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Abstract

Sustainable development has become the prevailing paradigm for resolving the
interrelated problems of environmental degradation, economic growth and social equity,
yet its dominant conceptual representation the three-pillar model of economy, society
and environment rests on remarkably thin theoretical foundations. This paper argues
that the ubiquity of the three-pillar conception has been achieved at the cost of analytical
precision, and that this deficiency is the principal obstacle to rigorous operationalisation
of sustainability in indicators and policy. Drawing on an integrative review of
development theory, ecological economics and sustainability science, the paper traces
the conceptual lineage of sustainable development from modernisation, dependency,
world-systems and globalisation theories through the Brundtland formulation to the
Sustainable Development Goals. It then subjects the three-pillar model to critical
examination, showing that its conventional depiction as three intersecting or free-
standing domains encodes an implicit assumption of substitutability between natural,
produced and human capital the position known in ecological economics as weak
sustainability which is inconsistent with the biophysical premises the model is invoked
to defend. The paper’s contribution is a reconstruction of the three pillars as a nested
hierarchy of constraint, in which the economy is a subsystem of society and society a
subsystem of the biosphere, formalised through a capital-stock account that
distinguishes substitutable from critical natural capital. Three propositions are derived
and their implications for indicator design examined, using systems-based indicator
frameworks as the point of application. The paper concludes that sustainable
development is not an environmental agenda appended to a growth agenda but a
constrained-optimisation problem, and that framing it otherwise permits trade-offs that
the concept was formulated to prevent.
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1. Introduction

Few concepts in the contemporary social sciences have achieved the institutional
reach of sustainable development. Since the Brundtland Commission defined it as
development that meets present needs without compromising the ability of future
generations to meet their own (WCED, 1987), the term has been adopted by
International assistance organisations, national planning ministries, corporations and
academic journals, and has provided the organising vocabulary for the 2030 Agenda
and its seventeen Sustainable Development Goals (United Nations, 2015). Scopelliti et
al. (2018) observe that the notion attracted sustained public attention where earlier
development ideas had not.

That reach has, however, been accompanied by persistent unease about definitional
clarity. The concern is not merely that the term is used loosely. It i1s that the dominant
conceptual apparatus for representing sustainable development the three pillars of
economic development, social development and environmental protection have no
1dentifiable theoretical origin. In the most systematic examination of the question,
Purvis, Mao and Robinson (2019) find no single urtext from which the three-pillar
conception derives, tracing instead a gradual emergence from early critiques of the
economic status quo on one side and the United Nations’ effort to reconcile economic
growth with social and ecological problems on the other, with the familiar three-circles
diagram first appearing in Barbier (1987). They conclude that the absence of a
theoretically solid conception frustrates attempts at rigorous operationalisation.

This is the problem the present paper addresses. The three-pillar model is not merely
under-theorised; its conventional graphical form carries a substantive and usually
unexamined commitment. Representing economy, society and environment as three
domains of equal standing, whether as intersecting circles or as free-standing columns
supporting a common roof, implies that a deficit in one may be compensated by a surplus
in another. That implication is precisely the position that ecological economics
designates weak sustainability, and it is inconsistent with the biophysical reasoning
finite sinks, irreversible losses, ecological thresholds that motivates concern about
sustainability in the first place.

The paper’s argument proceeds in three movements. First, it situates sustainable
development within the lineage of development theory, showing that the concept inherits
an unresolved tension between growth-centred and limits-centred traditions. Second,
1t examines the three-pillar model critically, identifying the substitutability assumption
embedded in its standard representation. Third, and as its principal contribution, it
reconstructs the pillars as a nested hierarchy of constraint and formalises this through
a capital-stock account that distinguishes substitutable from critical natural capital,
deriving three propositions and their consequences for indicator design.

The contribution is therefore theoretical rather than empirical. It supplies, for the
framework the title of this paper names, the conceptual grounding whose absence Purvis
et al. (2019) diagnose, and it does so in a form intended to be usable by those constructing
sustainability indicators and by those assessing development policy against them.

2. Materials and Methods

The study is an integrative conceptual review. This method is appropriate where the
object of inquiry is a contested concept rather than an effect size, and where the objective
1s to generate a synthesising argument rather than to aggregate findings.

The corpus was assembled purposively across four literatures. The first comprises
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development theory, including the modernisation, dependency, world-systems and
globalisation traditions (Reyes, 2001; Tipps, 1973). The second comprises the
foundational sustainability statements and their institutional expressions (Meadows
et al., 1972; WCED, 1987; United Nations, 2015). The third comprises ecological
economics, particularly the literature on natural capital, substitutability and the weak—
strong distinction (Solow, 1974; Hartwick, 1977; Daly, 1990; Costanza and Daly, 1992;
Pearce and Atkinson, 1993; Neumayer, 2003). The fourth comprises conceptual and
critical scholarship on sustainability itself (Jacobs, 1991; Giddings et al., 2002; Hopwood
et al., 2005; Purvis et al., 2019) together with work on indicators (Bossel, 1999; Hak et
al., 2016).

Material was included on grounds of relevance to the conceptual question, authority
as indicated by peer review and publication venue, and standing within the debate as
indicated by citation. Chronological recency was deliberately not treated as an inclusion
criterion, since several of the foundational contributions to the substitutability debate
date from the 1970s and 1990s and remain the reference points for current argument.
Reference lists of selected works were searched for further sources.

Analysis proceeded by identifying points at which the literatures generate
incompatible implications most importantly, where the graphical conventions of the
three-pillar model conflict with the biophysical premises of ecological economics and
treating those incompatibilities as the productive sites of the synthesis. The framework
presented in Section 5 is the output of this process rather than its premise.

3. Conceptual Lineage: From Development Theory to

Sustainable Development

Sustainable development did not emerge from nothing; it inherited a set of unresolved
disputes about what development is. Reyes (2001) characterises development as an
increase in human capacity to initiate new structures, cope with problems, adapt to
change and pursue new goals a formulation broad enough to accommodate the
competing traditions that preceded it.

Modernisation theory divided societies into traditional and modern, holding that
the shared norms, beliefs and values of traditional cultures constrained development
and that adopting the characteristics of industrialisation and capital accumulation was
the route to advancement (Tipps, 1973). Development was thus conceived as convergence
upon an already-existing model, and the environment entered only as a stock of inputs.

Dependency theory, with roots in Marxist analysis, inverted this account, arguing
that industrialisation in wealthy nations produces underdevelopment in poorer ones
through appropriation of their economic surplus. World-systems theory extended
the argument, holding that trade specialisation and resource transfers from periphery
to core impede development in the former by rendering it dependent locating surplus
generation in exchange relations rather than, as in classical Marxist analysis, in the
capital-labour relation of production.

Globalisation theory shares much with the world-systems account but emphasises
the cultural as well as economic linkages that expanding technological capacity has
created, producing direct communication across national boundaries and a political
sphere no longer bounded by national or regional frames.

Running alongside these was a distinct tradition concerned not with the distribution
of development but with its limits. The Limits to Growth (Meadows et al., 1972) modelled
exponential growth against finite resources and sinks, introducing into development
discourse a category the four theories above had no place for: the possibility that the
aggregate scale of economic activity might itself be the binding constraint.
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The Brundtland formulation of 1987 is best read as an attempt to reconcile these
two traditions. Its definition accommodates continued development while subordinating
it to an intergenerational condition, and its influence derives substantially from this
capacity to be endorsed by parties holding incompatible positions on whether growth is
the solution or the problem. The concept’s celebrated breadth and its analytical
imprecision have the same origin.

The subsequent institutional trajectory Agenda 21’s call for coordinated international
effort on poverty, environment and development, and the adoption of the SDGs in 2015
has broadened the agenda without resolving the underlying tension (United Nations,
2015). Hopwood et al. (2005) map the resulting field across a spectrum from status-quo
positions through reform to transformation, demonstrating that the single term
accommodates programmes with fundamentally different implications for economic
organisation.

4. The Three-Pillar Orthodoxy and Its Analytical Limits
4.1 The standard account

The most widely reproduced representation of sustainable development is the three-
pillar model, in which economic development, social development and environmental
protection are presented as mutually reinforcing and interdependent domains (Figure
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In its standard formulation, economic development concerns growth that is
environmentally sustainable and socially equitable, achieved through employment
creation, innovation, entrepreneurship and supporting infrastructure. Social
development concerns quality of life through access to education, health care, housing
and employment, together with social justice, gender equality and inclusion.
Environmental protection concerns the preservation of natural resources, reduction of
pollution and protection of ecosystems through sustainable resource management,
emissions reduction, renewable energy and biodiversity conservation. Each is held to
be necessary, and the three are held to be interdependent.

Nothing in this account is wrong as a statement of the domains that sustainability
concerns. The difficulty lies in what the representation implies about the relations
between them.

4.2 The substitutability problem

Three co-equal pillars supporting a common structure, or three overlapping circles
with sustainability at their intersection, both carry an implicit proposition: that the
domains are commensurable, and that shortfalls in one may be offset by gains in
another. In policy practice this proposition appears whenever a project is justified on
the grounds that its economic and social benefits outweigh its environmental costs.

Ecological economics has a precise name for this position. Weak sustainability,
developed from the growth-theoretic work of Solow (1974) and Hartwick (1977), holds
that what must be maintained across generations is the aggregate value of the capital
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stock, and that natural capital may be depleted provided sufficient produced or human
capital is created in its place. On this view, non-declining aggregate capital is the
sustainability criterion, and Pearce and Atkinson (1993) formalised its measurement
as a positive rate of genuine saving.

Strong sustainability rejects the substitution assumption for a defined subset of
natural capital. Its case rests on three arguments (Daly, 1990; Costanza and Daly,
1992; Neumayer, 2003). Produced and natural capital are frequently complements
rather than substitutes — a fishing fleet cannot substitute for a fish stock but requires
one. Many losses of natural capital are irreversible on policy-relevant timescales, so no
subsequent investment restores the option. And ecological systems exhibit thresholds
beyond which behaviour changes discontinuously, meaning that marginal analysis
based on smooth substitution misdescribes the system near its limits.

The three-pillar model, in its conventional representation, does not adjudicate between
these positions. It is compatible with either, and is in practice most often deployed in
ways consistent with the weaker one. This is the analytical cost of the diagram’s ubiquity:
it appears to state a substantive theoretical position while in fact leaving the decisive
question open.

4.3 The consequence for the concept

The consequence is that the three-pillar model cannot perform the function the
sustainability concept requires of it. If the purpose of sustainable development is to
prevent present activity from foreclosing future possibility, a framework that permits
unrestricted trade-offs between domains cannot deliver it, because the trade-offs it
permits are precisely the mechanism of foreclosure. Giddings et al. (2002) made the
point directly: fitting environment, economy and society together requires attention to
how they are related, not merely to the fact that all three matter.

5. Toward a Nested Framework

5.1 The nested reformulation

The reconstruction proposed here replaces the co-equal representation with a nested
one. The economy is a subsystem of human society; human society is a subsystem of
the biosphere. The relation between levels is not one of balance but of containment:
each level operates within limits set by the level enclosing it.

This reformulation is consistent with the systems-based conception of sustainable
development represented in Figure 1, in which the human system, the support system
and the natural system are distinguished and their dependencies specified.
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Figure-2: Conceptual Sustainable Development model with three Systems

As that model indicates, the human system comprising individual development, social
progress and institutional governance cannot advance without contributions from the
natural and support systems. Individual development depends on social indicators and
on the capacity of institutions to deliver services; the support system, comprising
economic activity and infrastructure, determines the processes by which an economy
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conserves its resource base. The dependency runs in one direction more strongly than
the other: degradation of the natural system constrains the human system in ways
that improvement of the human system cannot reverse.

Evers (2017) makes the same connection in framing the reliance of economy and
society on natural resources and ecosystem services as the organising principle for
human development objectives.

The reformulation does not deny interdependence. It specifies its asymmetry, and
that asymmetry is what the co-equal representation omits.

5.2 Formalisation through capital stocks

The nested conception can be stated more nrecisely as a condition on capital stocks.
I ot total capital comprice natural capital (g ), produced capital (;_), human capital
(K ) and social capital (Ks) Weak sustainability requires only that their aggregate not
decline. The nested framéwork i imposes an additional and prior condition: that natnval
capital be partitioned into a substitutable component and a critical component, Ker
defined as that portion whose loss is irreversible on policy-relevant timescales or whose
function has no substitute — climate regulation, essential nutrient cycles, and the
genetic diversity underpinning ecosystem function.

Sustainability then requires two conditions jointly: that be maintained above
threshold, and that aggregate capital not decline. The first is a constraint, not an
objective; it 1s not tradeable against the second.

Table 1. Comparison of sustainability conceptions

Three-pillar (as Nested framework
Feature conventionally used) = Weak sustainability (proposed)
Relation Co-equal, Commensurable  via Hierarchically  nested;
between overlapping aggregate capital asymmetric dependence
domains
Substitution Unspecified Permitted throughout Permitted except for
between capitals critical natural capital
Decision rule Balance the three Maintain non- Maintain critical natural
declining aggregate capital, then optimise
capital within it
Treatment of Absent Absent or marginal Central;  defines the
thresholds constraint set
Failure mode Legitimises trade-offs Permits depletion of Requires threshold
it cannot adjudicate irreplaceable stocks identification, which is

contested

Source: constructed by the authors from Solow (1974), Daly (1990), Costanza and
Daly (1992), Pearce and Atkinson (1993), Giddings et al. (2002) and Neumayer (2003).
5.3 Three propositions

Three propositions follow, and together they constitute the framework.

Proposition 1 Asymmetric dependence: The economy depends on society and
society on the biosphere in a manner not reciprocated in kind. It follows that
sustainability assessment must be conducted at the level of the enclosing system, and
that indicators reporting economic and social performance without reference to
biophysical condition are incomplete in principle rather than merely in coverage.

Proposition 2 Bounded substitutability: Substitution between capitals is
admissible within, but not across, the threshold defining critical natural capital. It follows
that aggregate indicators which sum across capital types are valid only inside the
constraint set, and become misleading precisely as the threshold is approached — that
1s, when accurate guidance matters most.

Proposition 3 Constraint precedes optimization: Sustainable development is
a constrained-optimisation problem, not a balancing problem. It follows that the
sequence of decision matters: identifying the constraint is analytically prior to weighing
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benefits within it, and any procedure that weighs environmental against economic and
social considerations in a single step has already assumed the substitutability the
framework denies.

Table 1 records that the framework has a failure mode of its own. It requires thresholds
to be identified, and threshold identification is scientifically uncertain and politically
contested. The framework does not remove that difficulty; it relocates it to where it
belongs, as an explicit object of scientific and democratic determination rather than an
implicit assumption buried in a diagram.

6. Operationalisation: From Framework to Indicators

6.1 The indicator problem

A framework earns its standing by what it permits to be measured. Hak et al. (2016)
argue that the SDG indicator set requires indicators that are genuinely relevant to the
goals they represent rather than merely available, and the nested framework bears
directly on what relevance means.

Systems-based indicator approaches provide the point of application. Bossel’s (1999)
framework derives indicators from the orientors of the systems themselves the conditions
each subsystem must satisfy to persist rather than from data availability, and
aggregates system components into the human, support and natural subsystems
represented in Figure 1. The pressure—state—response logic similarly organises
indicators by their position in a causal chain rather than by domain. The design protocol
represented in Figure 2 expresses the same commitment: sustainability is treated as a
property to be engineered into a system from the outset rather than assessed after the
fact — the design-led tradition established by Lyle (1985).

System Definition
(Function and
Boundary)

-

Identification of System Requirements

v R W _

Identify related i Determine economic,
_c,-ystems-and i environmental and social
interaction ! metrics for system
between systems i evaluation
1
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and Evaluation
for Sustainability Performance
through Scenario Building

g e —

Identify [
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~ potential impacts ‘

Interventions to i i
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from related Design negative impacts on
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Figure-3: Protocol for Sustainable System Design
6.2 Implications for indicator design

Three implications follow from the propositions of Section 5.
Table 2. Framework propositions and their indicator implications

Proposition Implication for indicator design Diagnostic question
P1: Asymmetric Report biophysical state indicators Does the indicator set permit
dependence alongside, not merely within, economic performance to be
economic and social indices assessed without biophysical
reference?
P2: Bounded Report critical natural capital Can a decline in an ecological
substitutability indicators separately and stock be offset within the index

unweighted; never aggregate them by a rise in an economic

into composite indices

measure?

P3: Constraint Report distance-to-threshold, not Does the indicator state how far
precedes only rate-of-change the system is from a limit, or
optimization only how fast it is moving?

Volume: 2, Issue: 2, April-June 2026

[55]



ResearchNext International Multidisciplinary Journal ISSN (Online): 3107-9725

Source: derived by the authors from the framework in Section 5.

The second implication is the most consequential in practice and the least often
observed. Composite sustainability indices that weight and sum across environmental,
economic and social components implement weak sustainability whether or not their
designers intend it, because summation with fixed weights is the operational expression
of substitutability. An index in which improved income can offset lost habitat has
encoded a theoretical position that its accompanying text frequently disavows an
instance of the wider problem Gray (2010) raises in asking whether accounting for
sustainability accounts for sustainability at all.

The third implication addresses a structural weakness of trend-based reporting. A
rate of change conveys direction; it does not convey proximity to a limit. Two systems
improving at the same rate may be at very different distances from threshold, and only
the second measure informs the decision that matters.

7. Discussion: Implications for Governance

The framework carries three consequences for how sustainable development is
governed.

Integration must be hierarchical, not lateral: The conventional prescription
that policies across sectors and between national, regional and global levels should be
coherent is necessary but insufficient. Coherence among co-equal domains permits a
negotiated settlement in which each concedes something; hierarchical integration
requires that the biophysical constraint be established first and sectoral policy
formulated within it. These are different institutional procedures with different
outcomes, and Berke and Conroy (2000) found little evidence that plans invoking
sustainability reliably deliver the second. Ukaga et al. (2011) frame the same
requirement as a shift away from harmful socioeconomic activity toward activity with
positive environmental, economic and social effect.

Long-term planning acquires a specific content: The requirement that short-
term economic gains not be pursued at the expense of long-term sustainability, and the
associated shift from a linear growth-oriented model toward a circular and regenerative
one prioritising resource efficiency, waste reduction and ecosystem protection, follows
directly from Proposition 2. Circularity is not an environmental preference; it is the
design response to bounded substitutability.

Participation is required by the framework, not merely desirable: Because
thresholds are uncertain and their determination involves judgements about acceptable
risk to future generations, threshold-setting cannot be delegated wholly to technical
assessment. The involvement of local communities, civil society organisations and
underrepresented groups in open and collaborative decision processes is therefore an
epistemic requirement of the framework as well as an equity one a point consistent
with the emphasis on equity, participation and empowerment that Giddings et al. (2002)
1dentify as central to the social dimension of sustainability, and with Kothari’s (1990)
insistence that environment and technology are inseparable from ethical choice.

The framework also clarifies a distinction the literature often blurs. Diesendorf (2000)
observed that sustainability is the goal and sustainable development the process of
pursuing it. In the terms proposed here, sustainability is the constraint set and
sustainable development the trajectory within it — a formulation that gives the
distinction operational content.

8. Conclusions

Sustainable development remains the organising paradigm for reconciling economic
activity, social equity and environmental integrity, and the three-pillar model remains
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its most widely reproduced representation. This paper has argued that the model’s
ubiquity has been purchased at the cost of theoretical precision, and that the cost is not
academic: a representation that portrays economy, society and environment as co-equal
and commensurable domains licenses the trade-offs that sustainability was formulated
to prevent.

The paper’s contribution is a reconstruction of the three pillars as a nested hierarchy
of constraint, formalised through a capital-stock account that distinguishes
substitutable from critical natural capital. From this reconstruction three propositions
follow asymmetric dependence, bounded substitutability, and the priority of constraint
over optimisation each with specific and testable implications for how sustainability
indicators should be built and read. The most immediately applicable of these is that
composite indices which sum across domains implement weak sustainability by
construction, and that critical natural capital must therefore be reported separately
and in units of distance to threshold.

Two limitations bound the argument. The framework is conceptual and has not been
applied to an empirical indicator set, which is the obvious next step; sectoral and regional
case material of the kind assembled by Kohn et al. (2001) would provide suitable ground
for testing. And it depends on the identification of thresholds, which remains
scientifically uncertain and politically contested; the framework makes this difficulty
explicit rather than resolving it.

The wider implication is a change of register. Sustainable development is not an
environmental agenda appended to a development agenda, nor a balance to be struck
between three competing goods. It is a constrained-optimisation problem in which the
constraint is biophysical, the objective is human well-being, and the order of the two is
not reversible. Framing it otherwise is not a simplification but an error, and it is an
error with consequences for the generations the concept exists to protect.
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