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Abstract: Watershed management varies greatly across the world. Local conditions are generally
dictated by how watershed management is regulated at national, regional, and local scales. Both
multisectoral and community-based participatory involvement in watershed management can pos-
itively impact the quality and effectiveness of outcomes. This localization can also be vital to the
achievement of the UN’s Sustainable Development Goals. In recent years, the term “sustainability”
has become overused, has limited quantifiable meaning, and can create “fuzzy” targets. We suggest
that an outcome that focuses on “thrivability” is more appropriate; this refers to the ability to not only
sustain positive conditions for future generations but to create conditions that allow for all living
things (present and future) to have the ability and opportunity to thrive. A thrivability approach
aligns with the 2030 Agenda’s ultimate goal: prosperity for all beings on earth. This study uses a
thrivability lens to compare two study sites. Primary and secondary data were collected for both
the Regional District of Nanaimo (RDN), Canada, and Hydrographic Region VIII (HR-VIII), Brazil,
and have been input and analyzed through our Thrivability Appraisal to determine each region’s
watershed thrivability score. The Thrivability Appraisal uses seven sustainability principles as the
overarching framework. These are then related to four individual subcomponents of watershed health
and three common interest tests based on primary environmental perception and secondary technical
data as inputs. Assuming the centricity of water for prosperity, the final scoring is a culmination
of the 49 total indicators. A comparison is then drawn to the regions’ capacity to achieve the eight
targets for UN Sustainable Development Goal (SDG) 6. The outcome illustrates each region’s water
management strengths and weaknesses, allowing for lessons to be learned and transferred to other
multijurisdictional watersheds.

Keywords: IWRM; SDG 6; thrivability appraisal; sustainability indicator system

1. Introduction

Due to the levels of human impacts on the environment, which have outweighed
natural changes with speeds comparable to those of geological phenomena, the literature
across a range of disciplines has discussed the potential that the time we live in should
have its own name—the Anthropocene [1]. The concept of Anthropocene recognizes that
human actions have affected all terrestrial and aquatic ecosystems and that innovative
approaches are needed to understand impacts, adapt outcomes, and mitigate the changes
humans have forced on the planet [2].
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To bring about societal change at an impactful level and with the speed needed to
mitigate and adapt to earth’s transforming systems, a reorientation and restructuring
of policies, regulations, and practices at all institutional levels toward more effective
governance systems is required [3]. However, the complexity of local, regional, national,
and international governance structures creates challenges in moving collectively to create
positive change. To both respond to this and offer pathways forward, the 17 United
Nations (UN) Sustainable Development Goals (SDGs) have been conceived “to galvanize
governments and civil society to confront the interlinked social, economic, and ecological
challenges of the Anthropocene” [4].

The importance, difficulties, and limitations of evaluating and monitoring change in
socio-environmental systems (SES) towards sustainable development have been extensively
debated in technical and academic literature [5–8]. However, developing an adequate
set of indicator systems that can be used as decision-support tools to guide planetary
society to a sustainable path future is recognized as a worthwhile effort by the scientific
community [9,10].

The UN 2030 Global Agenda represents a concerted political agreement that estab-
lishes 169 targets to be achieved (or substantially moved forward) by 2030, framed into
17 ambitious and interlinked Sustainable Development Goals (SDGs) [11–13]. The overall
objective is to promote prosperity for the whole planet. During the 2030 Agenda formula-
tion process, academia advocated that existing knowledge about the drivers, dynamics, and
limitations of social change processes at all scales must guide the SDGs implementation ef-
forts [4]. Previous research has also examined the complex interconnections, synergies, and
trade-offs among SDGs [11,14–20] and agrees that the SDGs provide meaningful, integrated
indicator systems.

In this context, the purpose of this article is to present “Thrivability Appraisal”, an
indicator system developed as an extension to the 2030 Agenda. It serves as a potential
tool for integrated environmental assessment, focusing on integrated water resources
management (IWRM) and, more specifically, on SDG 6 (Clean Water and Sanitation for All).
The methodology is based on a holistic, integrated conceptual approach that encompasses
factors associated with ecosystem resilience, including the seven sustainability dimensions
involved in environmental management and develops from the foundational position that
democratic governance and poverty alleviation are fundamental to reaching prosperity at
local, regional, national, or global levels [21]. The Thrivability Appraisal indicator system
has been applied at local and regional levels in several watersheds in Brazil [22–24].

This work presents the application of this sustainability indicator system to two SESs
located in rain forest biomes, which are also United Nations Educational, Scientific, and
Cultural Organization (UNESCO) designated Biosphere Reserves: Brazil (Atlantic Rain
Forest Biosphere Reserve) and Canada (Mount Arrowsmith Biosphere Region).

The two studied sites are both representative of rainforests as defined in each bio-
region. Rio de Janeiro’s VIII Hydrographic Region (HR-VIII) (located in UNESCO’s Atlantic
Forest Biosphere Reserve) and the Regional District of Nanaimo (located in UNESCO’s
Mount Arrowsmith Biosphere Region) (Figure 1). As mandated by the Man and Biosphere
Programme (MAB), all biosphere reserves must serve as demonstration sites for three core
functions, including environmental protection, logistical provisioning for scientific research
and education, and sustainable development [25].
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(composed of rough rocky terrain and steep river valleys), is rather well conserved, mainly 
due to Conservation Areas that protect the headwaters of the Macaé River and its main 
tributaries. On the other hand, coastal areas of estuarine alluvial plains (with low and 
sprawling sandy riverbeds, subjected to frequent floods in the rainy season) have been 
highly impacted by accelerated growth and industrial activities driven by the offshore 
petroleum exploitation in Campos Basin over the past few decades. The Macaé River Basin 
is imperative to the Brazilian energy sector, as it supplies all the necessary water for the 
Campos Basin activities (responsible for almost 70% of Brazil’s oil and gas production), 
thermoplants, and harbor and gas terminal facilities installed therein. 

The upper regional territory is organized into small rural settlements, where econo-
mies rely upon family tourism, agriculture, and livestock. The lower region of HR-VIII 
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sources, resource dynamics, watershed users, infrastructure providers, and external forces 
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The Regional District of Nanaimo (RDN) is one of 27 regional districts in British Co-
lumbia, Canada. This form of government is unique to British Columbia and is best de-
scribed as a federation composed of municipalities, electoral areas, and Treaty First Na-
tions, each of which has one or more representatives on a regional district Board of Direc-
tors. Regional districts provide services of shared interest across the partners: water man-
agement, transit, solid waste, sewage treatment, and parks services are often managed at 
the regional level. Each incorporated municipality or First Nation government retains re-
sponsibility for other services within its boundaries, while the regional district manages 
the unincorporated areas. 

Figure 1. Regional District of Nanaimo (RDN) and Hydrographic Region (RH) VIII Location Map.

The HR-VIII covers the Macaé River Basin, the Ostras River Basin, the Imboassica
Lagoon Basin, and other small coastal creeks and wetlands, thus comprising the Brazilian
case study site. Formerly covered by the Atlantic Rain Forest and related ecosystems,
HR-VIII’s territory involves six municipalities with diverse political and administrative
perspectives (Macaé, Nova Friburgo, Casimiro de Abreu, Rio das Ostras, Conceição de
Macabu, and Carapebus). The Atlantic Rain Forest Biosphere Reserve, in its mountain
areas (composed of rough rocky terrain and steep river valleys), is rather well conserved,
mainly due to Conservation Areas that protect the headwaters of the Macaé River and its
main tributaries. On the other hand, coastal areas of estuarine alluvial plains (with low
and sprawling sandy riverbeds, subjected to frequent floods in the rainy season) have been
highly impacted by accelerated growth and industrial activities driven by the offshore
petroleum exploitation in Campos Basin over the past few decades. The Macaé River Basin
is imperative to the Brazilian energy sector, as it supplies all the necessary water for the
Campos Basin activities (responsible for almost 70% of Brazil’s oil and gas production),
thermoplants, and harbor and gas terminal facilities installed therein.

The upper regional territory is organized into small rural settlements, where economies
rely upon family tourism, agriculture, and livestock. The lower region of HR-VIII has a
dense and unequal urbanization pattern in which subnormal agglomerations coexist with
luxurious buildings and industrial facilities. The heterogeneity regarding natural resources,
resource dynamics, watershed users, infrastructure providers, and external forces on both
resources and social actors characterizes a complex SES. The more densely populated and
wealthier lower region holds political power [21] despite its profound social inequalities.

The Regional District of Nanaimo (RDN) is one of 27 regional districts in British
Columbia, Canada. This form of government is unique to British Columbia and is best
described as a federation composed of municipalities, electoral areas, and Treaty First
Nations, each of which has one or more representatives on a regional district Board of
Directors. Regional districts provide services of shared interest across the partners: water
management, transit, solid waste, sewage treatment, and parks services are often managed
at the regional level. Each incorporated municipality or First Nation government retains
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responsibility for other services within its boundaries, while the regional district manages
the unincorporated areas.

The RDN was incorporated in 1967 and includes the municipalities of Nanaimo,
Lantzville, Parksville, and Qualicum Beach, as well as seven unincorporated Electoral
Areas; the total population is estimated at 170,367 [26]. The district is governed by a
19-member Board: 12 directors are from the incorporated municipalities and serve as
locally elected officials within these municipalities, and seven are elected officials from the
electoral areas. The RDN is situated within the territories of several First Nations, including
three with Reserve Lands within the RDN: Snuneymuxw First Nation, Snaw-Naw-As First
Nation, and Qualicum First Nation.

The Regional District of Nanaimo (RDN) covers approximately 208,000 hectares of
land on the central east coast of Vancouver Island, ranging in elevation from approximately
2000 m to sea level, and contains a wide range of ecosystems and biomes from coastal to
high alpine terrains. Approximately 10% of the RDN’s land base is within the provincially
designated Agricultural Land Reserve (ALR), and the remainder is a mix of forested
mountainous areas, settlements ranging from low-density rural development to higher-
density urban settlements, parks, riparian areas, and high connectivity to the Salish Sea.

When we think about sustainable water management (the focus of SDG 6), the adop-
tion of integrated water resources management (IWRM) processes and participatory gov-
ernance models, together with water cleanliness and accessibility, is often at the center of
development issues [27–29]. Academic and technical literature have pointed out the lack of
adequate indicator systems to deal with the multiple types of interactions between SDG 6
and the other SDGs [30,31], integrating the inherent complexity of SES and sustainability
assessments themselves [32].

When water scarcity issues are considered, monitoring data other than that derived
from national statistics needs to be taken into account. Water security indexes obtained by
both modeling or remote sensing quantification techniques are not directly comparable,
depending on boundary system conditions and specifications [33]. In water accounting,
“traditional hydrometric data archives suffer from data gaps, incomplete time series, and
poor spatial resolution, often leading to poor quality databases” [34] (p. 2). Recent situations
have added to this complexity: addressing inequality and poverty while simultaneously
envisioning sustainable future alternatives in the Anthropocene has reached a new level of
importance driven by the COVID-19 pandemic [35]. Regarding IWRM, holistic approaches
that involve interdisciplinary processes and frameworks are seen as essential to achieving
sustainable water resources management [36].

In a broader holistic perspective, the concept of thrivability is said to go beyond
sustainability and to embrace “the qualitative growth that supports full prosperity in part-
nerships” [37] (p. 830). Recognizing that little is known about how thrivability works in
practice, these authors applied it in a conceptual study of entrepreneurial ecosystems. The
complexities implied in evaluating sustainability actions, along with the major implications
of building new development and well-being social and economic paradigms proposed
by the 2030 Agenda, inspired the authors to design the thrivability assessment methodol-
ogy [21]. Testing this innovative qualitative indicator system within two forested study
sites justifies the work presented herein.

2. Materials and Methods

The Thrivability Appraisal is an adaptation of the principles used by long-enduring
institutions for governing sustainable resources described in the literature, considering
the interrelation of the seven sustainability principles [38] with the three principles for
water governance derived from the literature about IWRM [39] along with the guiding
questions of the common interest [40]. The conceptual framework is described in full detail
elsewhere [21,41]. For each of Ostrom’s seven sustainability principles, four individual
subcomponents have been defined. Finally, each was then subjected to three common goods
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interest tests, bridging collaborative governance issues into the SES evaluation. Primary
and secondary data were used as the inputs to determine final scoring (Figure 2).
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Figure 2. Schematic representation of Thrivability Appraisal methodology.

Primary data were collected over a span of fifteen years through participatory ob-
servation of watershed committees and similar working groups that deal with water
management in Brazil and Canada. In Brazil, the Macaé River Watershed Committee (WSC)
and Advisory Council of Environmental Protection Area Macaé de Cima (APA Macaé
de Cima in Portuguese) were chosen as key informants. Survey delivery was conducted
either through individual meetings, by email, or through joint meetings with two or more
representatives of the chosen organization or agency (the preferred format was selected
by the interviewees). The qualitative research profiled in this study was conducted be-
tween September 2015 and February 2016. In Canada, participatory observations during
meetings and seminars involving watershed and environmental organizations and local
stakeholders related to water and biodiversity conservation in the RDN were conducted
between September 2015 and November 2015. The researchers have each been involved in
participatory management initiatives in their respective nations for more than a decade.

Secondary data were collected through document and archival reviews of legal and
official environmental frameworks in Canada and Brazil (laws, bylaws, watershed manage-
ment plans, PA management plans, official community plans, and minutes of environmental
participatory forum meetings). Additionally, bibliographic research into studies relating to
democratic governance and participatory environmental management was completed, with
a focus on academic work relating to environmentally threatened areas and watersheds.

In Canada, among the thirty contacted key informants, twenty-one responded to the
survey: eight from governmental institutions, seven from NGOs and universities, five
from private corporations, and one from a First Nation government. In Brazil, among
the forty-seven contacted key informants (twenty-seven representatives from the Macaé
River WSC and twenty representatives from the Advisory Council of APA of Macaé de
Cima), twenty-four answered the survey: six from governmental institutions, eleven from
NGOs and universities, and five from the private sector. The different views and interests
represented by the study participants suggest a great number of complex interactions in
both regions. Due to the qualitative nature of this study, data collected are assumed to be
both accurate and appropriate as informed by working professionals within the two SES.

To define each principle’s subcomponents and common interest tests, we selected
socioeconomic and environmental currently employed indexes, indicators, parameters, and
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practices to address IWRM external connections and causal links, according to the DPSIR
framework: “driving forces”, “pressures”, “states”, “impacts” on socio-environmental
systems, and societal “responses”. The detailed indicator system scoring criteria are
available for download on the Mount Arrowsmith Biosphere Region Research Institute’s
website at the following link: https://mabrri.viu.ca/sites/default/files/complete-scoring-
criteria-for-thrivability-appraisal.pdf (accessed on 26 August 2023).

Based on the environmental perception of interviewed key informants, a strength and
weakness analysis proceeded by applying a Likert-type scale to compare the thrivability
characteristics of the two study areas’ Socio-Environmental Systems (SES). Likert scales are
commonly used in IWRM, not only in academic studies [42]. We defined a five-level scale
criteria to create a hierarchy of priorities from the thrivability appraisal outputs, resulting
in a thrivability scale. If the total scoring of any sustainability principle is equal to or
below 20, it is considered a “very poor” result and is presented in red; if the total scoring
of any sustainability principle is between 20 and 40, it is considered a “poor” result; if
the total scoring of any sustainability principle is between 40 and 60, it is considered a
“regular” result; if the total scoring of any sustainability principle is between 60 and 80, it is
considered a “good” result; and if the total scoring of any sustainability principle is above
80, it is considered an “excellent” result. When looking at subcomponents or common
interest tests, any score of zero is considered a major challenge to overcome.

Thrivability appraisal methodology was linked to the targets of SDG 6 by calculating
the modes of 51 responses based on their perception of interrelatedness when relating thriv-
ability scores for each principle according to three interaction criteria [11]: 0—consistent
(no significant positive or negative interactions); 1—enabling (creates conditions that fur-
ther the target); 2—reinforcing (aids the achievement of the target); and 3—indivisible
(inextricably linked to the achievement of the target). Participants were chosen from a
wide range of educational backgrounds, including forestry, natural resources, protection,
environmental and agriculture engineering, aquaculture and fisheries, geoscience, geog-
raphy, architecture and planning, biology, ecology, meteorology, recreation, tourism and
sustainable leisure management, sociology, anthropology, history, fine arts and creative
writing, health, psychology, criminology, physics, IT and computer science, civil, mechan-
ics, materials, chemistry, and production engineering and business management. The
range of participants was intentionally broad to ensure diversity. Participants included
students, staff, and faculty from both VIU and IFF, respectively. A schematic representation
of bridging thrivability appraisal with SDG 6’s targets is shown in Figure 3.
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3. Results and Discussion

The current picture of environmental degradation induced by human activities char-
acterizes what current academic literature is referring to as the “Anthropocene”, a period
in which human influences have introduced instability in the terrestrial system at both a
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degree and speed unprecedented in human and geological history [43].Considering the
possibility that humanity has already ventured beyond the edges of ecosystem resilience, as
a way to sustain our civilization, the literature suggests the adoption of profound changes
in current development paradigms to approaches that encompass regenerative economies
and highly innovative designs that profoundly reshape all aspects within political, envi-
ronmental, economic, and sociocultural contexts [44]. The implementation of sustainable
models of development requires the identification of challenges and efforts that are needed
to tackle problems relating to a variety of interconnected social, economic, and environ-
mental factors. Along with this, the temporal dimensions of long-term sustainability must
also be considered [45,46].

Despite the general acceptance of sustainability principles across levels of govern-
ment and environmental entities, questions have certainly been raised on the vagueness
of definitions and the lack of actions that truly achieve stated targets. Many academics
have also been critical of the lack of rigor often characteristic of activities conducted under
the umbrella of “sustainability” [47,48]. In its broadest sense, the “sustainable” part of
the sustainable development paradigm implies that everything that is done now must not
harm future generations. However, the precise meaning of “sustainable” and what it em-
braces varies depending on who is using the term and in what context [49]. The conceptual
inaccuracies associated with its polysemy can even be considered an ideological operation
to reconcile the irreconcilable, that is, unlimited economic growth with the maintenance
of environmental integrity at the planetary level [47]. The multidimensional character of
sustainable development minimally involves economic, environmental, and social dimen-
sions, known as Elkington’s triple bottom line [48]. Similarly, the term sustainability is also
present in various discussions linked to educational, economic, social, and environmental
issues. The words “sustainable” and “sustainability” have perhaps become so overused as
to lose all meaning [48–50].

The concrete challenges for promoting sustainable development and/or sustainability
are often as heterogeneous and complex as the diversity of human societies and natural
ecosystems around the world. In response to the criticisms circling definitional vague-
ness and terminology overuse are literally hundreds of attempts to define indicators and
appropriate methodologies to evaluate sustainability in defined territories. Those efforts
often combine global, national and local level initiatives, such as the Well-Being Index (IB),
the Environmental Sustainability Index (ESI), the indicator systems for sustainable devel-
opment developed by the Global Scenarios Group (GSG), the Living Planet Index (LPI),
the Sustainability Panel (SP), the Genuine Progress Index (GPI), and the Global Reporting
Initiative (GRI), aimed at corporations and nongovernmental institutions. Other indicator
systems are focused on unsustainability, such as the State Failure Task Force (SFTF). To be
inclusive, the range of indicator components has become very broad, but further analysis
reveals that a significant number of those initiatives represent research or environmental
defense groups’ points of view, which may share a narrow or homogeneous vision of
sustainable development and contemplate a large number of aggregated indicators in
order to reflect their own concept of sustainability or to support a particular development
model [48–51].

Bohringer and Jochem conducted a comprehensive study of sustainable development
indexes [51]. The authors concluded that all of them could not fulfill fundamental scientific
requirements, thus being practically useless or even misleading to policymakers. The
author’s criticism focused on normalization as well as the weight and aggregation processes
employed to build such indexes.

Pires et al. evaluated 170 sustainability indicator systems related to water use and
management using the DPSIR framework and found that among the indicator systems
studied, 146 did not fully encompass the main sustainability dimensions [9]. They ranked
the remaining 24 indicator systems that fulfilled the majority of their sustainability criteria.
According to their analysis, the Water Poverty Index—WPI [52] was ranked highest among
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those able to provide core information for IWRM, followed by the Climate Vulnerability
Index—CVI [53] and the Water Reuse Index—WRI [54].

WPI comprises five dimensions: resource (R), access (A), management capacity (C),
water uses (U), and environmental influences regarding water issues and extreme climatic
events (E). It is usually applied at regional or local scales [55,56]. CVI was conceived parallel
to WPI and links water resources with human vulnerability assessments, considering three
dimensions of vulnerability, including exposure to natural disaster and climate variability
(E), sensitivity to health, food and water access (S), and adaptive capability (C) linked to
graphic profile, livelihood strategies, and social networks within the community [53,57].
Inspired by CVI, a climate change vulnerability index was designed to aid as a decision
support tool to increase adaptive capacity to climate-related extreme events in urban
coastal areas [58]. The WRI measures the cumulative water withdrawn during its passage
downstream within a watershed. High WRI values indicate a potential increase in the
competition for multiple water uses, as well as pollution and public health problems [54,59].
WRI and other indicators developed for assessing water reuse and its impacts on multiple-
use watersheds are described elsewhere [60].

Post-2015, when the UN General Assembly endorsed the UN Document A/RES/70/1
“Transforming Our World: the 2030 Agenda for Sustainable Development”, the efforts to
measure SDG achievement and to rank countries according to their pathways towards
sustainability and prosperity resulted in a new sustainability index: the Sustainable De-
velopment Goal (SDG) Index. Initial UN recommendations included a set of 230 global
indicators to achieve (or at least work toward) the 2030 Agenda at national levels. Crit-
icisms of this model note that the SDG Index comprises between one and five variables
per goal for each country, which is widely considered to be too few variables to create a
comprehensive and statistically consistent country rank for each SDG. Furthermore, the
literature points out the need for data-driven and evidence-based implementation and
follow-up processes, which must be scientifically robust tools for decision support and
integrative policy-making at the global, regional, national, and subnational levels [61–66],
especially since the 2030 Agenda adheres to a strong sustainability conceptual formulation
and considers that social and economic development depends on the natural resources and
environment [67].

The SDG Index develops from five fundamental assumptions: (i) the number of
indicators may evolve if new evidence becomes available; (ii) nonofficial data helps bridge
current data gaps; (iii) the 17 SDGs are the final overarching framework; (iv) it is focused
on absolute country performance based on distance to invariant sustainable development
targets; and (v) the reporting of results needs to be presented in ways that are accessible to
a wide audience [68]. As in the case with any composite index, indicator selection is a key
factor for the SDG Index construction [69].

It is noted that the lack of country data is a major limitation for SDG Index temporal
evaluation. Additionally, annual results cannot be compared appropriately once new
variables arise and as data gathering proceeds: the number of global indicators in the four
SDG Index and Dashboards Reports to date were 60 (2016), 83 (2017), 88 (2018), and 93
(2019) [61,63]. According to Sachs et al., 2019 [63] (p. 7), “While the SDG Index compares
average performance across countries, the purpose of the SDG Dashboard is to identify
the policy areas where major progress is needed at the national level. Available time series
data is too sparse to estimate country-level rates of change for a sufficient number of
variables. Further to this, challenges to the 2030 Agenda’s implementation and monitoring
are related to existing governance models: data gathering, decision-making and policy
design which will require “unprecedented level of co-operation and co-ordination, creating
innovative coherent actions in an increasingly fractured geopolitical environment” [70].
Due to the comprehensive nature of the SDGs and the unavailability of data in many
countries, creating a complex and multidimensional data analysis and synthesis process
is challenging. Beyond the SDG’s complex set of interactions that can complicate data
gathering processes, other factors can cause gaps in data collection and analysis, adding
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even further complexity to the design of indicator and monitoring systems regarding SDG’s
operationalization induced by public policies [71,72].

Focusing on a more comprehensive view of sustainable behavior that embeds a holistic
perspective, the theoretical–conceptual framework of a thrivability appraisal integrated
indicator system is expressed in the word “thrivability”, which combines the verb thrive
with the word sustainability; it is intended that this new word is more closely aligned
with the 17 interlinked SDGs and better defines what the SDGs are working to achieve.
Postulating that water provision for multiple uses is essential regarding development issues
and that neither global prosperity nor health is possible without access to fresh water, the
thrivability appraisal focuses on SDG 6 and IWRM practices. The thrivability indicator
system was conceived at the regional level from qualitative evidence brought forth by
survey discourse analysis and tested in two hydrographic regions in the state of Rio de
Janeiro [21,41]. The analysis was then applied to of HR-VIII and the Mount Arrowsmith
Biosphere Region.

Public policies that enforce sustainability strategies based on intra- and intergener-
ational justice were chosen to compose that integrated indicator system, which adopts
a holistic perspective and is grounded on a strong sustainability conceptual framework.
The new system takes available technical data and stakeholders’ perceptions into account
and addresses recommendations that are adherent to the current academic debate on
sustainability assessments and SDG indicators gaps [44,72–78].

The Anthropocene, as defined and discussed by academics, speaks to a world where
intertwined human interactions and impacts are shaping natural processes in ways never
before seen or experienced. The climate crisis, price shocks of food, forced migration,
pandemics, and other socio-ecological dynamics are turbulent examples of the results
of complex feedbacks that characterize the Anthropocene. Once we accept that nature is
deeply shaped and connected to human actions, we begin to understand that environmental
problems cannot be considered simply as a consequence of anthropogenic disturbances
in the balance of nature and, further, that these problems cannot be solved if we evaluate
the systems separate from human influences [79]. Thus, thrivability appraisal results have
no significance if we only examine single indicators, such as cluster principle’s scoring
or a calculated mean score. The results must be analyzed systemically through a lens
that synthesizes clues and directions along with evaluating quantitative results, which are
presented in Figures 4 and 5 and synthesized in Tables 1 and 2.
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Figure 4. Thrivability appraisal results for Hydrographic Region VIII (Brazil) and Regional District
of Nanaimo (Canada). Note: 1 = Social-ecological system integrity; 2 = Resource efficiency and
maintenance; 3 = Livelihood sufficiency and opportunity; 4 = Civil engagement and democratic
governance; 5 = Intergenerational and intragenerational equity; 6 = Interconnectivity from local to
national/global scales; and 7 = Precaution and adaptability.
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Figure 5. Relationship between thrivability appraisal and SDG 6 targets for Hydrographic Region
VIII (Brazil) and Regional District of Nanaimo (Canada). Notes: 1 = SDG 6.1 target (clean water to
all); 2 = SDG 6.2 target (sanitation to all); 3 = SDG 6.3 target (improve water quality); 4 = SDG 6.4
target (increase water-use efficiency); 5 = SDG 6.5 target; 6 = SDG 6.6 target (implement IWRM at all
levels); 7 = SDG 6.a target (expand interaction, cooperation, and capacity building); and 8 = 6.b target
(restore water-related ecosystems).

Table 1. Comparative thrivability appraisal considering overall sustainability principles’ scores of
HR-VIII and RDN.

Sustainability Principle
Thrivability Scale

HR-VIII RDN
1. Social-ecological system integrity 50 50
2. Resource efficiency and maintenance 20 80
3. Livelihood sufficiency and opportunity 40 40
4. Civil engagement and democratic governance 70 30
5. Intergenerational and intragenerational equity 60 30
6. Interconnectivity from local to national/global scales 30 60
7. Precaution and adaptability 50 40

Notes: red = very poor (0–20); orange = poor (up to 40); yellow = regular (up to 60); green = good (up to 80).

Table 2. Modes of environmental perception survey relating thrivability appraisal scoring and SDG
6 targets.

SDG 6 Targets
Thrivability Appraisal Sustainability Principles Interactions

(Modes of 51 Responses)

1 2 3 4 5 6 7

6.1 2 3 2 1 1 2 1

6.2 0 2 3 0 1 1 1

6.3 3 3 1 1 1 2 3

6.4 2 3 1 1 1 2 2

6.5 1 1 0 3 1 2 2

6.6 3 1 1 1 1 2 2

6.6a 0 1 1 1 1 2 2

6.6b 0 2 0 3 1 2 2
Notes: 0—consistent interaction; 1—enabling interaction; 2—reinforcing interaction; and 3—indivisible interaction.
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Table 2 illustrates the values that relate the thrivability appraisal scoring to the SDG
6 targets; due to the broad range of perceptions of our interviewers, we chose to use
mode as the most representative way to score the data. This analysis shows that while
the efficiency and maintenance of resources are the largest challenge in the Brazilian case,
they represent the strongest point in the Canadian case. Expressive differences were also
found in interconnectivity from local to national and global scales, with the Canadian case
exhibiting a better performance. The situation was inverted when civil engagement and
democratic governance were the focus. In Brazil, water is a common good; watershed
committees are deliberative and have their own budgets to apply in watershed restoration.
On Vancouver Island, water management has jurisdictional complexities, and watersheds
tend not to be managed through inclusive, integrated, and funded processes. Through the
lens of a precautionary and adaptability principle, the Brazilian case results were slightly
better due to protected areas strategically set in watersheds and given that management
plans tend to consider the locals’ expectations to thrive.

In the cases studied, equal scores were obtained for sustainability principles 1 and 3.
Regarding social-ecological system integrity, the main challenges observed through the
thrivability appraisal comprise inappropriate land uses, high levels of riparian occupation,
unmonitored or regulated water use, and deforestation of riparian areas in both cases.
HR-VIII’s weakest points were due to failures in the implementation and operation of
command-and-control mechanisms and the lack of publicly available data on superficial
and groundwater quality. The primary weakness in this Canadian example was the defi-
ciency of protected areas within the watersheds. When talking about livelihood sufficiency
and opportunity, both regions failed on common interest tests. In HR-VIII, individuals are
directly dependent on unprocessed natural resource extraction (for example, foraging ac-
tivities for livelihoods or foodstuffs), and traditional populations have problems in finding
work and/or a good income. On Vancouver Island, insufficient livelihood opportunities in
rural areas are also an issue.

According to the perceptions of interview participants, the achievement of universal
and equitable access to safe and affordable drinking water for all (SDG 6, target 6.1) and
resource efficiency and maintenance should be related through an indivisible interaction.
This result points to an inherent difficulty for HR-VIII regarding the solving of sanitation
issues before 2030. Indivisible interactions also link access to adequate and equitable
sanitation and hygiene for all and ending open defecation while paying special attention
to the needs of women and girls and those in vulnerable situations (SDG 6, target 6.2),
and the protection and restoration of water-related ecosystems, including mountains,
forests, wetlands, rivers, aquifers, and lakes (SDG 6, target 6.6) to livelihood sufficiency and
opportunity (sustainability principle 3). Although the Brazilian and Canadian cases have
equal scores regarding sustainability principle 3, RDN’s better expectation in achieving
SDG 6 6.2 targets can be attributed to Canada’s far better performance on resource efficiency
and maintenance, which was considered a reinforcing interaction regarding target 6.2.

Additionally, civil engagement and democratic governance were perceived to be
indivisible to the implementation of integrated water resources management at all levels
(SDG 6, target 6.5) and to support and strengthen the participation of local communities in
improving water and sanitation management (SDG 6, target 6.6b). Target 6.5 is the only
SDG 6 target in which the Brazilian case performance is expected to surpass the Canadian
case. We can attribute this result to regional civil society characteristics but also to Brazilian
Environmental and Water Policy as a whole. As expected, SDG 6.6.3 target (improve water
quality by reducing pollution, eliminating dumping, minimizing the release of hazardous
chemicals and materials, halving the proportion of untreated wastewater, and substantially
increasing recycling and safe reuse) was linked to multiple sustainability principles once
water quality involves multiple and complex interrelated factors. Once again, HR-VIII’s
low scoring in resource efficiency and maintenance put it behind the RDN since HR-VIII is
only slightly better regarding precaution and adaptability and because the two territories
have equal scoring in social-ecological system integrity.



Sustainability 2023, 15, 14898 12 of 15

4. Conclusions

The use of a thrivability approach to the research is intended to highlight that pro-
cesses and approaches should not just be sustainable but should allow people and places
to thrive. This approach, along with the core principles of the SDGs, seeks to illustrate
that all is related: change in one area (positive or negative) has impacts on other aspects
of life on this planet. Overall, good governance, as defined by inclusionary, multidimen-
sional processes, appears to be a better pathway to managing complex systems such as
watersheds. Additionally, commitments to the designation of protected areas and truly
limiting human impacts in these areas are needed to ensure fragile lands, waters, and
resources are not irreparably damaged. Taking a holistic approach to monitoring forested
sites that guarantee water and help to mitigate climate crisis is undeniably relevant to
public policies and decision-making processes. The thrivability appraisal is the result of a
comprehensive IWRM data gathering system. As tested, the indicator system has proved
to be a successful tool when used to compare data for both the Atlantic Rain Forest in Brazil
and the Pacific Rain Forest in Canada and is likely transferable to other regions that may be
similarly lacking detailed information related to IWRM. The case study in Brazil provides
transferable approaches that relate to strong water regulations, engagement processes
firmly based on democratic governance mechanisms, and an approach to strategically
designating conservation areas to protect headwaters from unsustainable development.
The Canadian case study highlights the long history of watershed management dating back
to the Commission of Conservation in the early part of the 20th century, well-established
and respected provincial regulations for watershed and wildlife management, and the
strong interest from local governments in protecting the headwaters and watersheds that
serve as sources for potable water. It is hoped that this research will open new opportunities
for considering interrelated approaches to understanding complex systems and, ultimately,
to improvements that lessen the impacts of humans on this fragile sphere.

Author Contributions: Conceptualization, M.I.P.F., G.S. and P.S.; methodology, M.I.P.F., G.S. and P.S.;
validation, M.I.P.F., L.F.U. and P.S.; formal analysis, M.I.P.F., G.S. and P.S.; investigation, M.I.P.F., G.S.
and P.S.; resources, L.F.U.; data curation, P.S.; writing—original draft preparation, M.I.P.F., G.S. and
P.S.; writing—review and editing, T.N.d.S.R., M.I.P.F., G.S. and P.S.; visualization, G.S.; supervision,
P.S.; project administration, P.S. and L.F.U.; funding acquisition, L.F.U. All authors have read and
agreed to the published version of the manuscript.

Funding: Fundação Carlos Chagas Filho de Amparo à Pesquisa do Estado do Rio de Janeiro—
FAPERJ-Proc. E-26/210.220/2021.

Institutional Review Board Statement: Not applicable.

Conflicts of Interest: The authors declare that they have no known competing financial interests or
personal relationships that could have appeared to influence the work reported in this paper.

References
1. Ruddiman, W.F. The Anthropocene. Annu. Rev. Earth Planet. Sci. 2013, 41, 45–68. [CrossRef]
2. Adler, J.H.; Blomqvist, L.; Fleck, R.K.; Hanssen, F.A.; Huffman, J.L.; Pennington, M.; Regan, S.; Simonds, G.; Simpson, R.D.

Dynamic Environmentalism and Adaptive Management: Legal Obstacles and Opportunities. In Environmental Policy in the
Anthropocene; PERC—Property and Environment Research Center: Bozeman, MT, USA, 2016; pp. 65–92.

3. Birman, F.; Abbott, K.; Andresen, S.; Bäckstrand, K.; Bernstein, S.; Betsill, M.M.; Bulkeley, H.; Cashore, B.; Clapp, J.; Folke, C.
Transforming governance and institutions for global sustainability: Key insights from the Earth System Governance Project. Curr.
Opin. Environ. Sustain. 2012, 4, 51–60. [CrossRef]

4. Norstrom, A.V.; Dannenberg, A.; McCarney, G.; Milkoreit, M.; Diekert, F.; Engström, G.; Fishman, R.; Gars, J.; Kyriakopoolou, E.;
Manoussi, V. Three Necessary Conditions for Establishing Effective Sustainable Development Goals in the Anthropocene. Ecol.
Soc. 2014, 19, 8. Available online: https://www.jstor.org/stable/26269630 (accessed on 2 May 2022). [CrossRef]

5. Wackernagel, M.; Hanscom, L.; Lin, D. Making the sustainable development goals consistent with sustainability. Front. Energy
Res. 2017, 5, 18. [CrossRef]

6. Guijarro, F.; Poyatos, J. Designing a sustainable development goal index through a goal programming model: The case of EU-28
countries. Sustainability 2018, 10, 3167. [CrossRef]

https://doi.org/10.1146/annurev-earth-050212-123944
https://doi.org/10.1016/j.cosust.2012.01.014
https://www.jstor.org/stable/26269630
https://doi.org/10.5751/ES-06602-190308
https://doi.org/10.3389/fenrg.2017.00018
https://doi.org/10.3390/su10093167


Sustainability 2023, 15, 14898 13 of 15

7. Ramos, T.B. Sustainability assessment: Exploring the frontiers and paradigms of indicator approaches. Sustainability 2019, 11, 824.
[CrossRef]

8. UN. The Sustainable Development Goals Report 2020. United Nations Publication Issued by the Department of Economic and
Social Affairs. 2020. Available online: https://unstats.un.org/sdgs/report/2020/The-Sustainable-Development-Goals-Report-
2020.pdf (accessed on 6 June 2021).

9. Pires, A.; Morato, J.; Peixoto, H.; Botero, V.; Zuluaga, L.; Figueroa, A. Sustainability assessment of indicators for integrated water
resources management. Sci. Total Environ. 2017, 578, 139–147. [CrossRef]

10. Janoušková, S.; Hák, T.; Moldan, B. Global SDGs assessments: Helping or confusing indicators? Sustainability 2018, 10, 1540.
[CrossRef]

11. Costanza, R.; Daly, L.; Fioramonti, L.; Giovannini, E.; Kubiszewski, I.; Mortensen, L.F.; Pickett, K.E.; Ragnarsdottir, K.V.; De Vogli,
R.; Wilkinson, R. Modelling and measuring sustainable wellbeing in connection with the UN sustainable development goals. Ecol.
Econ. 2016, 130, 350–355. [CrossRef]

12. Nilsson, M.; Chisholm, E.; Griggs, D.; Howden-Chapman, P.; McCollum, D.; Messerli, P.; Neumann, B.; Stevance, A.; Visbeck,
N.; Stafford-Smith, M. Mapping interactions between the sustainable development goals: Lessons learned and ways forward.
Sustain. Sci. 2018, 13, 1489–1503. [CrossRef]

13. Weitz, N.; Carlsen, H.; Nilsson, M.; Skanberg, K. Towards systemic and contextual priority setting for implementing the 2030
agenda. Sustain. Sci. 2018, 13, 531–548. [CrossRef] [PubMed]

14. Hutton, C.W.; Nicholls, R.J.; Lázár, A.N.; Chapman, A.; Schaafsma, M.; Salehin, M. Potential trade-offs between the sustainable
development goals in coastal bangladesh. Sustainability 2018, 10, 1108. [CrossRef]

15. Mainali, B.; Luukkanen, J.; Silveira, S.; Kaivo-oja, J. Evaluating synergies and trade-offs among sustainable development goals
(SDGs): Explorative analyses of development paths in south asia and sub-saharan africa. Sustainability 2018, 10, 815. [CrossRef]

16. Engström, R.; Destouni, G.; Howells, M.; Ramaswamy, V.; Rogner, H.; Bazilian, M. Cross-scale water and land impacts of local
climate and energy Policy—A local swedish analysis of selected SDG interactions. Sustainability 2019, 11, 1847. [CrossRef]

17. Cook, D.; Saviolidis, N.; Davidsdottir, B.; Johannsdottir, L.; Ólafsson, S. Synergies and trade-offs in the sustainable development
Goals—The implications of the icelandic tourism sector. Sustainability 2019, 11, 4223. [CrossRef]

18. Huan, Y.; Li, H.; Liang, T. A new method for the quantitative assessment of sustainable development goals (SDGs) and a case
study on central asia. Sustainability 2019, 11, 3504. [CrossRef]

19. Ament, J.M.; Freeman, R.; Carbone, C.; Vassall, A.; Watts, C. An empirical analysis of synergies and tradeoffs between sustainable
development goals. Sustainability 2020, 12, 8424. [CrossRef]

20. Hegre, H.; Petrova, K.; Uexkull, N. Synergies and trade-offs in reaching the sustainable development goals. Sustainability 2020, 12,
8729. [CrossRef]

21. Ferreira, M.I.P.; Shaw, P.; Sakaki, G.; Alexander, T. Thrivability Appraisals: A Tool for Supporting Decision-making Processes in
Integrated Environmental Management. Int. J. Sustain. Policy Pract. 2017, 13, 19–36. [CrossRef]

22. Mafort, A.V.L.; Rodrigues, A.C.C.; Ferreira, M.I.P.; Neto, R.S. Sustentabilidade de sistemas socioambientais: Comparativo entre a
Região Hidrográfica VIII do estado do Rio de Janeiro e sua zona costeira. Espaço E Econ. 2019, 8. [CrossRef]

23. Machado, R.P.; Donnini, J.G.B.; Ferreira, M.I.P. 2030 Agenda and sustainable water management: Application of thrivability
appraisal methodology to River Una watershed, Rio de Janeiro, Brasil. In Proceedings of the VIIIth Environmental Studies
Meeting (VIII REA), Gramado, Brazil; 2018; p. 9REA1522. Available online: https://pt.slideshare.net/anielycosta/anais-da-9-
reunio-de-estudos-ambientais/ (accessed on 20 January 2022).

24. Ferreira, M.I.P. Água Como fio Condutor dos ODS: Avaliando o Bem-Estar Com um Sistema Holístico de Indicadores de Sustentabilidade
Aplicados à Gestão de Recursos Hídricos; ENAP—Brazilian School of Public Administration: Brasília, Brazil, 2022. Available online:
https://repositorio.enap.gov.br/handle/1/7249/ (accessed on 2 May 2022).

25. Reed, M.G. Conservation (In)Action: Renewing the Relevance of UNESCO Biosphere Reserves. Conserv. Lett. 2016, 9, 448–456.
[CrossRef]

26. Statistics Canada. Census Profile, 2021 Census of Polulation: Profile Table. 2021. Available online: https://www12.statcan.gc.
ca/census-recensement/2021/dp-pd/prof/details/page.cfm?Lang=E&SearchText=nanaimo&DGUIDlist=2021A00035921&
GENDERlist=1&STATISTIClist=1&HEADERlist=0 (accessed on 2 May 2022).

27. Bhaduri, A.; Bogardi, J.; Siddiqi, A.; Voigt, H.; Vörösmarty, C.; Pahl-Wostl, C.; Bunn, S.E.; Shrivastava, P.; Lawford, R.; Foster, S.;
et al. Achieving sustainable development goals from a water perspective. Front. Environ. Sci. 2016, 4. [CrossRef]

28. McCracken, M.; Meyer, C. Monitoring of transboundary water cooperation: Review of sustainable development goal indicator
6.5.2 methodology. J. Hydrol. 2018, 563, 1–12. [CrossRef]

29. Benson, D.; Gain, A.K.; Giupponi, C. Moving beyond water centricity? conceptualizing integrated water resources management
for implementing sustainable development goals. Sustain. Sci. 2019, 15, 671–681. [CrossRef]

30. IPEA—Instituto de Pesquisa Econômica Aplicada. Cadernos ODS: ODS 6—Assegurar Disponibilidade e Gestão Sustentável da água e
Saneamento Para Todas e Todos; IPEA: Brasília, Brazil, 2019. Available online: https://www.ipea.gov.br/portal/images/stories/
PDFs/livros/livros/190524_cadernos_ODS_objetivo_6.pdf/ (accessed on 31 July 2022).

31. Bennich, T.; Weitz, N.; Carlson, H. Deciphering the scientific literature on SDG interactions: A review and reading guide. Sci.
Total Environ. 2020, 728, 138405. [CrossRef]

https://doi.org/10.3390/su11030824
https://unstats.un.org/sdgs/report/2020/The-Sustainable-Development-Goals-Report-2020.pdf
https://unstats.un.org/sdgs/report/2020/The-Sustainable-Development-Goals-Report-2020.pdf
https://doi.org/10.1016/j.scitotenv.2016.10.217
https://doi.org/10.3390/su10051540
https://doi.org/10.1016/j.ecolecon.2016.07.009
https://doi.org/10.1007/s11625-018-0604-z
https://doi.org/10.1007/s11625-017-0470-0
https://www.ncbi.nlm.nih.gov/pubmed/30147787
https://doi.org/10.3390/su10041108
https://doi.org/10.3390/su10030815
https://doi.org/10.3390/su11071847
https://doi.org/10.3390/su11154223
https://doi.org/10.3390/su11133504
https://doi.org/10.3390/su12208424
https://doi.org/10.3390/su12208729
https://doi.org/10.18848/2325-1166/CGP/v13i03/19-36
https://doi.org/10.4000/espacoeconomia.8335
https://pt.slideshare.net/anielycosta/anais-da-9-reunio-de-estudos-ambientais/
https://pt.slideshare.net/anielycosta/anais-da-9-reunio-de-estudos-ambientais/
https://repositorio.enap.gov.br/handle/1/7249/
https://doi.org/10.1111/conl.12275
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/details/page.cfm?Lang=E&SearchText=nanaimo&DGUIDlist=2021A00035921&GENDERlist=1&STATISTIClist=1&HEADERlist=0
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/details/page.cfm?Lang=E&SearchText=nanaimo&DGUIDlist=2021A00035921&GENDERlist=1&STATISTIClist=1&HEADERlist=0
https://www12.statcan.gc.ca/census-recensement/2021/dp-pd/prof/details/page.cfm?Lang=E&SearchText=nanaimo&DGUIDlist=2021A00035921&GENDERlist=1&STATISTIClist=1&HEADERlist=0
https://doi.org/10.3389/fenvs.2016.00064
https://doi.org/10.1016/j.jhydrol.2018.05.013
https://doi.org/10.1007/s11625-019-00733-5
https://www.ipea.gov.br/portal/images/stories/PDFs/livros/livros/190524_cadernos_ODS_objetivo_6.pdf/
https://www.ipea.gov.br/portal/images/stories/PDFs/livros/livros/190524_cadernos_ODS_objetivo_6.pdf/
https://doi.org/10.1016/j.scitotenv.2020.138405


Sustainability 2023, 15, 14898 14 of 15

32. Dijk, M.; Kraker, J.; van Zeijl-Rozema, A.; van Lente, H.; Beumer, C.; Beemsterboer, S.; Valkering, P. Sustainability assessment as
problem structuring: Three typical ways. Sustain. Sci. 2017, 12, 305–317. [CrossRef]

33. Vanham, D.; Hoekstra, A.Y.; Wada, Y.; Bouraoui, F.; De Roo, A.; Mekonnen, M.M.; van de Bund, W.J.; Batelaan, O.; Pavelic, P.;
Bastiaanssen, W.G.M.; et al. Physical water scarcity metrics for monitoring progress towards SDG target 6.4: An evaluation of
indicator 6.4.2 “Level of water stress”. Sci. Total Environ. 2018, 613–614, 218–232. [CrossRef]

34. Fehri, R.; Khlifi, S.; Vanclooster, M. Disaggregating SDG-6 water stress indicator at different spatial and temporal scales in tunisia.
Sci. Total Environ. 2019, 694, 133766. [CrossRef]

35. Ashford, N.A.; Hall, R.P.; Arango-Quiroga, J.; Metaxas, K.A.; Showalter, A.L. Addressing inequality: The first step beyond
COVID-19 and towards sustainability. Sustainability 2020, 12, 5404. [CrossRef]

36. Apostolaki, S.; Koundouri, P.; Pittis, N. Using a systemic approach to address the requirement for integrated water resource
management within the water framework directive. Sci. Total Environ. 2019, 679, 70–79. [CrossRef]

37. Moggi, S.; Pierce, P.; Bernardi, N. From sustainability to thrivability: A novel framework for entrepreneurial ecosystems. Int.
Entrep. Manag. J. 2022, 18, 829–853. [CrossRef]

38. Ostrom, E. General framework for analyzing sustainability of social-ecological systems. Sci. (Am. Assoc. Adv. Sci.) 2009, 325,
419–422. [CrossRef] [PubMed]

39. Larson, K.L.; Wiek, A.; Keeler, L.W. A comprehensive sustainability appraisal of water governance in phoenix, AZ. J. Environ.
Manag. 2013, 116, 58–71. [CrossRef] [PubMed]

40. Clark, S.G.; Vernom, M.E. Governance Challenges in Joint Inter-jurisdictional Management: The Grand Teton National Park,
Wyoming, Elk Case. Environ. Manag. 2015, 56, 286–299. [CrossRef] [PubMed]

41. Ferreira, M.I.P.; Shaw, P.; Sakaki, G.K.; Alexander, T.; Donnini, J.G.B.; Rego, V.V.B.S. Collaborative governance and watershed
management in biosphere reserves in brazil and canada. Rev. Ambiente Água 2018, 13, 1E–11E. [CrossRef]

42. Munkhsuld, E.; Ochir, A.; Koop, S.; van Leeuwen, K.; Batbold, T. Application of the City Blueprint Approach in Landlocked
Asian Countries: A Case Study of Ulaanbaatar. Water 2020, 12, 199. [CrossRef]

43. Rana, S.; Ávila-García, D.; Dib, V.; Familia, L.; Gerhardinger, L.C.; Martin, E.; Martins, P.I.; Pompeu, J.; Selomane, O.; Tauli, J.I.;
et al. The voices of youth in envisioning positive futures for nature and people. Ecosyst. People 2020, 16, 326–344. [CrossRef]

44. Ott, K. Institutionalizing strong sustainability: A rawlsian perspective. Sustainability 2014, 6, 894–912. [CrossRef]
45. Newman, B.; Ott, K.; Kenchington, R. Strong sustainability in coastal areas: A conceptual interpretation of SDG 14. Sustain. Sci.

2017, 12, 1019–1035. [CrossRef]
46. Mori, K.; Christodoulou, A. Review of sustainability indices and indicators: Towards a new city sustainability index (CSI). Environ.

Impact Assess. Rev. 2012, 32, 94–106. [CrossRef]
47. Purvis, B.; Mao, Y.; Robinson, D. Three pillars of sustainability: In search of conceptual origins. Sustain. Sci. 2018, 14, 681–695.

[CrossRef]
48. Bell, S.; Morse, S. Sustainability Indicators: Measuring the Immeasurable, 2nd ed.; Earthscan: New York, NY, USA, 2008; p. 251.
49. Marques, L. Capitalismo e Colapso Ambiental, 1st ed.; Editora Unicamp: São Paulo, Brasil, 2018.
50. Bell, S.; Morse, S. Sustainability indicators past and present: What next? Sustainability 2018, 10, 1688. [CrossRef]
51. Böhringer, C.; Jochem, P.E.P. Measuring the immeasurable—A survey of sustainability indices. Ecol. Econ. 2007, 63, 1–8. [CrossRef]
52. Sullivan, C.; Meigh, J.; Lawrence, P. Application of the water poverty index at different scales: A cautionary tale: In memory of

jeremy meigh who gave his life’s work to the improvement of peoples lives. Water Int. 2006, 31, 412–426. [CrossRef]
53. Sullivan, C.; Meigh, J. Targeting attention on local vulnerabilities using an integrated index approach: The example of the climate

vulnerability index. Water Sci. Technol. 2005, 51, 69–78. [CrossRef] [PubMed]
54. Vörösmarty, C.J.; Douglas, E.M.; Green, P.A.; Revenga, C. Geospatial indicators of emerging water stress: An application to africa.

Ambio 2005, 34, 230–236. [CrossRef]
55. Huang, S.; Feng, Q.; Lu, Z.; Wen, X.; Deo, R.C. Trend analysis of water poverty index for assessment of water stress and water

management polices: A case study in the hexi corridor, china. Sustainability 2017, 9, 756. [CrossRef]
56. Guimarães, É.; Ferreira, M.I. Na contramão dos objetivos do desenvolvimento sustentável: Avaliação da pobreza hídrica na

região estuarina do rio macaé, Macaé/RJ. Saúde E Soc. 2020, 29. [CrossRef]
57. Pandey, R.; Jha, S. Climate vulnerability index—Measure of climate change vulnerability to communities: A case of rural lower

himalaya, India. Mitig. Adapt. Strateg. Glob. Chang. 2011, 17, 487–506. [CrossRef]
58. Zanetti, V.; Junior, W.C.S.; Freitas, D.M. A climate change vulnerability index and case study in a brazilian coastal city. Sustainability

2016, 8, 811. [CrossRef]
59. UN-Water. The United Nations World Water Development Report 4: Managing Water under Uncertainty and Risk; World Water

Assessment Programme (WWAP): Paris, France, 2012; Chapter 6: From Raw Data to Informed Decisions; pp. 158–173. Available
online: https://unesdoc.unesco.org/ark:/48223/pf0000215644 (accessed on 6 June 2021).

60. Simons, G.W.H.; Bastiaanssen, W.G.M.; Immerzeel, W.W. Water reuse in river basins with multiple users: A literature review. J.
Hydrol. 2015, 522, 558–571. [CrossRef]

61. Schimidt-Traub, G.; Karoubi, E.M.; Espey, J. Indicators and a Monitoring Framework for the Sustainable Development Goals:
Launching a Data Revolution for the SDGs. 2015. Available online: https://resources.unsdsn.org/indicators-and-a-monitoring-
framework-for-sustainable-development-goals-launching-a-data-revolution-for-the-sdgs/ (accessed on 11 November 2021).

https://doi.org/10.1007/s11625-016-0417-x
https://doi.org/10.1016/j.scitotenv.2017.09.056
https://doi.org/10.1016/j.scitotenv.2019.133766
https://doi.org/10.3390/su12135404
https://doi.org/10.1016/j.scitotenv.2019.05.077
https://doi.org/10.1007/s11365-021-00787-x
https://doi.org/10.1126/science.1172133
https://www.ncbi.nlm.nih.gov/pubmed/19628857
https://doi.org/10.1016/j.jenvman.2012.11.016
https://www.ncbi.nlm.nih.gov/pubmed/23291042
https://doi.org/10.1007/s00267-015-0515-z
https://www.ncbi.nlm.nih.gov/pubmed/25904468
https://doi.org/10.4136/ambi-agua.2225
https://doi.org/10.3390/w12010199
https://doi.org/10.1080/26395916.2020.1821095
https://doi.org/10.3390/su6020894
https://doi.org/10.1007/s11625-017-0472-y
https://doi.org/10.1016/j.eiar.2011.06.001
https://doi.org/10.1007/s11625-018-0627-5
https://doi.org/10.3390/su10051688
https://doi.org/10.1016/j.ecolecon.2007.03.008
https://doi.org/10.1080/02508060608691942
https://doi.org/10.2166/wst.2005.0111
https://www.ncbi.nlm.nih.gov/pubmed/15918360
https://doi.org/10.1579/0044-7447-34.3.230
https://doi.org/10.3390/su9050756
https://doi.org/10.1590/s0104-12902020190070
https://doi.org/10.1007/s11027-011-9338-2
https://doi.org/10.3390/su8080811
https://unesdoc.unesco.org/ark:/48223/pf0000215644
https://doi.org/10.1016/j.jhydrol.2015.01.016
https://resources.unsdsn.org/indicators-and-a-monitoring-framework-for-sustainable-development-goals-launching-a-data-revolution-for-the-sdgs/
https://resources.unsdsn.org/indicators-and-a-monitoring-framework-for-sustainable-development-goals-launching-a-data-revolution-for-the-sdgs/


Sustainability 2023, 15, 14898 15 of 15

62. Lafortune, G.; Fuller, G.; Schmidt-Traub, G.; Kroll, C. How is progress towards the sustainable development goals measured?
comparing four approaches for the EU. Sustainability 2020, 12, 7675. [CrossRef]

63. Sachs, J.; Kroll, C.; Schmidt-Traub, G.; Lafortune, G.; Fuller, G. Sustainable Development Report 2019: Transformation to Achieve
the Sustainable Development Goals. 2019. Available online: https://www.sdgindex.org/reports/sustainable-development-
report-2019/ (accessed on 20 April 2022).

64. Horan, D. National baselines for integrated implementation of an environmental sustainable development goal assessed in a new
integrated SDG index. Sustainability 2020, 12, 6955. [CrossRef]

65. Horan, D. Enabling integrated policymaking with the sustainable development goals: An application to ireland. Sustainability
2020, 12, 7800. [CrossRef]

66. Ionescu, G.H.; Firoiu, D.; Tanasie, A.; Sorin, T.; Pirvu, R.; Manta, A. Assessing the Achievement of the SDG Targets for Health and
Well-Being at EU Level by 2030. Sustainability 2020, 12, 5829. [CrossRef]

67. Boto-Álvarez, A.; García-Fernández, R. Implementation of the 2030 agenda sustainable development goals in spain. Sustainability
2020, 12, 2546. [CrossRef]

68. Schmidt-Traub, G.; Kroll, C.; Teksoz, K.; Durand-Delacre, D.; Sachs, J.D. National baselines for the Sustainable Development
Goals assessed in the SDG Index and Dashboards. Nat. Geosci. 2017, 10, 547–556. [CrossRef]

69. Diaz-Sarachaga, J.M.; Jato-Espino, D.; Castro-Fresno, D. Is the sustainable development goals (SDG) index an adequate framework
to measure the progress of the 2030 agenda? Sustain. Dev. 2018, 26, 663–671. [CrossRef]

70. Kanie, N.; Griggs, D.; Young, O.; Waddell, S.; Shrivastava, P.; Haas, P.M.; Broadgate, W.; Gaffney, O.; Kőrösi, C. Rules to goals:
Emergence of new governance strategies for sustainable development: Governance for global sustainability is undergoing a
major transformation from rule-based to goal-based. but with no compliance measures, success will require an unprecedented
level of coherency of action founded on new and reformed institutions nationally and internationally. Sustain. Sci. 2019, 14,
1745–1749. [CrossRef]

71. Hall, R.; Ranganathan, S.; Kumar, R. A general micro-level modeling approach to analyzing interconnected SDGs: Achieving
SDG 6 and more through multiple-use water services (MUS). Sustainability 2017, 9, 314. [CrossRef]

72. Hering, J. Managing the ‘Monitoring imperative’ in the context of SDG target 6.3 on water quality and wastewater. Sustainability
2017, 9, 1572. [CrossRef]

73. Burford, G.; Hoover, E.; Velasco, I.; Janouskova, S.; Jimenez, A.; Piggot, G.; Podger, D.; Harder, M.K. Bringing the “Missing pillar”
into sustainable development goals: Towards intersubjective values-based indicators. Sustainability 2013, 5, 3035–3059. [CrossRef]

74. Waas, T.; Hugé, J.; Block, T.; Wright, T.; Benitez-Capistros, F.; Verbruggen, A. Sustainability assessment and indicators: Tools in a
decision-making strategy for sustainable development. Sustainability 2014, 6, 5512–5534. [CrossRef]

75. Dizdaroglu, D. The role of indicator-based sustainability assessment in policy and the decision-making process: A review and
outlook. Sustainability 2017, 9, 1018. [CrossRef]

76. Bartram, J.; Brocklehurst, C.; Bradley, D.; Muller, M.; Evans, B. Policy review of the means of implementation targets and
indicators for the sustainable development goal for water and sanitation. Npj Clean Water 2018, 1, 3. [CrossRef]

77. Guppy, L.; Mehta, P.; Qadir, M. Sustainable development goal 6: Two gaps in the race for indicators. Sustain. Sci. 2019, 14, 501–513.
[CrossRef]

78. Cossio, C.; Norrman, J.; McConville, J.; Mercado, A.; Rauch, S. Indicators for sustainability assessment of small-scale wastewater
treatment plants in low and lower-middle income countries. Environ. Sustain. Indic. 2020, 6, 100028. [CrossRef]

79. Reyers, B.; Folke, C.; Moore, M.; Biggs, R.; Galaz, V. Social-Ecological Systems Insights for Navigating the Dynamics of the
Anthropocene. Annu. Rev. Environ. Resour. 2018, 43, 267–289. Available online: https://www.annualreviews.org/doi/pdf/10.114
6/annurev-environ-110615-085349 (accessed on 2 May 2022). [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/su12187675
https://www.sdgindex.org/reports/sustainable-development-report-2019/
https://www.sdgindex.org/reports/sustainable-development-report-2019/
https://doi.org/10.3390/su12176955
https://doi.org/10.3390/su12187800
https://doi.org/10.3390/su12145829
https://doi.org/10.3390/su12062546
https://doi.org/10.1038/ngeo2985
https://doi.org/10.1002/sd.1735
https://doi.org/10.1007/s11625-019-00729-1
https://doi.org/10.3390/su9020314
https://doi.org/10.3390/su9091572
https://doi.org/10.3390/su5073035
https://doi.org/10.3390/su6095512
https://doi.org/10.3390/su9061018
https://doi.org/10.1038/s41545-018-0003-0
https://doi.org/10.1007/s11625-018-0649-z
https://doi.org/10.1016/j.indic.2020.100028
https://www.annualreviews.org/doi/pdf/10.1146/annurev-environ-110615-085349
https://www.annualreviews.org/doi/pdf/10.1146/annurev-environ-110615-085349
https://doi.org/10.1146/annurev-environ-110615-085349

	Introduction 
	Materials and Methods 
	Results and Discussion 
	Conclusions 
	References

