoyed the trappings of modernity—electric lighting, streetcars, monumental architecture, and products imported from Europe—forest workers lived in degrading conditions, subjected to a system of debt and structural violence that made any social mobility impossible (GALEANO, 2010; PORTO-GONÇALVES, 2006).


    This apparent progress, often referred to as the Amazonian Belle Époque, proved to be a symbolic construct disconnected from social reality. The urban splendor did not correspond to effective and lasting development, but rather to a façade that concealed the contradictions of the extractivist system. The wealth generated by rubber did not translate into improved living conditions for the majority of the population but reinforced a pattern of economic concentration and external dependence, whose collapse was inevitable (FURTADO, 2007; SANTOS, 2000).


    Historically, development in the Amazon has been a process marked by intensive exploitation, structural inequality, and human sacrifice. The region was shaped by plunder, forced labor, and the erasure of the people who economically sustained these cycles. The collapse of the rubber industry did not merely represent the end of a production cycle; it also highlighted the fragility of a development model that had always put the Amazon at risk, while simultaneously exposing the risks inherent in the very development imposed on the region (PORTO-GONÇALVES; LEFF, 2015; SVAMPA, 2019).


    3.2 From the Lush Canopy to Felled Forests


    One of the Amazon’s most abundant natural resources is its equatorial rainforest, marked by high structural complexity and extraordinary biological richness. It is an ecosystem characterized by towering trees that can exceed 60 to 70 meters in height, with enormous diameters and high timber value. Since the beginning of colonization, this plant material has been part of the colonial system’s trade repertoire, incorporated as a strategic commodity in export-oriented commercial dynamics, to the detriment of the forest’s ecological and sociocultural functions (PRANCE; LOVEJOY, 1985; PORTO-GONÇALVES, 2006).


    Throughout history, logging has intensified under the false premise that the vastness of the Amazon would guarantee an inexhaustible capacity for regeneration. This perception contributed to the normalization of deforestation, which expanded continuously throughout the 20th century and reached alarming levels in the 21st century. Millions of cubic meters of timber have already been harvested from the region, accompanied by the devastation of extensive forest areas, establishing logging as one of the main drivers of environmental degradation in the Amazon (FEARNSIDE, 2005; INPE, 2023). See Table 1.


    Table 1 — Estimated timber harvested in the Legal Amazon (millions of m³), 1970–2025


    
      
        

        
      

      
        
          	
            Period / Decade

          

          	
            Volume harvested (millions of m³)

          
        


        
          	
            1970s

          

          	
            ~170 – 380

          
        


        
          	
            1980s

          

          	
            ~335 – 715

          
        


        
          	
            1990s (1990–1999)

          

          	
            ~210–280

          
        


        
          	
            2000s (2000–2009)

          

          	
            ~225–300

          
        


        
          	
            2010s (2010–2019)

          

          	
            ~86–120

          
        


        
          	
            2020–2024

          

          	
            ~65–90

          
        


        
          	
            2025 (estimated)

          

          	
            ~6.5 – 9.0

          
        

      
    


    *Cumulative total (1970–2025): ~1.097–1.894 million m³.


    The cumulative estimate of timber volume harvested in the Legal Amazon between 1970 and 2025 ranges approximately from 1.1 to 1.9 billion cubic meters. This wide range reflects not only actual patterns of varying levels of logging throughout the period but also the methodological limitations of historical records, especially in the decades prior to systematic satellite monitoring and the formalization of national statistical data. The IBGE (PEVS) time series capture only legal and reported production, which tends to underestimate the actual total harvested, particularly in contexts of unregulated or underreported logging.


    The use of volume ranges per hectare harvested through deforestation or clear-cutting, in line with empirical studies of timber management in the Amazon, allows for the generation of plausible estimates with scientifically justified uncertainty. These estimates are essential for assessing the relationship between deforestation and timber extraction over decades, providing robust quantitative data for understanding the impacts of logging on natural stocks and for formulating integrated public policies for sustainable management and combating illegal deforestation.


    The historical and contemporary activities of the timber sector in the Amazon constitute an environmentally devastating process, responsible not only for the removal of vegetation cover but also for the accelerated loss of biodiversity and the degradation of habitats for Amazonian wildlife. Deforestation entails the direct destruction of the breeding, feeding, and sheltering grounds of thousands of species, many of them endemic, irreversibly compromising the regional and global ecological balance (LOVEJOY; NOBRE, 2018; DIRZO et al., 2014). See Table 2.


    Table 2 — Deforestation in the Brazilian Legal Amazon (km²), by decades and historical intervals (1970–2025)


    
      
        

        
      

      
        
          	
            Period / Decade

          

          	
            Deforested area (km²)

          
        


        
          	
            1970s

          

          	
            28,595 – 77,172

          
        


        
          	
            1980s

          

          	
            ≈ 152,000 – 203,000

          
        


        
          	
            1990–1999

          

          	
            163,427

          
        


        
          	
            2000–2009

          

          	
            176,536

          
        


        
          	
            2010–2019

          

          	
            67,604

          
        


        
          	
            2020–2024

          

          	
            51,002

          
        


        
          	
            2025

          

          	
            5,796

          
        

      
    


    Source: Prepared by the author1.


    From an ecological perspective, the loss of a large tree represents much more than the removal of a single plant. Emergent trees support complex biological networks, sheltering epiphytes, vines, symbiotic organisms, and species that depend on the shade and moisture provided by the canopy. Their removal triggers a cascade of effects, affecting multiple forest strata and causing the breakdown of highly interdependent ecological systems, whose recovery takes centuries—if it is even possible (ODUM, 2004; PRIMACK; RODRIGUES, 2001).


    In this sense, Amazonian deforestation is not merely the depletion of natural resources but constitutes a process of dismantling and disconnecting the ecosystem. The removal of vegetation cover exposes soils to erosion, compromises biogeochemical cycles, and fragments the forest’s trophic system, transforming previously integrated areas into veritable ecological wounds. These environmental wounds reflect the disruption of the forest’s ecological functionality, replacing systemic complexity with simplified and degraded landscapes (SANTOS, 2006; FOLEY et al., 2007). See Table 1.


    Table 1 — Major Environmental Problems in the Legal Amazon


    
      
        

        
      

      
        
          	
            Axis of Degradation

          

          	
            Environmental problem (summary)

          
        


        
          	
            Deforestation

          

          	
            Forest clearance through clear-cutting (frontier expansion; direct loss of forest cover)

          
        


        
          	
            Forest degradation + “invisible deforestation”

          

          	
            Loss of forest integrity without clear-cutting (selective logging, roads/trails, fire damage)

          
        


        
          	
            Burning and forest fires

          

          	
            Fires associated with land conversion (pasture/agriculture), open-area management, and forest fires (degradation and emissions)

          
        


        
          	
            Livestock

          

          	
            Conversion of forest to pasture; soil compaction/erosion; fragmentation and “edge effect”

          
        


        
          	
            Agriculture (grains/annual crops)

          

          	
            Conversion of native vegetation; soil degradation; diffuse contamination from agricultural inputs; local hydrological changes

          
        


        
          	
            Gold mining (often illegal)

          

          	
            Turbidity/siltation; destruction of riverbeds; mercury contamination; pressure on Indigenous Territories (TIs) and Conservation Units (UCs)

          
        


        
          	
            Environmental Health (Mercury in Human Populations and Fish)

          

          	
            Human exposure and bioaccumulation in the food chain (methylmercury)

          
        


        
          	
            Industrial mining (beyond small-scale mining)

          

          	
            Deforestation/fragmentation; risks and pressures on water resources; geomorphological and landscape changes

          
        


        
          	
            Amazonian urbanization

          

          	
            Inadequate sanitation; urban water pollution; solid waste; occupation of fragile areas (floodplains/slopes)

          
        


        
          	
            Water resources (combined effect)

          

          	
            Siltation; changes in flow rates; loss of water quality; conflicts over water use

          
        

      
    


    Source: Prepared by the author, based on data from the National Institute for Space Research – INPE (PRODES Project; BDQueimadas), MapBiomas (Land Use and Land Cover Collections; MapBiomas Alert – Annual Deforestation Report), National Agency for Water and Basic Sanitation – ANA (State of Water Resources in Brazil: 2024 Report), Brazilian Institute of Geography and Statistics – IBGE (2022 Demographic Census), Ministry of the Environment – MMA (Mercury in the Amazon), and Oswaldo Cruz Foundation – Fiocruz (technical reports on environmental health and mercury contamination).2


    Table 1 systematizes the main environmental problems in the Legal Amazon based on dominant anthropogenic factors, such as agriculture and livestock, artisanal mining, deforestation, wildfires, and urbanization; linking each problem to measurable indicators and consolidated databases. To ensure traceability and reproducibility, priority was given to official data series and platforms recognized in the scientific literature and by government agencies: PRODES/INPE for clear-cutting deforestation, BDQueimadas/INPE for fire hotspots and dynamics, MapBiomas (Collections and Alert/RAD) for land use/land cover and validation of fire suppression events, ANA (Conjuntura) for the annual water situation, and IBGE (2022 Census) for urban infrastructure and sanitation, in addition to government reports and technical-scientific evidence (MMA/Fiocruz) for mercury and artisanal mining.


    Forest degradation directly impacts regional and global climate dynamics. The Amazon rainforest plays a fundamental role in climate regulation through evapotranspiration, the moisture cycle, and carbon sequestration. The removal of vegetation disrupts these fluxes, reduces carbon capture capacity, and intensifies heat exchange between exposed soil and the atmosphere, promoting regional warming and contributing to the instability of the Earth’s climate system (NOBRE et al., 2016; IPCC, 2021).


    The replacement of forest with degraded soils profoundly alters the surface energy balance, reducing water vapor formation and weakening the so-called “flying rivers,” which are responsible for moisture redistribution across much of South America. As a result, extreme weather events—such as prolonged droughts and intense rainfall—are becoming more frequent, with effects that extend beyond the Amazon and reach different regions of the planet, affecting human populations, ecosystems, and productive activities on a global scale (LOVEJOY; NOBRE, 2018; IPCC, 2021). See Table 2.


    Table 2 — Major Droughts/Extreme Low Rainfall Events, and Very Low River Levels in the Amazon (1970–2025)


    
      
        

        

        

        
      

      
        
          	
            Year/Period

          

          	
            Type of extreme event

          

          	
            Dominant climate drivers

          

          	
            Most frequently reported environmental and socio-ecological impacts

          
        


        
          	
            1970–1978

          

          	
            Heterogeneous instrumental record (rain gauges/rivers; less regional standardization)

          

          	
            Natural variability + background warming (long-term trend)

          

          	
            Scattered records of local water stress; no standardized “pan-Amazonian” consensus for identifying unique years with the same certainty as in the post-1980 period

          
        


        
          	
            1982–1983

          

          	
            Meteorological and hydrological drought associated with a major climatic anomaly

          

          	
            El Niño (ENSO) as a modulator of subsidence and moisture transport

          

          	
            Declining river levels, increased fire risk in drier areas

          
        


        
          	
            1987

          

          	
            Significant regional drought (historical in some analyses)

          

          	
            ENSO/teleconnections + Atlantic variability

          

          	
            Pressure on local navigation and fire risk

          
        


        
          	
            1997–1998

          

          	
            Severe drought (meteorological/hydrological)

          

          	
            Strong El Niño

          

          	
            Water stress, impact on floodplains/fishing, and increased flammability in degraded areas

          
        


        
          	
            2005

          

          	
            “Anomalous” extreme drought (very intense in the southwestern/south-central Amazon)

          

          	
            Warming of the Tropical North Atlantic (central role) + interactions with variability

          

          	
            Isolation of communities, losses in fisheries and riparian agriculture, increased wildfires and degradation, and effects on carbon and ecosystems

          
        


        
          	
            2010

          

          	
            Widespread extreme drought (one of the most extensive on record)

          

          	
            Convergence of ENSO and Atlantic factors (depending on the intra-annual period) + background warming

          

          	
            Severe impacts on river logistics, water/health (smoke), and forest stress

          
        


        
          	
            2015

          

          	
            Very extensive “mega-drought” (high spatial coverage)

          

          	
            El Niño 2015–16 + Atlantic + global warming increasing evapotranspiration/VPD

          

          	
            Heat and water stress, wildfires, and emissions from fires; impacts on biodiversity and ecosystem services

          
        


        
          	
            2015–2016

          

          	
            Drought + heat (compound event)

          

          	
            El Niño + background warming

          

          	
            Local tree mortality, carbon, smoke/health, forest degradation, and increased susceptibility to fire

          
        


        
          	
            2023

          

          	
            Historic drought + record heat (very well documented)

          

          	
            Combination of El Niño + Atlantic patterns and, above all, global warming intensifying heat/evaporation

          

          	
            Collapse of riverine mobility, isolation, and socioeconomic losses; aquatic fauna mortality; increased wildfires and smoke

          
        


        
          	
            2024

          

          	
            Persistent/worsening severe drought in parts of the basin (following 2023)

          

          	
            Persistence of oceanic anomalies + hydrological memory (soil/storage) + global warming

          

          	
            Navigation and water supply, health, ecological pressure, fire risk
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