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Abstract: The lexical analysis of seminal policy-to-diplomacy documents from the socio-environmental
discourse of the last fifty year agendas allowed examining the evolution of five themes: resources/waste,
pollution, social and economic development, justice, and health. Contextual affinities were strongest between
resources, pollution, and health and are linked to societal trends and pressures. On those grounds, the central
role of resource stewardship according to nature’s physical limits is highlighted, and dedicated concepts,
analytical frameworks, and methodologies with different degrees of sustainability are analyzed. To reframe
the identified social and economic problems, the work proposes criteria and choices that (1) allow to compare
the dynamics of socioecological states across the planet, (2) help matching the pace of socioecological change
by addressing path dependencies through participation and engagement of communities, and (3) enable
stakeholders to make trade-offs and take decisions in specific social, economic, political, and cultural contexts.
The prioritization of resource justice and responsibility becomes a societal project: from Wellfare State to
commonfare communities.

Keywards: access and (re)allocarion ; data systems ; carrying capacity ; earth4all ; ecological
civilization ; one health; planetary boundaries ; planetary health ; quality of life ; societal boundaries
; socioecological agendas

Nature is our only hope... (Pisaro)

Collective inclusion into nature is percieved by human groups as a problem which they must overcome
in order to exist as such (Charbonnier, 2015).

1. Introduction. Shifting Agendas - 50 Years of Socioecological Miopia

The reality of the last 50 years is that 75% of the world's population still lives in poverty, with
10% in extreme poverty. If the latter has been partly reduced, social inequalities have exploded
(NASEM, 2021 ; Dyxson-Decléve et al, 2022). Likewise, it is worth mentioning the contrast between
the total funds allocated to the protection of biodiversity (approximately 130 million dollars per year)
and the subsidies harmful to the environment (of the order of 2.5 billion dollars per year) (Narain et
al, 2022). Thus, if global wealth has increased, this has been to the detriment of nature and a large
part of humanity.

This is not all : the launch of government-supported organizations including financial
institutions, corporates, and market service providers with over US$20 trillion in assets, called
Taskforce on Nature-related Financial Disclosures framework and Science-based Targets Network
pilots (https://tnfd.global/about/), has set a highway for corporate to take action on nature (TNFD,
2023). For example, green finance for conservation consists of compensation mechanisms that are
permits to pollute and speculate through markets working toward the commodification of nature.
Obviously, ecological priorities are not market priorities.

And yet, the report for the Club of Rome (Meadows et al, 1972) has provided decades ago a
political, economic, social, and environmental questioning of the dominant economic model, starting
from the issue of the finiteness of physical resources. Also, in the Stockholm Declaration (1972) the
development of human societies was seen as closely dependent on nature, i.e., the inseparability of
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the social, environmental, and developmental matters. This means that economic and governance
systems exert direct and indirect effects on ecosystems and, in return, the resulting externalities
feedback on social and governance structures (Ostrom, 2009; Bourgeron et al, 2018). These reports
have illuminated scientific and diplomatic paths such as

e the Rio Summit (1992) focused on the Millennium Development Goals, followed by the Sustainable
Development Goals (SDG), but whose political effects proved weak (Biermann et al, 2022). Namely,
SDG targets and indicators seem to ignore how socioecological processes operate, are biased toward
economic growth (essentially resource productivity, efficiency, and intensity), fail to monitor
absolute trends in resource use, and underscore ecological goals, e.g., SDGs rely mainly on
institutions responsible for unsustainable resource use (Eisenmerger et al, 2020);

e  the ecological footprint and subsequently planetary boundaries (Suppl. Filel ; Steffen et al, 2009;
Whitmee et al, 2015) to quantify human pressures on the biosphere;

e  societal boundaries (Suppl. File 1 ; Brand et al, 2021) to specify the frameworks in which increasingly
strong social inequalities occur and how to bridge them with genuine physical boundaries (Gupta et
al, 2023) or the doughnut economics approach (Raworth, 2017), and the carrying capacity modelling
(Mote et al, 2020 ).

In order to understand how this scientific, institutional, and diplomatic dynamics evolved over
the 1972-2021 period, we have

e  sketched the societal and geopolitical landscape of this period (Figure 1);

e dissected the elements of language and the evolution of associated discourses deployed over the last
fifty years using five structuring themes: resources/scarcity, pollution/waste, social and economic
development, justice, and health (Pincemin and Negrutiu, 2023).

2023-EU
2020 beyond grewth;
2020-NASEM

_ 20159 — UNEP
2003, 2009, 2020 - pandemics reforts, resources;

2010 Planetary Health)
2008 A 2020 - subprime and other crises 2010 — Aichi objectives
] biodiversity
2003-05 - 3rd oil shock
2001/02 - internet bubble, SM crash
2000 1970-2022 - Davos Forum rhetoric
1997/8 - Russian and Asian crises

1993 - EMS CrisiS 1992 _ Rio Summit, followed by MDGs and SDGs
1991 — RMA, New Zealand
1990 1989 — fall of the Berlin Wall 1990 — first IPCC report

1987 — Brundtland Report
1984/5 — UNEP, chemical pollution recommendations
1982 — developing 1982 — World Charter of Nature (la responsabilité)
1980 countries crises

2 oil shocks
1970 1968-1972 -Stockholm Declaration; Bruntland report; Meadows report.

(1946-48 — WHO; Human Rights Decl; Havana Charter; ILO; WB:IMF; WTO - exGATT)
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Figure 1. The diagram illustrates the geopolitical and institutional context of the last 50 years in which
the analysis has spotted its lexical analysis. That reality is characterized by the time of crises (ordinate
axis) which were essentially financial and energetic, and the time of institutional and diplomatic
agendas and rhetorics (abscissa axis). This landscape expresses, in various forms and with varying
intensity, the shared responsibility and the urgent need for appropriate measures to protect nature
and its resources, at the national and international, individual and collective, private and public levels.
The list of examples is not exhaustive.
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Notes and abbreviations.

WHO, World Health Organization; ILO, International Labor Organization; IMF, International
Monetary Fund; WB, World Bank; WTO ex-GATT, World Trade Organization; IPCC, International
Group of Climate Experts; EMS, European Monetary System, and more general awareness of the
limits of free capital movements; RMA, Resource Management Act; MDGs, Millennium Development
Goals; SDG, Sustainable Development Goals; SM, Stock Market; UNEP, United Nations Environment
Program; NASEM, National Academies of Sciences, Engineering, and Medicine of the United States
— Nobel Prize call and report on the science of sustainability.

Based on several science and/or diplomacy texts from the period 1970 — 2020 (Suppl. File2), we
attempted to understand how international institutions sought responses to social, economic, and
environmental crises. Our work identified the following main points):

(1)The theme of resources emerges as a primary economic and political concern for the period
analyzed;

(2) The analysis of lexical contexts shows that resources/energy and pollution are systematically
linked, their origin being multiple (industry, agriculture, transport);

(3) The link between pollution and health is affirmed throughout the discourses. The extraction-
production-consumption-waste cycles have consequences on the health of people and environments.
These consequences are all the more marked as elements of institutional discourse and policies that
have become more vague and permissive (e.g., deregulation) from the 1990s on;

(4) The link between resources and health as a factor of justice and social health is expressed in
a less direct way (see also Ottersen et al, 2014); however, it can be recognized in the repeated links
between environment and health (impacts of a degraded environment on health);

(5) The constant concern of early texts for demography loosens its concrete dimension in more
recent texts to shelter behind less politically sensitive issues (e.g., SDGs, energy efficiency, and more
generally climate and well-being).

To summarize, the observed links between resources - global pollution - health constitute the
backbone of a social and ecological deconstruction carrying current systemic crises (see also Fuller et
al, 2022). The reasons are the lack of political coherence and the growing weight of economics and
finance in political developments, but also the limits of technological solutionism and the dogma of
infinite growth (Meadows et al, 2005; Dixson-Decleéve et al, 2022). It is the transition from discourse
to its implementation which does not work, because the political will expressed during 50 years has
been unable to overcome its own institutional inertia and the growing influence of unbriddled
economic and financial systems resulting from it (Negrutiu et al, 2023).

It was not until 2021 that the Nobels (NASEM, 2021) clearly expressed fairly radical positions,
arguing that since GDP does not measure health, one can no longer ignore the increasingly marked
relationships between global pollution and health. They were seeking to define priorities:
¢  The commons, already highlighted in Brundtland (1987) and reaffirmed in the US National

Academies debates (NASEM 2021b; 2023a), remain the institutional horizon to reach, AND
e  Planetary health (Suppl. Filel ) emerged as one of the key ideas, further confirmed through the

joint program of the American and Chinese Academies (NASEM, 2023b).

In the same vein, the Global Alliance on Health and Pollution and the derived Lancet
Commission on Pollution and Health (associating UN institutions, NGOs, the World Bank, the EU,
academia, and Ministries of Health in several developing countries) advocate for resources and
solutions to soil, water, air, and other types of pollution problems and associated health consequences
(Fuller et al, 2022).

2. The Global Resources

Main agendas concentrate nowadays on climate change, biodiversity, energy, or water use. As
shown in the previous chapter, the resources problematic as a whole revealed itself as a historical
denominator. Resources are the nutrients of social ecosystems (Sverdrup et Ragnarsdottir, 2014) and
stand therefore as a prerequisite of sustainable societies. However, humans wrongly frame resources.
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What follows is a brief argumentation and contextualization of the current resource landscape (Suppl.
File 3).

The notion of resource is a social construction, a political concept, and a mode of production - it
is technology, law, culture which define what is or can be a resource. The mobilized resource base is
constantly the subject of debates, negotiations, and choices. Their perception by societies is constantly
evolving (Arrow et al, 2004). The political assertion that human societies can free themselves without
limits of material constraints in a world with finite resources is a very problematic gamble.

The perception of this finitude has led to considering resources in terms of stock and measurable
stock. To set up a metric, it was necessary to distinguish resources, a subjective and controversial
notion, and reserves, a category objectified by the criteria of extraction, production, and marketing,
sometimes manipulated by strategic communication. But these figures would only be meaningful if
they could be compared with an assessment of needs (Negrutiu and Salles, 2013). However, the ratios
which divide the identified reserves by the consumption of the current year have no other meaning
than to know whether the actors manage to control the stocks or must invest in the discovery or
development of new reserves. Hence ill-informed debates about resource scarcity. Price variations
are indicators of supply - demand imbalances, and act as levers for investments.

Economics of resource scarcity. Freibauer et al (2011) define scarcity as a combination of
observed shortage of natural resources, a perceived dependency on natural resources, and the fear of
their global depletion (also see Neumayer, 2000). They analyzed the synergistic effects between and
within "old scarcities" (fertile land, fresh water, energy, phosphorus) and "new scarcities"
(environmental degradation, loss of biodiversity, or transition time). The political, social,
organizational, institutional, and economic determinants of scarcity raise concerns about the future
availability, accessibility, utility value, and distribution of resources (also see Kemp and Owen, 2023).
For example, resource scarcity generating institutions create profitable shortages and
overexploitation of resources leading to impared freedom, social inequality, and environmental
degradation (see also De Schutter, 2017).

Importantly, this apparent disorder is likely to have his roots in the maldistribution of rents from
natural resources and the effective supremacy and protection of exclusive property rights (material
and immaterial), together with the absence of an international competition law (Collart Dutilleul,
2021). By extension, this highlights the asymmetry between the dominant market rules (supply and
demand) and the necessary adequacy between the vital resource needs of populations and the
maintenance of the life-support capacity of natural environments on which societies depend. That
asymmetry further reflects the ongoing process of ecological colonization driven by developed
countries (Hickel et al, 2022).

Resource governance. The resource problematics are largely restricted to economic and market
logic, natural resources being merely considered as fluxes of values and exploited with no
consideration of environmental or social costs (Negrutiu, 2022). The demographic and market
pressures, and the global natural resources “rush” have led to chronic socio-ecosystemic deficits or
debts, with food-health-environment-poverty imbalances (real-time simulations available at
http://www.worldometers.info/). The examples below tend to illustrate the efforts deployed by
certain institutions or organizations to tackle some of the main difficulties or bottlenecks.

(1) The New Zealand Resource Management Act (RMA, New Zealand Parliament, 1991 and
2023) is a pioneering reform in environmental law creating an integrated natural resource sustainable
management system at the apex of the country’s legislative hierarchy to direct all other policies,
standards, plans, and decision-making. It illustrates how an integrated resource governance can serve
as an overarching principle spanning the national interest.

(2) The International Resource Panel (IRP), UNEP. The Panel is an independent group of
scientific experts established in 2007 by the UN under the auspices of UNEP to help countries use
natural resources without compromising present and future human needs. The Panel's specific
mission is to contribute to assessing environmental impacts across the entire life cycle through a
better understanding of how to decouple economic growth from environmental degradation. The
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IRP reports express, year after year, the pragmatic vision and exhaustive expertise the Panel has
developed (UNEP, 2019), with no or insignificant effect on business as usual.

(3) The Natural Resources Governance Framework, an initiative of the International Union for
the Conservation of Nature, has provided a “set of principles, standards, and tools for assessing
natural resource governance and promoting its improvement” (IUCN, 2019) through transparency,
liability, controllability, responsibility, and responsiveness.

There is little if any cross talk between such institutional achievements and there is no agreed
upon assessment methodologies and instruments. To that end Fairbrass et al (2020) have proposed a
guide for natural capital assessment. The Natural Capital Indicator Framework organizes a large
number of variables into a set of key and headline indicators based on the Four-Capital model of
wealth creation (e.g., natural capital stocks of ecosystem and commodity assets, ecosystem flows from
natural capital, human inputs and outputs in the form of benefits and residuals).

Open questions. The following could highlight some of the pending issues :

e The opposition between exhaustible and renewable resources (biotic or abiotic) remains
structuring. The exploitation of the former must be reasoned in relation to the substitutes
imagined, while the potential of biological resources is conditioned by the management of their
stocks.

e  Ultimately, can societies live on a base of exclusively renewable resources? The challenge is
enormous, because the quantitative ratio of exhaustible/renewable resources raises questions
about the capacity of exclusive renewable energy options to offer a choice other than voluntary
sobriety as a way of life (Neumayer, 2000). Therefore, the inegrated management of resources,
in particular water and energy resources, becomes the challenging issue for ecological
sustainability, equitable technological progress, and social welfare (Ramirez-Marquez et al,
2024).

e  The unequal distribution of resources, in quantity and quality, is at the origin of rents which
have ambiguous relationships with economic development and remain a source of tension and
geo-political conflict (Gabriel-Oihamburu et al, 2012; Gylfason, 2011). Thus, history shows
examples of resource mobilization in which the abundance of resources translated into less
development in the better-endowed countries. The explanations provided focus largely on the
political economy. Colonial and post-colonial strategies of global economy domination
generated skewed relationships between stakeholders to the detriment of local communities and
with pernicious environmental consequences (Umejesi, 2023). We expect these unjust and unsafe
resource policies to operate in the same way on biological resources. Who owns nature has
become the last political and economic boundary.

e  The maldistribution of rents from natural resources is grounded in institutions and political
economy despite the fact that in most national constitutions natural resources are common
property resources. The supreme status of human rights in international law grants people equal
and non-discriminatory access to common property resources (Wenar, 2008 ; Mahon, 2008 ;
Gylfason, 2018). In addition, the right to an adequate standard of living provides leverage to the
imperative redistribution of incomes and resources within societies (Hickel, 2019).

e  What levels of accessible resources need to be fairly allocated in the coming two decades
(Dixson-Decleve et al, 2020; Hickel et al, 2019) while maintaining the life support capacity of the
Earth system ?

Reframing social and economic problems according to nature’s physical limits linked to social
trends and presures make the object of the next chapter.

3. Boundary Approaches in socioecosystemic Context — Coupled Human-Natural Systems

Planetary Boundaries. The concept (Suppl. Filel) has been widely adopted by UN and other
international and national bodies, agendas, and scholars. It is about the Earth’s buffering capacity
endangered by human activities that affect primarily the biosphere, namely the Critical Zone, i.e., the
intersect of atmosphere, hydrosphere, litosphere, and the living (Suppl. Filel). They constitute the
self-regulating functions and cycles of the biosphere, those on which the ecosystem services so much
depend on.
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The buffering capacity, when investigated through planetary boundaries, consists of a system of
thesholds or tipping points defining safe versus risk range values (updated by Rockstrom et al, 2023).
Several of the global scale boundaries have presently been transgressed.

As for the merits of the planetary boundary approach, one can put forward the better
understanding of the Earth system and safeguarding the global commons. Conversely, boundary
values remain controversial for land use change or fresh water variables, as do the quantification of
biodiversity loss, functional biosphere integrity, and global pollution
(https://en.wikipedia.org/wiki/Planetary_boundaries). Furthermore, concerns have been raised
about using such boundaries in isolation. Also, the issue of whether the economic and political control
and management through thresholds would be meaningful. For example, land use change boundary
alone would not take into account soil degradation and soil loss processes. The necessity of including
a tenth boundary, the net primary production as the measure of accesible biomass, has been proposed
(Running, 2012 ). Last but not least, the area of planetary boundaries has been viewed as an evolving
concept to be used with precaution, while social sciences have challenged the unidirectional thinking
of the approach (Brand et al, 2021) arguing for the need to elaborate not only a safe but also a just
Earth system.

Two of the above limitations require some additional consideration.

(1) Compiling interactions and connections between boundaries is essential. It would allow, for
instance, interlinking pollution and water resource degradation, or the nexus between land use
change, water boundary, and biomass production. In this sense, our analysis has showed that
individual boundaries can be aggregated into two major pressure subsystems of the biosphere,
namely food systems and global physico-chemical pollution (Arguello and Negrutiu, 2019 ; see also
Campbell et al, 2017). In this acception, the soil-water-biomass system is conceived as a major primary
resource matrix (Negrutiu et al, 2020).

This clarification can radically change the way tools for alternative environmental evaluation are
developed to inform resource policies and decision-making with broad poverty, health, and
economic development implications. For example, when addressing energy transition concerns
(Millward-Hopkins et al, 2020 ; Rammelt et al, 2022), food security as metabolic energy stands out as
the most urgent energy transition issue for most of humanity.

(2) Plantary Boundaries integrate nowadays some of the just Earth system boundaries, by
considering three justice criteria for a safe space for humanity, namely interspecies, intra- and inter-
generational justice (Rockstrom et al, 2023).

Taken together, the ensuing social dimensions are finally understood as a societal boundary
system that integrates social justice for resources and services linked with planetary limits
constraints.

Societal boundaries. Earth system justice is meant to allow living within biophysical boundaries
in ways that enable a fair access to essential and interrelated needs and services (Millward-Hopkins
et al, 2020). A just access to material resources concentrates on universal needs, such as food, water,
energy, and infrastructures (e.g., housing, transport). This is based on international human rights
principles extending to procedural and substantive (i.e., distributive, corrective, and restorative
justice ; Gupta et al, 2023) consisting of principles of equal distribution, meeting minimal needs for
all, and limiting excess resource use. They are likely to aleviate the unequal impacts of pollution,
epidemics, or acces to land, but also to adress responsibilities for environmental degradation and
disparities between countries, communities, and social and racial groups (Hickel et al, 2022).

The operationalization of the Earth justice framework targets access and allocation means, such
as (1) access to information in decision-making, to civic space and legal remedies, minimum resources
and services, AND (2) Allocation of risks and harms, as well as of responsibilities for access and risks.
For example, access indicators have been established to quantify key material needs for food, water,
energy, and infrastructure at two levels : escape from poverty and enabling a dignified life (Rammelt
et al, 2022). Once evaluated, the minimum needs are integrated with the current levels of
consumption figures and converted to pressure levels per capita and per global Earth system.
Stewart-Koster et al (2024) have specifically evaluated the basic access to water within the safe and
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just Earth system . This has been done based on eight groups of river basins across the world

according to a range of access levels and as function of available surface and ground water. This is

one way to assess the (in)adequacy of needs versus resources required in the Earth system for the
preservation of life-support capacities of ecosystems.

It is worth noting that societal boundaries have additional dimensions that embrace contrasting
behavioural aspects, such as trust, immoderation, prestige. Since human needs expand with
knowledge, technology, and material richness
e freedom has largely been built on the abundance of resources, a colonial and industrial era

lasting imprint that persists under a variety of geopolitical strategies (Charbonnier, 2020 ;

Umejesi, 2023) ;

e the essence of power systems relies on the multidimensional logic of unbridled rush and
competition on resources, the mantra of productivity and concentration (i. e., low cost nature
and labor ; Moore, 2015 ).

In summary, societal boundaries can become instrumental in promoting societal self-limitation
with specifications debated according to sociocultural determinants implying institutional reframing
of how goods, services, etc., are produced, distributed, and consumed (Brand et al, 2021). Stated
otherwise, the knowledge and actionable capacity of designing economies as social projects at the
junction between nature and societies are gaining ground. On these lines, Table 1 is a synthesis of
additional and complementary contributions to the field, including the Club of Rome report 2022, the
Carrying Capacity (HANDY model), Beyond GDP (Gumbo model and Quality of Life), the Ecological
Civilization, and Resources-Planetary Health frameworks.

Table 1. Contrasting and complementary concepts and methods, aiming at internalizing social and
ecological costs. The analyzed frameworks emphasize different aspects of alternatives to business as
Usual.

Methodol d
Reefs odology an Ecosystem condition Social condition Observations
Planetary boundaries, a 10 (11) tippingAccess and allocation levelsPrescriptive, from global to
points system: biosphere functionalof minimal needs, such asnational scales.

integrity, natural ecosystem areafood/nutrition, hygiene andSome countries develop PB

surface and ground water, nitrogen andwater, energy, housing,approach to assess natural

Safe & just Earth
system (PB & SB)

Rockstrom et al,
2023; Rammelt et

phosphorus, aerosols, oceantransport. ~ Next:  livingcapital = states.  Possible
al, 2022; Gupta et™ © . . . ;. i
acidification, climate, (biomass). Definesconditions, healthcare,extension of SB to non-
al, 2023. ) ) _
risks levels. education. material needs.
Sectors: wellbeing,
Earth for all 2022Energy, crop, and food sectors . gNon—prescriptive. 11
population, output-

(Club of Rome)  production. Effects of human economy
Dixson-Decléve eton climate, nutrients, forests, and
al, 2022. See alsobiodiversity acording to planetary

synthetic parameters (>100
variables and 80 fixed
parameters, including
feedback effects).

consumption, public, labor
market, demand, finance,
i . reform delay, inequality and
Suppl File 4. boundaries. . .
social tensions.

Human system variablesNon-prescriptive. A minimal
Earth system variables: nature capacity(levels, rates of change,model with bidirectionally

Carrying capacitywith regeneration and depletion ratesdistributional inequality) -interacting variables not

(HANDY model,and leves ( non-renewable stocks,fertility, mortality, migration,tested so far in real life

offering a singleregenerating stocks, renewable flows).heanlth, GDP/capita, materialcontexts. =~ Indicators  of
end-indicator Associated to sink processes, consideredand energy per capita, wasteprogress: 1. Reduce per capita
combining severalas ecosystem services. and emissions per capita, etc. consumption and pollution;
factors andProjected variables: atmosphere andProjected variables:2. Stabilize the population; 3.
variables) chemistry, land, ocean and sea ice,demographics, water use Reduce inequality in resource
Mote et al, 2020. aerosols, carbon cycle, vegetationagriculture, energy, industry,consumption and the

dynamics. construction, transportation,production of waste,

trade. emissions and pollution.
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Ecosystem services assessment,

conversion to monetary values.

Ecosystem services subdivided intoQuality of Life indicators for
seven main types and ecosystem goodshuman needs, such as

Non-prescriptive. 930
variables, 1715 parameters in
a global model integrating

Beyond GDP _ . . . . dynamic feedbacks between
into four main types. Simulate carbon,identity, freedom, .

(GUMBO model) . . . . . _technologies, economy, well-
water, and nutrient fluxes. Virtual pricessubsistence, reproductlonb .

Boumans et al, . ., being, and ecosystem goods
for each service. and care, security,

and services within a
dynamic Earth system. Local
to global, individual to
collective,  targetting the
common good sector.

2002; Costanza et

al, 2007. Includes variations of policy settingsunderstanding and

concerning the rates of investmentparticipation, spirituality and
across natural, social, human, and builtcreativity.
capital.

Gross ecological Product (GEP), a

measure of the aggregate monetary

value of ecosystem-related goods andSocial life and public services
Eco-civilization services flows in a given region in an(population growth and
(carring capacityaccounting period.(Market and non-density, physicians and

Non-prescriptive.  Regional
analyses.

Spatially explicit integrated
equiv.) market prices, value of marginal productmedical beds, rural and patia’ly exp grate
. . . . ._ecological—- economic
Ouyang et al, 2020;and proxies using measures of avoidedurban = housing, = public . .
. . modeling that predicts the
Zuo et al, 2021;Mior replacement costs). transportation and road area,

ow of ecosystem services,

et al, 2022. Alternative approach: resources (water,park area, public libraries, . .
. . and economic valuation.
forest cover, ..), environmental pressurecollege student figures).
(pollution), and environmental
governance.
Resources-
Planetary Health The state of the ecosystem capital: core . o L
Y y P Public health core indicatorsNon-prescriptive. Local to
Integrates accounts for land use change, water and . :
L . and universal healthglobal. Annual accounting
ecosystem, social,rivers, biocarbone, and ecosystem . ] .
s o . coverage; Equitable accessperiod. Experimental
and people’sinfrastructure. Territorial potential for . .
R ) . and allocation of resourcestransposition of the UN
health (carringbiophysical entities measured as ) . .
for all. Universal socialsystem of Environmental

capacity  equiv.;Ecological value. Four core accounts are

dynamic integrated, with intensity of use an dprotection (education, health, Accounting adopted by the

shelter, employment,UN Statistical Commission in

dashboard ofhealth index as common denominator,
. . . . revenue, ...). The place of the2021. As complement to
interactions, and proxies for ecosystem services and . . . .
. . . . market in political andcurrent national accounting
interdependencies biodiversity. =~ An  instrument to_. . . L
o . .. financial ~ decisions,  thesystem. Objective for

between understand territorial trends, identify . .

. . . X promotion of the commonsstakeholders: no net social
variables). degradation risks, and the impact of

Arguello et alpublic policies and economic activitiesand ecological programmingand ecological degradation.

2022; Negrutiu eton the ecological potential.
al, 2023.

Note: Non-prescriptive assessment instruments enable tracing socioecological trajectories in the context of

in public policies.

unpredictable effects of cumulative shocks, such as pandemics, climate and associated crises, technological social
impacts, societal trust and acceptance, ....

4. Socioecosystems as Carrying Capacity, a Debt and Inclusive Health Repair System

The accellerating degradation of socioecosystems during the past decades means
acknowledging the existence of unpaid costs corresponding to socioecological debts (Weber, 2018).
The accumulation of such debts over time remains virtual as long as they are not measured and
recorded in balance-sheets in order to be offset so as to anticipate and avoid economic and political
risks.

The debt-cost thinking can be translated into a health state assessment of socioecological
situations undergoing degradation (or improvement). For example, the current Planetary Boundary
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states and risk scales represent, as a matter of fact, a giant health bubble, from individuals to societies
and the planet at the same time (Suppl. Filel ; Negrutiu et al, 2023). The extension of the notion of
health to the social aspects is also a way of thinking the economic health. It would make it possible
to strengthen a set of legislative and political potentialities, e.g., instruments for developing the
commons and for assessing real social and ecological costs.

In attempting the current debt-cost-health reframing, one has to dive in the current inclusive
health landscape. It consists of frameworks known as One Health, Ecohealth, Planetary Health, or
Global Health (Suppl. Filel). One Health and Planetary Health stand out as two competing programs
in science, economy, and policy areas developed in the last decade.

Both One Health and Planetary Health present themselves as holistic and systems-based
approaches, allign with SDGs and climate agendas, and ambition integrating policy, legislation,
finance, sectoral activities and institutions, and coordinating capacity building, knowledge, and data
spheres.

The main dimension that is apparently lacking or at least is not directly addressed is the social
health per se (Suppl. Filel, the integrated systemic health).

To deal with the above caleidoscopic picture, the synoptic Table 1 indicates that the analyzed
approaches offer alternatives, substitutes or complements to GDP. Is there a unifying principle across
the growing socioecosystemic family? Carrying Capacity (Suppl. Filel; Mote et al, 2020) is very likely
the concept that best reflects the necessity to integrate nature and human systems and to maximize
socioecological outcomes. Carrying capacity is human economy within and with nature. In this sense,
the analyzed frameworks illustrate different levels of sustainability modelization capacity, risk
boundary assessment, variable interdependences or feedbacks, and operationalization.

For example, the physical dimensions of carrying capacity is addressed through Planetary
Boundaries, Earth system models, environmental (e)valuations (Suppl. File 3), Gross Ecosystem
Product, global resources. The social aspects of carrying capacity includes dashboards of fair access
and allocation of material and other needs, quality of life indicators, social life and services indicators,
and the market versus the commons instruments.

5. Future directions — Natural Resources Stewardship to Meet People’s Basic Needs and
Maintaining Life-Sustaining Capacity of Natural Systems

The reported landscape of competing concepts, instruments, and variables has led to a
heterogeneity that generates confusion. For example, environmental evaluation methodologies
(Weber, 2018) in use operate via (1) Pressure based indicators (reference value or limits, e.g., planetary
boundaries and quotas), (2) Ecosystem services assessment and valuation (albeit confronted with the
limits of monetary valuation), and (3) Ecosystem maintenance (systemic) approaches that evaluate
ecosystem health and degradation costs that can translate in compensation versus restoration
strategies. In the spirit of the present analysis, choices should be dictated by the respective capacity
of such methodologies to inform the common interest, while implementing good practices in public
policies and economic activities (see also Ostrom, 2007). For example, making food systems and
forestry practices become regenerative, nature positive has become at present an absolute priority in
a just transition process (Negrutiu, 2022; see also Ramiez-Marquez et al, 2024).

Making methodological choices is important for an additional reason, namely enabling
performing simultaneous comparative evaluations of socioecological states and dynamics across the
planet at different geographical scales. For that purpose, the following can constitute the matrix of
future developments:

(1) Global resources stewardship becomes the common denominator in assessing human
activities and institutional systems. Priorities should be set on Central Zone resources, namely soil,
water, and biomass, combined with collectively making decisions on resource extraction and waste
emissions. Defining in context extraction and consumption caps is likely to become the norm.

(2) Considering current Earth system limits and the state of economic and social matters,
revisiting wealth allocation/redistribution mechanisms from market to State levels should be the first
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step in defining a safe and just Earth system. The consequence will be a substantial transformation of

business as usual.

(3) In the light of the above objectives, research work and science-to-policy developments (cf.
Table 1) should focus on
e  The Earth for All protocol, designed for global, regional, and national trends modeling (also see

Suppl. File 4). Free availability of the Earth for All game, with a user-friendly interface, would

allow running the model by various actors and scholars with highly profitable methodological

benefits.

e  The Resources-Planetary Health toolbox, designed to assess ecological, social, and public health
indicators and to model interactions among them, enables local to national scale annual
reporting and integration into national accounts. The tool can be enriched by the Just Earth
system protocol (e.g., Rammelt et al, 2022). For local resource sectors or categories, the Ostrom
approach (Ostrom, 2009) — at the crossroad of institutional management and community-based
natural resource stewardship — is taylored for collective responsibility, enforcement of social
norms and institutions, and conflict prevention or mitigation in areas as diverse as land use and
tenure systems governance, food security, or fair access to water and forest services.

Deploying the full potential of the above proposed methodologies requires careful consideration
and political commitment to reframing the big data landscape. A great deal of data resources are
currently not Feasible, Accessible, Interoperable, and Reproducible (FAIR system; Wilkinsson et al,
2016; Fairbrass et al, 2020; Arguello et al, 2022; Ramirez-Marquez et al, 2024). Coordination of
international bodies and national public policies on data systems

and dedicated platforms is still far from reality. If it were, its implementation would allow
working out meaningful and coherent standards and taxes, rules and good practices of investment,
full cost of products and activities and thus the amortization of unpaid socioecological capital (e.g.,
financing of restoration and conservation of nature, payment for ecosystem services), covering
ecological and financial risks, effective conditionality of public contracts, and much more.

Conflicts of Interest: The author declares no conflict of interest.

References

1.  Arguello ] and Negrutiu I (2019) Agriculture and global physico-chemical deregulation / disruption:
planetary boundaries that challenge planetary health. Lancet Planetary Health 3, e10-e11

2. Arguello ], Weber JL, Negrutiu I (2022) Ecosystem Natural Capital Accounting - the landscape approach at
a territorial watershed scale. Quantitative Plant Biology.https://www.doi.org/10.1017/qpb.2022.11.

3. Arrow KJ, P. Dasgupta, L. Goulder, G. Daily, P. Ehrlich, G. Heal, S. Levin, K.-G. Miler, S. Schneider, D.
Starrett, B. Walker. Are we consuming too much? Journal of Economic Perspectives 18, 3 (2004) 147-172.

4. Barnosky AD, Hadly EA, Bascompte J, Smith AB (2012) Approaching a state shift in Earth’s biosphere,
Nature 486, 52-58

5. BiermannF, Hickmann T, Sénit C-A, Beisheim M, Bernstein S et al (2022) Scientific evidence on the political
impact of the Sustainable Developmental Goals. Nature Sudstainability 5: 795-800.

6. Boros, A. Tozsér, D. (2023) TheEmerging Role of Plant-Based Building Materials in theConstruction
Industry — A Bibliometric Analysis. Resources, 124. https://doi.org/10.3390/resources12100124

7. Boumans R, Costanza R, Farley J, Wilson MA, Portela R et al (2002) Modeling the dynamics of the integrated
earth system andthe value of global ecosystem services using the GUMBOmodel. Ecological Economics 41,
529-560.

8.  Bourgeron P, Kliskey A, Alessa L, Loescher H, Krauze K, Virapongse A, Griffith DL (2018) Understanding
large-scale, complex, human-environmental processes: a framework for social-ecological observatories,
Frontiers in Ecology and the Environment 16, S1, S52-566.

9.  Brand U, Muraca B, Pineault E, Sahakian M, Schaffartzik A, Novy A et al (2021) From planetary to societal
boundaries: an argument for collectively defined self-limitation. Sustainability: Science, Practice and Policy
17:1,265-292.  DOI:10.1080/15487733.2021.1940754

10. Brundtland report (1987). Our Common Future. Report of the World Commission on Environment and
Development. United Nations. Auvailable from:
https://sustainabledevelopment.un.org/content/documents/5987our-common-future.pdf

11. Campbell BM, Beare D], Bennett EM, Hall-spencer JM, Ingram JS et al (2017) Agriculture production as a
major driver of the Earth system exceeding planetary boundaries. Ecology and Society 22.
https//doi.org/10.5751/ES-09595-220408



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 March 2024 d0i:10.20944/preprints202403.0798.v1

11

12.  Charbonnier P (2015) La fin du grand partage. Nature et société, de Durkheim a Descola. CNRS, Paris.

13. Charbonier P (2020) Abondance et liberté, une histoire environnementale des idées politiques, Paris, La
Découverte.

14. Colard Dutilleul F (2021) Nourir. Quand la démocratie alimentaire passe a table. Les Liens qui Libérent.
Paris, pp 88-97.

15. Daily G and Ehrich P (1992) Population, Sustainability, and Earth's Carrying Capacity. Bio-Science 42/10,
761-771

16. de Castaneda RR, Villers J, Faerron Guzman CA, Eslanloo T, de Paula N, et al (2023) One Health and
Planetary Health research: leveraging differences to grow together. LancetPlanetary Health 7, e110-e111

17. Dixson-Decleve S, Gaffney O, Ghosh Y, Randers J, Rockstrém J, Stoknes PE (2022) Eath for all. Club of
Rome. New Society publisher

18. De Schutter O (2017) The political economy of food systems reform. European Review of Agricultural
Economics 44(4), 705-731. doi:10.1093/erae/jbx009

19. Eisenmenger N, Pichler M, Krenmayr N, Noll D, Plank B, Schalmann E, Wandl MT, Gingrich S (2020) The
Sustainable Development Goals prioritize economic growth over sustainable resource use: a critical
reflection on the SDGs from a socio-ecological perspective. Sustainability Science 15, 1101-1110.

20. Fairbrass A, Mace G, Ekins P, Milligan B (2020) The natural capital indicator 765 framework (NCIF) for
improved national natural capital reporting, Ecosystem Services, 46, 766, p. 101198.

21. FAO, UNEP, WHO, and WOAH (2022) One Health Joint Plan of Action (2022-2026). Working together for
the health of humans, animals, plants and the environment. Rome. https://doi.org/10.4060/cc2289%en

22. Freibauer A, Mathijs E, Brunori G, Damianova Z, Faroult E, Girona i Gomis J et al (2011) Sustainable Food
Consumption and Production in a Resource-constrained World. 3rd SCAR Forsight Expert Group Report,
European Commission Standing Committee on Agricultural Research (Scar).
https://ec.europa.eu/research/scar/pdf/scar_3rd-foresight_2011.pdf

23. Fuller R, Landrigan P, Balakrishnan K, Bathan G, Bose O'Reilly D et al (2022) Pollution and health: a
progress update. The Lancet Planetary-Health 6/6, E535-E547.  DOL:https://doi.org/10.1016/S2542-
5196(22)00090-0

24. Gabriel-Oyhamburu K (2010) Le retour d'une géopolitique des ressources ? L'Espace Politique, n°12. En
ligne: [https://espacepolitique.revues.org/1796]

25. Gupta ] and Lebel L (2020) Access and allocation in earth system governance : lessons learnt in the context
od Sustainable Development Goals. Int Environ Agreements 20, 393-410

26. Gupta ], Liverman D, Prodani C, Aldunce P, Bai X et al (2023) Earth system justice needed to identify and
live within Earth system boundaries. Nature Sustainability 6, 630-638. DOI: 10.1038/s41893-023-01064-1

27. Gylfason T (2011) Natural Resource Endowment: A Mixed Blessing? In: Beyond the curse : policies to
harness the power of natural resources. Eds. R Arezki, T Gylfason, and A Sy. Washington, DC :
International Monetary Fund, pp 7-34.

28. Gylfason T (2018) Political economy, Mr. Churchill, and natural resources. Mineral Econom- 24 ics 31, 23-
34.

29. Hickel J (2019) The Imperative of Redistribution in an Age of Ecological Overshoot: Human Rights and
Global Inequality. Humanity: An International Journal of Human Rights, Humanitarianism, and
Development 10/3, 416-428. 10.1353/hum.2019.0025

30. Hickel], O'Neill DW, Fanning AL, Zoomkawala H (2022) National responsibility for ecological breakdown
: a fair-shares assessment of resource use, 1970-2017. Lancet Planetary Health 6, e342-e349

31. ITUCN (2019) An Introduction to the IUCN Natural Resource Governance Framework (NRGF)
https://www.iucn.org/sites/dev/files/content/documents/introduction_to_the_nrgf version_1_july_2019.p
df

32. Kemp D and John R. Owen JR (2024) Researching ““resource frontiers” is vital forunderstanding the human
consequences of scalingup renewable energy technologies. One Earth 7, 167-170.

33. Krausmann F., S. Gingrich, N. Eisenmenger, K.H. Erb, H. Haberl, M. Fischer-Kowalski. Growth in global
materials use, GDP and population during the 20th century. Ecological Economics 68 (10) (2009), 2696-2705.

34. Lerner H and Berg C (2017). A comparison of three holistic approaches to health: One Health,EcoHealth,
and Planetary Health. Front. Vet. Sci 4, 163. doi: 10.3389/fvets.2017.00163.

35. Living Planet report (2012)
http://wwf.panda.org/about_our_earth/all_publications/living_planet_report/

36. Mahon C (2008) Progress at the Front: The Draft Optional Protocol to the International Covenant on
Economic, Social and Cultural Rights. Human Rights Law Review 8: 4, 617-646

37. Meadows DH, Meadows DL, Randers ], Behrens IIl WW (1972) The Limits to Growth; a Report for the Club
of Rome's Project on the Predicament of Mankind. New York, Universe Books.

38. Meadows D, Meadows DL, Randers ] (2005) A synopsis: The Limits to Growth: The 30-Year Update,
London, Earthscan Editions.



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 March 2024 d0i:10.20944/preprints202403.0798.v1

12

39. Mi L, Jia T, Yang Y, Jiang, L, Wang B et al (2022) Evaluating the Effectiveness ofRegional Ecological
CivilizationPolicy: Evidence from JiangsuProvince. China. Int. J. Environ. Res.Public Health 19, 388.
https://doi.org/10.3390/ijerph19010388

40. Millward-Hopkins ], Steinberger JK, Rao ND, Oswalda Y (2020) Providing decent living with minimum
energy: A global scenario . Global Env Change 65.  https://doi.org/10.1016/j.gloenvcha.2020.102168

41. Moore JW (2015) Capitalism in the web of life. Ecology and the accumulation of capital. Verso, London and
New York, pp. 272-315.

42. Mote S, Rivas ], and Kalnay E (2020) A Novel Approach to Carrying Capacity: From a priori Prescription
to a posteriori Derivation Based on Underlying Mechanisms and Dynamics . Annual Review of Earth and
Planetary Sciences 48: 657-683

43. Mwatondo A, Rahman-Shepherd A, Hollmann L, Chiossi S, Maina J (2023) A global analysis of One Health
Networks and the proliferation of One Health collaborations. Lancet 401, 605-616

44. Narain K., Bhattu-Babajee R, Gopy-Ramdhany N, Seetanah B (2022) Assessing the impact of financial
inclusion on economic growth: A comparative analysis between lower middle-income countries and upper
middle-income countries, Business and Management Review, 13, 69-84

45. NASEM (2021a) National Academies of Sciences, Engineering, and Medicine 2021. Progress, Challenges,
and Opportunities for Sustainability Science: Proceedings of a Workshop in Brief. Washington, DC: The
National Academies Press. https://doi.org/10.17226/26104

46. NASEM (2021b). Our Planet, Our Future. An Urgent Call for Action. Nobel Prize Laureates and Other
Experts Issue Urgent Call for Action After ‘Our Planet, Our Future’ Summit. Statement. National
Academies of Sciences, Engineering, and Medicine, April 29, 2021. Available from:
https://www.nationalacademies.org/news/2021/04/nobel-prize-laureates-and-other-experts-issue-urgent-
call-for-action-after-our-planet-our-future-summit

47. NASEM (2023a) National Academies of Sciences, Engineering, and Medicine. 2023. Integrating Public and
Ecosystem Health Systems to Foster Resilience: A Workshop to Identify Research to Bridge the Knowledge-
to-Action Gap: Proceedings of a Workshop. Washington, DC

48. NASEM (2023b) China-U.S. Scientific Engagement: Key Issues and Possible Solutions for

49. Sustainability and Planetary Health: Proceedings of a Workshop—in Brief.
http://nap.nationalacademies.org/27334

50. National Research Council Committee on Basic Research Opportunities in the Earth Sciences (2001) Basic
Research Opportunities in the Earth Sciences. National Academies Press, 0-309-07133-X, Washington, DC.

51. Negrutiu I and Salles JM (2013) Les ressources : le capital naturel évanescent et le défi démographique, In:
Le développement durable a découvert. EdS A Euzen, L Eymard, F Gaill, CNRS Paris, 68-69.

52.  Negrutiu I, Frohlich M, and Hamant O (2020) Flowers in the Anthropocene: a political agenda. Trends in
Plant Science 25, 349-368. https://doi.org/10.1016/j.tplants.2019.12.008

53. Negrutiu I (2022) A Compass for Resource Justice and Planetary Health: Food Systems and Global
Pollution. Resources, Conservation & Recycling, 181, 106229. https://doi.org/ 26

54. Negrutiu I, Escher G, Whittington JD, Ottersen OP, Gillet P, StensethNC (2023) The time boundary 2025-
2030: the global resources and planetary health toolbox. Proceedings Romanian Academy series B, vol 25/2,
117-135.  https://acad.ro/sectii2002/proceedingsChemistry/doc2023-2/Art.4.pdf

55. Neumayer E (2000) Scarce or abundant? The economy of natural resources availability. ] Economic Surveys
14, 307-329

56. Ostrom E (2007) A Diagnostic Approach for Going Beyond Panaceas. Proc. Natl. Acad. Sc. 104, no. 39,
15181-15187.

57.  Ostrom E (2009) A general framework for analyzing sustainability of social-ecological systems. Science 325:
419-422. http://dx.doi.org/10.1126/science.1172133

58. Ottersen OP, Dasgupta J, Blouin C, Buss P, Chongsuvivatwong V, Frenk ] et al. (2014) The Lancet-
University of Oslo Commission on Global Governance for Health — The political origins of health inequity:
prospects for change. The Lancet 383, 630-667.

59. Ouyang Z, Song C, Zheng H, et al (2020). Using gross ecosystem product (GEP) to value nature in decision
making. Proc. Nat. Acad. Sc. 117, 14593-14601.

60. Palme Olaf statement (1972). Statement by Prime Minister Olof Palme in the Plenary Meeting, June, 6, 1972.
Swedish Delegation to the UN Conference on the Human Environment. Available from:
http://www.olofpalme.org/wp-content/dokument/720606a_fn_miljo.pdf

61. Pincemin B and Negrutiu I (2023) Exploring fifty years of a socioecological institutional discourse —
textometric  exercise  highlighting the health-resources narrative https://sharedocs.huma-
num.fr/wl/?id=FOoTrGfgIDIKF5FB6XLC7XQwltelaDTc]

62. Ramirez-Marquez, C. Posadas-Paredes, T. Raya-Tapia, A.Y. Ponce-Ortega, ].M. Natural Resource
Optimization and Sustainability inSociety 5.0: A Comprehensive Review. Resources 2024, 13,
19.https://doi.org/10.3390/resources13020019



Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 14 March 2024 d0i:10.20944/preprints202403.0798.v1

13

63. Rammelt CF, Gupta ], Liverman D, Scholtens J, Ciobanu D, et al (2022) Impacts of meeting minimum access
on critical earth systems amidst the Great Inequality. Nature Sustainability 6, 212-221
https://doi.org/10.1038/s41893-022-00995-5

64. Raworth K (2017) A Doughnut for the Anthropocene: humanity's compass in the 21st century. The Lancet
Planetary Health 1(2):e48-e49 DOI:10.1016/52542-5196(17)30028-1

65. Rio (1992). Report of the United Nations Conference on Environment and Development, Rio de Janeiro, 3-
14 June 1992. Volume 1, Resolutions adopted by the Conference. United Nations. Available from:
https://documents-dds-ny.un.org/doc/UNDOC/GEN/N92/836/55/PDF/N9283655.pdf?OpenElement

66. Resource Management Act (1991) an Act to restate and reform the law relating to the use of land, air, and
water (http://en.wikipedia.org/wiki/Resource_Management_Act_1991).

67. Resources management system reform (2023) - https://environment.govt.nz/what-government-
isdoing/areas-of-work/rma/resource-management-system-reform/

68. Rockstrom J, Gupta ], Qin D, Lade SJ, Abrams JF et al (2023) Safe and just Earth system boundaries. Nature.
https://doi.org/10.1038/s41586-023-06083-8

69. Running SW (2012) A measurable planetary boundary for the biosphere. Science 337, 1458-1459

70.  Smil V (2013) Harvesting the biosphere : what we have taken from nature. Cambridge MA, MIT Press
Editions

71.  Steffen W, Richardson K, Rockstrom J, Cornell SE, Fetzer I, Bennett EM et al. (2015) Planetary boundaries:
Guiding human development on a changing planet. Science 347(6223). DOI: 10.1126/science.1259855

72.  Stewart-Koster B, Bunn ES, Green P, Ndehedere C, Anderson LS et al (2024) Living within the safe and just
Earth system boundaries for blue water. Nature Sustainability 7, 53-63

73.  Stockholm declaration (1972) United Nations. Available from:
https://wedocs.unep.org/bitstream/handle/20.500.11822/29567/ELGP1StockD.pdf

74. Sverdrup H and Ragnarsdottir KV (2014) Natural Resources in a Planetary Perspective. Oelkers EH (ed.),
Geochemical Perspectives 3(2), 129-341.

75. TNFD (2023)  https://tnfd.global/wp-
content/uploads/2023/08/Guidance_on_the_identification_and_assessment_of_nature-related-
issues_The_TNFD_LEAP_approach_v1.pdf

76. Turchin P (2001) Does population ecology have general laws? Oikos 94, 17-26

77. Umejesi I (2023) Safe and just resource management specialty grand challenge. Front. Sustain. Resour.
Manag. 2:1320987.doi: 10.3389/fsrma.2023.1320987

78. UNEP International Resource Panel (2015) Policy Coherence of the Sustainable Development Goals. A
natural resource perspective. https://www.resourcepanel.org/reports/policy-coherence-sustainable-
development-goals.

79. UNEP International Resource Panel (2017) Assessing Global Resource Use. A systems approach to resource
efficiency and pollution reduction.  https://www.resourcepanel.org/reports/assessing-global-resource-
use.

80. UNEP (2019) Global Resources Outlook 2019: Natural Resources for the Future We Want. https://
www.resourcepanel.org/reports/global-resources-outlook

81. Vardon J., Heather K, Peter B, Lindenmayer DB. (2021) From natural capital accounting to natural capital
banking, Nature Sustainability 4, 832-834.

82. Verburg PH, Crossman N, Ellis EC, Heinimann A, Hostert P et al (2015) Land system science and
sustainable development of the earth system: A global land project perspective. Anthropocene 12, 29-41.

83. Weber JL (2018) Environmental Accounting. Oxford Research Encyclopedia of Environmental Science DOI:
10.1093/acrefore/9780199389414.013.105.

84. Wenar L (2016) Property rights and the resource curse. Philos. Public Aff. 36, 1-32 (see Article 1,
International Covenant on Civil and Political Rights adopted in 1996 as an extension of the 1948 Human
Rights Declaration).

85. Wilkinson MD, Dumontier M, Aalbersberg I, Jsbrand ], Appleton G. (2017) The FAIR Guiding 1026
Principles for scientific data management and stewardship, Scientific Data, 3, 1, 2016, p. 1027 160018.

86. Whitmee S, Haines A, Beyrer C, Boltz F, Capon AG et al. (2015) Safeguarding human health in the
Anthropocene epoch: report of The Rockefeller Foundation-Lancet Commission on planetary health. The
Lancet, 386, 1973-2028.

87. Zuo Z, Guo H, Jinhua Cheng J and Li Y (2021) How to achieve new progress in ecological civilization
construction? — Based on cloud model and coupling coordination degree model. Ecological Indicators 127.
107789. https://doi.org/10.1016/j.ecolind.2021.107789

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.



