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ABSTRACT

Environmental sustainability assessment has traditionally relied on composite indices that aggregate absolute performance metrics across
economic, social, and environmental dimensions. However, such approaches often overlook the dynamic trade-offs inherent in sustainability
transitions, where improvements in one area may compromise others. This paper proposes a novel conceptual framework for a composite
index centered on trade-off sensitivity, rather than static absolute scores. By focusing on the responsiveness of sustainability outcomes to
perturbations in interrelated factors, the index captures the vulnerability and resilience of systems to competing priorities. Drawing on recent
literature, the framework synthesizes insights into multidimensional trade-offs and sensitivity analyses in sustainability metrics. The
introduction delineates the limitations of existing indices, such as their failure to account for contextual dependencies and nonlinear
interactions. The theoretical background reviews the evolution of composite indicators, emphasizing synergies and conflicts in ecosystem
services and economic policies. The proposed framework outlines a sensitivity-based aggregation method that prioritizes relational dynamics
over additive scores, enabling more nuanced policy evaluations. This approach advances theoretical understanding by integrating sensitivity
thresholds as core components, fostering adaptive strategies for global sustainability challenges. Future implications include enhanced
decision-making tools that balance short-term gains with long-term equilibrium.

Keywords: Environmental sustainability, Composite index, Trade-offs, Sensitivity analysis, Theoretical framework, Multidimensional
assessment, Resilience

Corresponding author: Thomas A. Reed
e-mail < thomas.reed.biosci@outlook.com This absolute-oriented approach, while straightforward,

Received: 23 May 2025 harbors significant limitations. It often masks the intricate
Accepted: 29 August 2025 trade-offs that characterize sustainability efforts, where
advancements in economic productivity may inadvertently
exacerbate environmental degradation (Secundo et al., 2020).
For instance, indices like the Environmental Performance Index
(EPI) aggregate scores on air quality, water resources, and
climate policy, yielding rankings that prioritize end-point

INTRODUCTION

The pursuit of environmental sustainability remains a central
imperative in contemporary global discourse, driven by
escalating climate disruptions, biodiversity loss, and resource

depletion (Hassan et al., 2022; Kleszken et al., 2022; Ramzan et achievements over the processes that enable or hinder them
al, 2022; Sefah et al,, 2022; Yu et al., 2022; Zibi et al., 2022; Ku (Momete, 2024). Such methodologies assume linearity and
etal.,2023; Tanaka et al.,, 2023; Cakmak et al.,, 2024; Hsiao et al., independence among dimensions, neglecting the nonlinear

2024). As nations and organizations strive to align development interactions and feedback loops that define real-world systems.

trajectories with planetary boundaries, the need for robust
assessment tools has intensified. Composite indices have
emerged as pivotal instruments in this endeavor, offering

Consequently, high absolute scores may conceal vulnerabilities,
such as heightened sensitivity to economic shocks that could
unravel environmental gains (Mehra et al.,, 2022; Razhaeva et
al., 2022; Tanaka et al.,, 2022; Wei & Zhao, 2022; Karimov &
Rakhimova, 2024).

The concept of trade-offs in sustainability is not novel, but its
integration into index construction has been peripheral. Recent
scholarship underscores that sustainability transitions involve
inherent conflicts, where optimizing one objective—such as
carbon reduction—may compromise others, like social equity
or economic viability (Soltanzadeh et al., 2020). These trade-offs
are amplified in an era of rapid globalization and technological

synthesized measures that encapsulate multifaceted
performance across environmental, economic, and social
spheres (Bonnet et al, 2021). These indices facilitate
benchmarking, policy formulation, and international
comparisons, providing a shorthand for complex sustainability
landscapes. Yet, despite their utility, traditional composite
indices predominantly emphasize absolute performance levels,
aggregating indicators into weighted sums that reflect current
states rather than underlying dynamics.
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change, where policy decisions must navigate competing
demands. Moreover, absolute performance metrics fail to
capture contextual sensitivities, such as how regional
socioeconomic conditions modulate environmental responses
(Carter & Miller, 2022; Li et al., 2022; Novak & Kralj, 2023; Singh
et al, 2023; Young et al, 2024). A sensitivity-focused
perspective shifts the lens from static snapshots to dynamic
susceptibilities, revealing how perturbations in one domain
propagate across others.

This paper addresses this gap by developing a purely conceptual
framework for a novel composite index grounded in trade-off
sensitivity. Unlike conventional indices that sum absolute
values, this approach quantifies the degree to which
sustainability outcomes are responsive to trade-off scenarios.
Sensitivity here refers to the marginal changes in overall
sustainability when one dimension is altered, holding others
constant, thereby highlighting points of leverage and risk. The
framework draws on theoretical advancements, synthesizing
literature on multidimensional indicators and systemic
interactions. By prioritizing relational dynamics, it offers a more
adaptive tool for theorizing sustainability pathways.

The rationale for this innovation emerges from the evolving
challenges of environmental governance in a post-2015
landscape. The adoption of the Sustainable Development Goals
(SDGs) has intensified demands for integrated assessment
frameworks that move beyond siloed or sector-specific metrics
(Robinson et al, 2023). Despite these ambitions, empirical
reviews reveal that many existing indices perpetuate
reductionist perspectives, underrepresenting the complex
trade-offs that underpin long-term sustainability resilience
(Jain & Mohapatra, 2023). In practice, this limitation is evident
in emerging economies, where rapid industrialization may yield
high economic performance scores while simultaneously
degrading environmental integrity—a critical trade-off that
absolute aggregate measures fail to capture (Bonnet et al,
2021). By introducing a sensitivity-based perspective, this
framework aims to illuminate such imbalances, providing a
theoretical basis for anticipating tipping points, managing
vulnerabilities, and fostering systemic equilibrium.

The theoretical underpinnings of sensitivity analysis in
sustainability are grounded in systems theory, which
conceptualizes ecosystems and socio-environmental networks
as interconnected structures prone to cascading effects
(Belmonte-Udafia et al., 2022). Within this context, trade-off
sensitivity functions as a proxy for system robustness,
quantifying the extent to which overall sustainability
configurations can withstand external perturbations. This
perspective resonates with recent conceptual shifts toward
adaptive management, wherein policies are evaluated and
designed to mitigate sensitivities rather than simply elevate
absolute performance benchmarks. By focusing on relational
responsiveness, rather than static achievement, sensitivity-
based assessment aligns with contemporary calls for resilient
and adaptive governance strategies that anticipate and manage
dynamic environmental challenges.

The structure of this manuscript is organized to progressively
establish and substantiate the theoretical rationale for TOSI.
The introduction outlines the conceptual need for a sensitivity-
centric index. Following this, the literature synthesis examines
the evolution of composite indices, highlighting the
development of multidimensional approaches, the nature of
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trade-offs, and emerging sensitivity paradigms. The subsequent
section articulates the proposed framework, detailing core
components such as sensitivity metrics, nodal interfaces, trade-
off pathways, and aggregation logic. Importantly, the
manuscript maintains a strictly conceptual orientation,
deliberately avoiding empirical data or simulation exercises in
order to focus on theoretical innovation and foundational
model-building.

In summary, by reconceptualizing environmental sustainability
through the lens of trade-off sensitivity, this framework
contributes to the scholarly discourse on index design and
theoretical modeling. It posits that meaningful sustainability
assessment extends beyond absolute achievement and rests
instead on understanding and managing the sensitivities that
govern systemic balance. Such an approach offers significant
potential for theorizing more equitable and resilient futures
amid mounting global environmental pressures, providing both
a conceptual lens and a practical rationale for sensitivity-
informed governance strategies.

Theoretical background and literature synthesis

Evolution of composite sustainability indices
Composite indices for environmental sustainability have
undergone substantial refinement over the past decade,
evolving from simplistic aggregations of performance indicators
to sophisticated multidimensional constructs. Early indices,
such as the Environmental Performance Index (EPI), primarily
focused on aggregating absolute indicators across categories
like ecosystem vitality, pollution exposure, and environmental
health (Momete, 2024). These indices employed normalization
and weighting techniques to generate comparable scores,
facilitating evaluations and enabling
policymakers However, recent
critiques underscore their limitations in capturing the dynamic

cross-national
to benchmark progress.

interactions and relational dependencies inherent in complex
socio-environmental systems, prompting calls for indices that
incorporate sensitivity and trade-off considerations (Salvarani
etal., 2025).

Between articles published, scholarly efforts increasingly
emphasized the integration of diverse dimensions, recognizing
that sustainability encompasses interconnected economic,
social, and environmental domains (Robinson et al., 2023).
Methodological advancements included the application of
principal component analysis, multi-criteria decision-making,
and other sophisticated weighting schemes to balance these
pillars and reduce subjectivity in index construction (Chen et al.,
2024). Nevertheless, these developments largely retained an
absolute performance orientation, reflecting current states
rather than potential volatilities or systemic sensitivities.
Consequently, while such indices are valuable for tracking
progress toward the SDGs, they often fail to account for
contextual factors, feedback loops, and cascading effects that
influence sustainability trajectories (Pacheco-Co et al.,, 2025).
This evolving landscape of composite indices highlights the
critical need for approaches that move beyond static aggregates
toward frameworks capable of capturing relational dynamics,
trade-off systemic robustness. By
foregrounding sensitivity to inter-dimensional trade-offs, the
proposed TOSI framework addresses this conceptual gap,
offering a theoretical foundation for assessing resilience,

sensitivities, and
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identifying leverage points, and supporting
management in complex environmental systems.

adaptive

Trade-offs in multidimensional sustainability
Trade-offs represent a core theoretical challenge in
sustainability, where gains in one dimension frequently entail
losses in another. Recent analyses onward illustrate this in
ecosystem services, where economic development may enhance
provisioning services but diminish regulating ones
(Soltanzadeh et al, 2020). Conceptual models depict these
trade-offs as inherent to coupled human-environment systems,
necessitating frameworks that explicitly account for conflicts
rather than assuming synergies (Belmonte-Udafia et al., 2022).
In economic contexts, trade-offs manifest between profitability
and environmental integrity, as evidenced in value chain
optimizations (Secundo et al, 2020). Theoretical syntheses
argue that ignoring these leads to suboptimal policies, where
short-term economic priorities erode long-term sustainability
(Al-Subaie et al., 2021). Moreover, social dimensions introduce
additional layers, with equity considerations often clashing with
environmental stringent measures (Gajardo et al., 2024). The
literature converges on the need for theoretical tools that map
these trade-offs, highlighting nonlinear relationships and
threshold effects that absolute indices fail to detect (Jain &
Mohapatra, 2023).

Sensitivity analysis in sustainability assessment

Sensitivity analysis has gained traction as a theoretical lens for
understanding system responses to perturbations, extending
beyond traditional risk assessments. In sustainability contexts,
it examines how variations in input factors affect output
metrics, revealing vulnerabilities in composite indices (Fiilop et
al., 2024). Recent conceptual works apply sensitivity to trade-
off scenarios, positing that high sensitivity indicates fragile
equilibria susceptible to policy shifts (Rosa-Schleich et al,
2019).
From 2020 to 2025, literature has synthesized sensitivity with
multidimensional frameworks, advocating for indices that
prioritize relational sensitivities over absolute aggregates
(Pifieiro et al.,, 2020). This shift aligns with systems thinking,
where sensitivity metrics serve as indicators of adaptive
capacity (Holsman et al,, 2020). Theoretical reviews underscore
that incorporating sensitivity enhances the predictive utility of
indices, allowing for scenario-based theorizing without
empirical data (Diaz-Balteiro et al., 2020).

Synergies and conflicts: a synthesized view
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A comprehensive review of the literature indicates that
interactions among sustainability dimensions manifest as both
synergies and conflicts, each carrying distinct implications for
theory and practice. Synergies arise when improvements in one
dimension reinforce progress in another, producing mutually
beneficial effects that enhance the overall stability and
resilience of the system. For instance, social investments, such
as community education, participatory governance, and local
capacity building, can strengthen environmental resilience by
promoting sustainable resource use practices and fostering
collective stewardship behaviors (Yusifzada et al, 2025).
Similarly, aligning economic incentives with environmental
goals can generate reinforcing effects, where increased
efficiency simultaneously supports ecological
sustainability, demonstrating that progress in one domain does

economic

not necessarily entail trade-offs in others. These synergistic
interactions suggest that well-designed interventions can
exploit positive feedback loops to achieve multidimensional
sustainability outcomes effectively.

Conversely, conflicts are more prevalent in
constrained settings, where trade-offs between competing
objectives amplify systemic sensitivities. For example, rapid

resource-

economic expansion in regions with limited water or energy
resources may simultaneously undermine environmental
integrity and exacerbate social inequities, illustrating how
perturbations in one dimension can cascade across
interconnected nodes (Jaligot & Chenal, 2018). Such conflicts
underscore the importance of understanding relational
dynamics, rather than relying solely on absolute performance
metrics. Conceptual frameworks developed during this period
advocate for balanced approaches, theorizing that synergies can
act as mitigators of sensitivity and should therefore be
intentionally embedded in holistic index designs (Neugarten et
al., 2024). By incorporating these dynamics, researchers and
policymakers can identify critical leverage points, manage
vulnerabilities, and pursue interventions that maintain
equilibrium among dimensions.

Despite these insights, a notable theoretical gap persists. Most
conventional sustainability indices are dominated by absolute
performance measures that quantify achievements without
accounting for system responsiveness to trade-offs. While these
metrics provide useful benchmarks, they often fail to capture
the propagation of perturbations, potential tipping points, and
emergent vulnerabilities. Emerging paradigms emphasize that
sensitivity to trade-offs is essential for advancing sustainability
theory, as it highlights how small changes in one domain can
amplify or mitigate effects in others, providing critical
information for adaptive management (Salvarani et al.,, 2025).
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Figure 1. Conceptual comparison between absolute performance-based sustainability indices and the Trade-Off Sensitivity Index
(TOSI). Traditional indices aggregate independent indicators into static scores, often overlooking interdependencies and nonlinear
trade-offs (Panel a). In contrast, TOSI emphasizes system responsiveness, capturing how perturbations propagate across dimensions
through sensitivity nodes and feedback loops (Panel b), thereby revealing vulnerabilities, leverage points, and resilience dynamics.

Proposed conceptual framework: the trade-off sensitivity index
(TOSI)

To address this gap, the proposed framework introduces the
Trade-Off Sensitivity Index (TOSI), a novel composite measure
that shifts the focus from absolute performance to the
sensitivity of sustainability outcomes to inter-dimensional
trade-offs. TOSI posits that true sustainability is not simply the
accumulation of current achievements but is better understood
as the system’s resilience to perturbations arising from
competing priorities. By emphasizing responsiveness rather
than static outcomes, TOSI offers a nuanced perspective on
system stability and provides actionable insights for both policy
and management.

The frameworKk is structured around three core, interconnected
dimensions: environmental integrity, economic viability, and
social equity, each linked through bidirectional trade-off
pathways. Sensitivity is defined as the magnitude of change in
overall sustainability resulting from incremental changes in one
dimension, capturing both marginal effects and potential
tipping points. At its foundation, TOSI relies on sensitivity
nodes, representing interfaces between dimensions. For
example, the environmental-economic node assesses how
economic growth influences environmental degradation rates,
conceptualized through relationships similar to -elasticity
coefficients. These nodes identify leverage points where
targeted interventions can reduce overall system sensitivity,
enabling strategies necessitating
comprehensive systemic overhauls.

adaptive without
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Aggregation in TOSI is performed using a relational matrix
where each node’s sensitivity is weighted by its theoretical
impact on system stability, deliberately avoiding arbitrary
additive schemes. This ensures that the index emphasizes
relational importance and the interconnectedness of nodes,
rather than merely summing absolute values. The framework
operates under assumptions of nonlinearity, recognizing that
trade-offs may display diminishing returns or amplification
beyond critical thresholds. High sensitivity in one node can
propagate through feedback loops, producing cascade effects
and systemic vulnerabilities. By modeling these dynamics, TOSI
enables the identification of configurations in which the three
dimensions are balanced, trade-offs are effectively managed,
and overall resilience is enhanced.

Beyond measurement, TOSI facilitates policy theorizing. Unlike
conventional indices, which provide static assessments of
performance, TOSI highlights relational dynamics that inform
the design of interventions targeting high-sensitivity nodes,
allowing produce
improvements in overall sustainability. By focusing on trade-off

small adjustments to significant
sensitivity, the framework promotes iterative learning, adaptive
management, and long-term system resilience. In sum, TOSI
operationalizes a shift from absolute performance metrics to
sensitivity-based evaluation, offering both theoretical and
practical contributions by capturing interactions, cascading
effects, and leverage points that are central to understanding

and managing complex socio-environmental systems.
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Figure 2. the conceptual model of TOSI.

In essence, TOSI advances theoretical discourse by framing
sustainability as a sensitivity-minimizing endeavor, offering a
fresh lens for conceptualizing balanced development.

Propositions

Building upon the conceptual framework of the Trade-Off
Sensitivity Index (TOSI), this section develops a series of
theoretical propositions that articulate the expected
relationships and implications of employing a sensitivity-based
approach to environmental sustainability assessment. These
propositions are derived from the relational dynamics
emphasized in the framework, asserting that sensitivity to
trade-offs functions as a critical mediator in achieving balanced
sustainability outcomes. By focusing on system responsiveness
rather than static metrics, the propositions extend the
theoretical synthesis, hypothesizing how TOSI influences
systemic behaviors, policy effectiveness, and long-term
resilience.

Proposition 1: Interdimensional sensitivity and

propagation of perturbations
In multidimensional sustainability systems, higher trade-off
sensitivity within one dimension will inversely correlate with
resilience in interconnected dimensions, as perturbations
propagate through feedback loops. This proposition builds on
the framework's emphasis on nodal sensitivities, suggesting
that heightened responsiveness at critical interfaces—such as
environmental-economic or economic-social nodes—may
amplify vulnerabilities across the system. For instance, elevated
sensitivity in the environmental-economic interface could
exacerbate social equity challenges if resource trade-offs are
poorly managed (Robinson et al., 2023). Theoretically, this
implies that systems exhibiting low aggregate TOSI scores are
better positioned to absorb external shocks, as reduced
sensitivity dampens cascading effects and enhances overall

79

[] Gradient Scale |
robustness.
Proposition  2: Identification of high-impact

intervention points

Applying TOSI in policy evaluation will reveal optimal
intervention points where marginal reductions in sensitivity
yield disproportionate improvements in overall sustainability,
emphasizing relational adjustments over absolute changes.
Drawing on sensitivity paradigms, this suggests that targeting
high-sensitivity nodes—such as areas of resource allocation
conflict or trade-off bottlenecks—can achieve equilibrium
without necessitating comprehensive systemic overhauls (Al-
Subaie et al., 2021). This proposition underscores the utility of
TOSI in prioritizing interventions strategically, implying that
adaptive policies informed by sensitivity analysis are more
effective in dynamic and complex environments than
conventional static benchmarks.

Proposition 3: Nonlinear trade-offs and threshold

effects
Contexts characterized by nonlinear trade-offs, such as
resource-scarce regions or ecosystems near ecological limits,
are likely to exhibit elevated TOSI values, highlighting the
importance of threshold-based management to prevent
irreversible tipping points. The framework’s recognition of
nonlinearity posits that beyond critical sensitivity levels, even
minor perturbations can trigger substantial systemic shifts,
aligning with established theoretical models of ecological
thresholds (Gajardo et al., 2024). Consequently, TOSI facilitates
the identification of preemptive management strategies,
offering a theoretical lens to anticipate and mitigate abrupt
transitions in socio-environmental systems.

Proposition 4: Role of contextual moderators
Integration of contextual moderators, including governance
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structures, institutional capacity, and technological factors, into
TOSI calculations is expected to moderate aggregate sensitivity.
Systems embedded within strong institutional frameworks or
supported by advanced technological capacities will likely
exhibit lower overall index scores, reflecting reduced
vulnerability to propagating trade-offs (Fiilop et al., 2024). This
proposition emphasizes that sustainability assessments must
account for institutional and contextual sensitivities; failure to
do so could underestimate systemic resilience and misguide
policy interventions.

Proposition 5: Temporal dynamics and learning effects
Over time, iterative application of TOSI is expected to induce
learning effects in sustainability management, progressively
reducing system sensitivity as stakeholders adapt to identified
trade-offs. This temporal dimension extends the otherwise
static framework into dynamic theorizing, suggesting that
sensitivity-focused indices encourage evolutionary adaptation,
feedback-informed decision-making, and organizational
learning, in contrast to absolute metrics that may perpetuate
inefficiencies or maladaptive practices (Pacheco-Co et al., 2025).
Repeated application of TOSI can thus facilitate continuous
improvement in both policy design and implementation,
enhancing the system’s capacity to maintain sustainability
under changing conditions.
Collectively, these propositions establish a testable foundation
for further conceptual development and empirical investigation.
They highlight a paradigm shift from traditional absolute
metrics toward relational, sensitivity-informed metrics in
sustainability assessment, offering a theoretically robust and
practically actionable framework for understanding and
managing complex socio-environmental systems.

RESULTS AND DISCUSSION

The proposed Trade-Off Sensitivity Index (TOSI) represents a
conceptual departure from conventional environmental
sustainability assessments, which predominantly rely on
absolute performance aggregation. By centering on trade-off
sensitivity, TOSI addresses inherent limitations in existing
indices, such as their oversight of dynamic interdependencies
and contextual vulnerabilities (Momete, 2024). This discussion
elucidates the theoretical implications, potential limitations,
and avenues for further conceptual development, situating TOSI
within broader sustainability discourse.

Theoretically, TOSI enhances understanding of sustainability as
arelational construct, where outcomes are contingent upon the
interplay of dimensions rather than isolated achievements.
Traditional indices, like the Environmental Performance Index,
aggregate scores in a manner that assumes dimensional
independence, often leading to misrepresentations of systemic
health (Jain & Mohapatra, 2023). In contrast, TOSI's sensitivity-
based approach illuminates how perturbations in economic
viability might exacerbate environmental degradation, offering
a more nuanced lens for theorizing trade-off management
(Belmonte-Udafia et al., 2022). This aligns with recent
conceptual shifts toward systems thinking, where resilience
emerges from minimizing sensitivities rather than maximizing
absolute metrics (Secundo et al, 2020). For instance, in
theoretical models of global supply chains, TOSI could highlight
sensitivities to policy changes, enabling predictions of cascade
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risks without empirical validation.

A key implication lies in policy theorizing. By prioritizing
leverage points—nodes where sensitivity reductions yield
broad benefits—TOSI facilitates the design of adaptive
strategies that balance competing priorities (Soltanzadeh et al.,
2020). This is particularly relevant for global challenges like
climate adaptation, where trade-offs between mitigation and
equity are pronounced (Robinson et al., 2023). Theoretically,
TOSI supports the formulation of policies that incorporate
threshold dynamics, preventing nonlinear escalations that
absolute indices might overlook (Al-Subaie et al, 2021).
Moreover, its relational matrix encourages interdisciplinary
integration, bridging environmental science with economic and
social theories to foster holistic frameworks (Abukanna et al.,
2022; Guo etal.,, 2022; Kumar etal., 2022; Shams & Valiev, 2022;
Beietal., 2023; Malik et al.,, 2023).

However, conceptual limitations warrant consideration. The
framework assumes identifiable sensitivities, yet in highly
complex systems, delineating nodes may introduce theoretical
ambiguities (Gajardo et al., 2024). Additionally, while TOSI
avoids subjective weighting through relational aggregation,
defining  sensitivity  thresholds remains theoretically
challenging, potentially influenced by contextual biases (Fiilop
et al.,, 2024). These limitations underscore the need for refined
conceptual models that incorporate uncertainty, perhaps
through probabilistic sensitivity extensions.

Future conceptual directions include expanding TOSI to
incorporate temporal scales, theorizing how sensitivities evolve
under scenario-based perturbations (Pacheco-Co et al.,, 2025).
Integration with emerging paradigms, such as circular economy
theories, could further enhance its utility, exploring sensitivities
in resource loops (Momete, 2024). Moreover, comparative
theoretical analyses with existing indices could validate TOSI's
superiority in capturing trade-off dynamics, contributing to
index design evolution (Jain & Mohapatra, 2023).

In summary, TOSI advances sustainability theory by reframing
assessment around sensitivity, offering a robust tool for
navigating trade-offs in an interconnected world.

CONCLUSION

This manuscript has developed a novel conceptual framework
for environmental sustainability assessment, introducing the
Trade-Off Sensitivity Index (TOSI) as an alternative to absolute
performance-based composites. By focusing on sensitivity to
inter-dimensional trade-offs, TOSI captures the dynamic
vulnerabilities and resiliences that traditional indices often
obscure.

The introduction highlighted the shortcomings of absolute
metrics while the
theoretical background synthesized recent literature on

in addressing nonlinear interactions,

composite indicators, trade-offs, and sensitivity analyses. The
proposed framework outlined TOSI's components, emphasizing
relational aggregation and contextual moderators to enable
more adaptive theorizing.

The derived propositions posit key relationships, such as the
inverse sensitivity and resilience,
providing a foundation for extending sustainability models The

correlation between

discussion elaborated on implications for policy and theory,
acknowledging limitations like threshold ambiguities and
suggesting avenues for refinement
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Ultimately, TOSI contributes to scholarly discourse by shifting
the paradigm from static attainment to dynamic balance,
fostering theoretical innovations that support equitable and
resilient environmental futures amid global pressures.
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