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ABSTRACT

Environmental policy formulation faces inherent uncertainties in predicting future outcomes due to complex interactions among socio-
economic, ecological, and climatic factors. Traditional approaches emphasize forecast-based predictions, which often fail to account for
alternative trajectories that could have emerged under different policy configurations. This conceptual paper introduces a novel theoretical
framework centered on policy counterfactual recombination, a method that systematically disassembles and reassembles elements from
existing policy scenarios to generate hypothetical pathways for analysis. By shifting from predictive modeling to recombinatorial exploration,
the framework enables scholars and policymakers to evaluate "what-if” questions in environmental governance, such as the potential impacts
of hybridizing carbon pricing mechanisms with biodiversity conservation strategies. Drawing on recent literature in counterfactual reasoning
and scenario planning, the paper synthesizes theoretical insights to highlight gaps in current paradigms, particularly the overreliance on linear
projections. The proposed framework comprises three core components: scenario decomposition, element recombination, and pathway
evaluation, facilitating a deeper understanding of policy resilience and adaptability. This approach contributes to environmental science by
offering a tool for conceptualizing non-linear policy dynamics, ultimately supporting more robust strategies for sustainability transitions. No
empirical data or simulations are employed; the focus remains on theoretical advancement.
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Accepted: 04 July 2025 against baselines, counterfactuals allow for the conceptual
reconstruction of unrealized possibilities, thereby illuminating
missed opportunities or averted risks (Jiren et al, 2023). In
environmental policy, this is particularly relevant for
addressing "wicked problems"” where multiple stakeholders,
interdependent systems, and irreducible uncertainties
converge (Bu et al, 2022). Recent scholarship underscores the
value of such analyses in dissecting the effects of policy

INTRODUCTION

The escalating challenges of environmental degradation,
climate variability, and resource scarcity demand innovative
approaches to policy design and evaluation in environmental
science. Over the past decade, policymakers have grappled with
the limitations of conventional forecasting methods, which
project future states based on assumed trends but often
overlook the contingent nature of policy outcomes (Vecchiato,

2019; Cai et al, 2020). For instance, efforts to mitigate 2020; Ghazali et al,, 2023).
The novelty of this manuscript lies in extending counterfactual

logic beyond isolated "what-if" queries to a structured
recombination of scenario elements. Scenarios, as narrative
constructs of plausible futures, have long been employed in
environmental planning to navigate uncertainty (Treu et al.,
2023; Lin et al, 2024). However, existing applications often
treat scenarios as static or siloed, limiting their utility for
dynamic policy exploration (Devi et al., 2025). By recombining
components—such as regulatory instruments, stakeholder
engagements, and temporal sequences—from diverse
scenarios, the proposed framework generates novel
counterfactual pathways. This approach departs from forecast-

interventions on natural systems, emphasizing how alternative
decisions might have reshaped ecological equilibria (Cai et al.,

greenhouse gas emissions through international agreements
reveal how unforeseen interactions—such as geopolitical shifts
or technological disruptions—can alter anticipated pathways
(Lazzarini et al., 2022). This paper posits that a shift toward
counterfactual thinking, specifically through scenario
recombination, offers a promising avenue for theorizing
alternative policy trajectories without relying on probabilistic
predictions.

Counterfactual analysis, broadly defined as the exploration of
hypothetical alternatives to observed events, has gained
traction in environmental contexts as a means to interrogate
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driven paradigms, which presume a linear progression from
current states to desired endpoints, and instead embraces
combinatorial creativity to reveal emergent properties in policy
systems (Kalouptsidi et al., 2023).

The imperative for this theoretical innovation stems from the
inadequacies of predictive models in capturing the polycentric
nature of environmental governance. For example, global
efforts to achieve net-zero emissions by mid-century rely on
integrated assessment models that forecast outcomes under
varying assumptions, yet these models frequently
underestimate the role of policy feedbacks and path
dependencies (Mennig & Sauer, 2025). Counterfactual
recombination addresses this by allowing theorists to mix
elements from high-emission and low-emission scenarios,
thereby conceptualizing hybrid pathways that might enhance
resilience or equity (Teodorovicz et al., 2020). This is especially
pertinent in the context of the 2020s, where rapid transitions in
energy systems and land use demand flexible conceptual tools
(Gechter, 2022).

Furthermore, the framework aligns with broader calls in
environmental science for reflexive and adaptive theorizing. As
global risks reports highlight, environmental threats are
increasingly interconnected with economic and social domains,
necessitating frameworks that can disentangle these linkages
conceptually (Teodorovicz et al, 2020). By focusing on
recombination, the approach encourages a modular view of
policies, where individual elements (e.g., subsidy structures or
monitoring protocols) can be isolated, varied, and reintegrated
to assess systemic effects (Jiren et al, 2023). This not only
enriches theoretical discourse but also informs practical
deliberations, such as those in multilateral environmental
agreements, without prescribing specific actions.

Theoretical background & literature synthesis

Counterfactual reasoning in environmental policy
Counterfactual reasoning has emerged as an increasingly
critical analytical tool in environmental policy, enabling
researchers and policymakers to conceptually explore
alternative outcomes in the absence of specific interventions
(Vecchiato, 2019). At its core, this approach involves the
systematic construction of hypothetical scenarios in which one
or more variables are deliberately altered, with the goal of
assessing their causal influence on environmental systems (Cai
et al.,, 2020). Unlike predictive or probabilistic models, which
extrapolate likely states from historical data,
counterfactual reasoning prioritizes logical consistency and
conceptual plausibility over empirical validation (Jiren et al.,
2023). This distinction is particularly salient in environmental
contexts, where data scarcity, complex feedback loops, and non-
linear system dynamics often limit the reliability of
conventional forecasts (Teodorovicz et al.,, 2020).

Recent studies have demonstrated the practical utility of
counterfactual frameworks in evaluating the efficacy of disaster
risk reduction measures. By considering the absence of
mitigation strategies, these analyses reveal how vulnerabilities

future

within ecosystems could be exacerbated under alternative
conditions (Vecchiato, 2019). For example, in the context of
climate-related hazards, counterfactual reasoning enables
quantification of avoided impacts, such as reduced biodiversity
loss or decreased soil degradation, under alternative land-use
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or conservation policies (Ghazali et al, 2023). Furthermore,
literature from 2022 onward emphasizes the utility of
counterfactuals in bounding potential outcomes in complex,
multi-equilibrium systems, such as resource allocation under
differing regulatory regimes (Jiren et al., 2023). By relaxing the
these
approaches provide conservative and robust estimates of policy
effects, thereby informing theoretical debates on sustainability,
resilience, and adaptive governance (Bu et al., 2022).

Despite its growing adoption, the application of counterfactual
reasoning in environmental policy remains fragmented. Most
studies focus on ex-post evaluation—assessing the
consequences of policies that have already been implemented—
rather than on proactive theorizing to guide forward-looking
policy design (Cai et al.,, 2020). This limitation constrains the
ability of counterfactual approaches to address questions such
as how recombining elements from different international
agreements could alter global emission trajectories or
accelerate the adoption of clean technologies (Mennig & Sauer,
2025). Consequently, there is a clear need for frameworks that
integrate counterfactual logic into anticipatory policy design,

common assumption of equilibrium uniqueness,

moving beyond retrospective assessment toward exploratory
and normative applications.

Scenario planning as a foundation for policy pathways

Scenario planning complements counterfactual reasoning by
providing structured, internally coherent narratives of plausible
futures, thereby facilitating the conceptualization of policy
pathways in conditions of deep uncertainty (Treu et al., 2023;
Lin et al., 2024). Defined broadly, scenario planning involves the
development of multiple depictions of future states that are
internally consistent yet diverge along critical axes of
uncertainty (Ghazali et al., 2023; Devi et al., 2025). This method
has been adapted extensively for climate adaptation and
sustainability planning, emphasizing the integration of
qualitative insights with formal analyses of systemic
uncertainties (Ghazali et al., 2023; Devi et al., 2025). Recent
methodological guides advocate participatory approaches,
where diverse stakeholders co-create scenarios to identify
strategies that remain robust across multiple possible futures
(Ghazali et al., 2023; Treu et al., 2023).

In environmental contexts, scenario planning
policymakers to illuminate potential pathways—defined as
sequences of actions leading to specific outcomes—by
systematically accounting for driving forces such as
technological innovation, socio-political shifts, and
environmental change (Kalouptsidi et al., 2023). Exploratory
scenario planning (XSP), in particular, has been used to navigate
uncertainties in urbanization, climate impacts, and land-use
transitions, thereby promoting adaptive governance through
the identification of critical uncertainties and leverage points
(Treuetal., 2023). However, recent studies highlight perceptual
and institutional barriers to scenario adoption, including
skepticism toward non-traditional methods in public land
management and resource planning (Kalouptsidi et al., 2023).

allows

Nevertheless, scenario planning continues to provide significant
value by revealing path dependencies in environmental systems
and highlighting points of intervention that may otherwise
remain obscured (Devi et al., 2025).

Traditional scenario approaches, however, often treat
narratives as monolithic wholes, rarely deconstructing them
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into constituent elements for modular analysis (Lin et al,, 2024).
This limits opportunities to recombine scenario components—
for instance, merging adaptation strategies derived from arid
and temperate climate scenarios to generate hybrid pathways
that address multifaceted environmental challenges (Gechter,
2022). Recognizing this limitation, emerging scholarship
advocates a more modular approach to scenario planning that
allows for recombinatorial exploration, enhancing both
conceptual flexibility and practical applicability.

Integrating counterfactuals and scenarios: emerging synergies
The integration of counterfactual reasoning with scenario
planning represents a promising theoretical frontier in
environmental policy analysis (Vecchiato, 2019; Teodorovicz et
al, 2020). Recent frameworks demonstrate that these
approaches are mutually reinforcing: counterfactuals can test
the robustness of scenarios by systematically altering key
assumptions, while scenarios provide structured contexts in
which counterfactual analyses can be applied (Jiren et al., 2023;
Mennig & Sauer, 2025). For example, studies evaluating
international trade agreements have used counterfactual logic
to assess environmental provisions, highlighting how the
absence of specific policy measures might shift outcomes under
conditions of global inequality (Mennig & Sauer, 2025).
Similarly, bounding techniques in economic and ecological
models integrate scenario narratives to constrain
counterfactual outcomes, thereby addressing uncertainties in
policy effectiveness and facilitating more robust policy design
(Jiren et al., 2023).

The combined application of counterfactuals and scenarios is
particularly relevant for clean growth and sustainability
policies. Counterfactual simulations have been used to explore
how the relocation of environmentally “dirty” production or the
deployment of clean technologies could alter emissions
trajectories and innovation pathways (Bu et al, 2022).
Literature from 2024 emphasizes that stringent environmental
regulations can stimulate technological innovation; however,
their global effects are mediated by complex recombinatorial
dynamics that linear models often fail to capture (Bu et al,
2022). Adaptation strategies similarly benefit from this
integrated approach, with reports advocating for embedded
nature-based considerations and resilience principles in
decision-making frameworks to support robust, adaptable
pathways (Gechter, 2022).

Gaps in current theoretical paradigms

Despite these advances, several significant gaps persist in the
literature. First, the prevailing dominance of forecast-oriented
paradigms marginalizes combinatorial and conceptual
approaches, creating theoretical silos that hinder integrative
analysis (Cai et al., 2020; Treu et al.,, 2023). Second, there is a
tendency to conflate counterfactual analysis with empirical
backtesting, thereby neglecting purely conceptual applications
that could illuminate novel policy possibilities (Vecchiato, 2019;
Kalouptsidi et al., 2023). Third, limited attention has been paid
to the recombination of policy elements as a mechanism for
generating innovative pathways; most studies focus instead on
decomposition or linear scenario development (Ghazali et al.,
2023; Devi et al, 2025). Finally, institutional inertia,
epistemological conservatism, and methodological barriers
continue to constrain the mainstream adoption of these tools in
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environmental governance (Teodorovicz et al, 2020;
Kalouptsidi et al.,, 2023). Addressing these gaps requires the
development of a new conceptual framework that explicitly
prioritizes recombination to theorize non-linear policy
dynamics, thereby filling a critical void in conceptual

environmental science (Gechter, 2022).

Proposed  conceptual
recombination

framework: counterfactual

policy
To address these limitations, we propose a novel conceptual
framework termed policy counterfactual recombination,
designed to advance the theorization of environmental policy
pathways. This framework treats policies not as static
sequences of actions but as modular assemblages that can be
disassembled, recombined, and systematically evaluated under
hypothetical conditions. Conceptually, the
comprises three interconnected components: (1) scenario

framework

decomposition, (2) element recombination, and (3) pathway
evaluation. Each component emphasizes logical inference and
conceptual reasoning rather than computational simulation,
allowing for the exploration of policy resilience and adaptability
across diverse environmental contexts.

Scenario decomposition constitutes the first stage of the
framework, breaking down existing environmental scenarios
into discrete elements. These elements include regulatory
instruments (e.g., emission caps, carbon pricing mechanisms),
stakeholder roles (e.g, collaborations,
private sector partnerships), temporal phases (e.g., short-term

intergovernmental

implementation versus long-term monitoring), and contextual
factors (e.g., economic incentives, ecological thresholds) (Treu
et al, 2023; Lin et al, 2024). By isolating these elements, the
framework enables granular analysis of the contributions of
individual components to overall policy pathways, revealing
interdependencies that are often obscured in holistic scenario
narratives (Kalouptsidi et al, 2023). This decomposition
provides the foundation for subsequent recombinatorial
analysis, allowing policymakers and researchers to explore
alternative assemblies of policy elements that could yield novel
or more resilient environmental outcomes (Sefah et al.,, 2022;
ilhan et al., 2022; Liu et al., 2022; Nguyen & Le, 2022; Nkosi &
Dlamini, 2023; Bandi et al., 2024; Landry et al., 2024).

Element recombination follows, where decomposed parts from
multiple scenarios are selectively merged to form new
counterfactual  configurations. This step emphasizes
combinatorial logic, akin to theoretical synthesis in systems
thinking, to create hybrid pathways (Jiren et al., 2023; Mennig &
Sauer, 2025). For example, recombining carbon taxation from a
high-regulation scenario with community-based conservation
from a decentralized one might yield a counterfactual pathway
that balances economic efficiency with social equity (Bu et al.,
2022; Gechter, 2022). The recombination is guided by
principles of compatibility and novelty, ensuring that resultant
pathways are plausible yet innovative, thus extending beyond
mere variations of existing models (Vecchiato, 2019;
Teodorovicz et al., 2020).

Pathway evaluation assesses the theoretical implications of
recombined configurations, focusing on emergent properties
such as stability, equity, and environmental efficacy (Cai et al.,
2020; Ghazali et al., 2023). This involves conceptual mapping of
potential feedbacks, where recombined elements interact to
produce outcomes divergent from original scenarios (Devi et al.,
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2025). The framework posits that such evaluation enhances
understanding of policy robustness, particularly in uncertain

contexts like climate transitions (Lazzarini et al., 2022).
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Figure 1. framework as a cyclical process diagram

Encircling the diagram are feedback loops indicating iterative
refinement, with external inputs from "Environmental
Uncertainties" feeding into each segment. The overall structure
emphasizes modularity and cyclicity, symbolizing the
framework's departure from linear forecasting (Ali et al., 2025).

Propositions
The conceptual policy
recombination generates a series of testable propositions that

framework of counterfactual
advance theoretical understanding in environmental science.
These propositions emerge from the framework's emphasis on
modular decomposition and systematic reassembly, positing
relationships among policy elements, uncertainties, and
potential outcomes across hypothetical pathways. Each
proposition articulates a mechanism through which
counterfactual recombination can enrich conceptual analysis,
offering insights into resilience, adaptability, and uncertainty
management in environmental policy (Bahrawi & Ali, 2023;
Ekpo et al, 2023; Khashashneh et al., 2023; Lee et al., 2023;
Ncube et al., 2023; AlMoula et al., 2024; Ferraz, 2024; Iftode et
al, 2024; Li et al., 2024; Osluf & Shoukeer, 2024)

Proposition 1: Modular decomposition enhances causal clarity.
The decomposition of environmental policy scenarios into
discrete elements increases the theoretical identifiability of
causal interdependencies, thereby reducing ambiguity in
attributing observed or projected outcomes to specific policy
components. In traditional scenario analyses, holistic narratives
often obscure underlying mechanisms, making it difficult to
trace how individual components—such as regulatory
instruments, stakeholder roles, or temporal phases—interact to
produce systemic outcomes (Lin et al, 2024; Saussay & Sato,
2024). By isolating these elements, recombination enables a
clearer conceptualization of propagation effects within
systems. This proposition implies that
frameworks prioritizing modularity can more effectively
theorize resilience in policy design, particularly under

environmental
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conditions of ecological variability and systemic shocks.
Proposition 2: Recombination generates emergent adaptive
pathways.

Recombining elements drawn from divergent scenarios
produces emergent pathways that exhibit greater conceptual
adaptability  than forecasting models. Hybrid
configurations leverage complementarities across policy
domains, creating novel pathways that may mitigate trade-offs
inherent in single-domain strategies. For example, integrating

linear

economic incentives from climate mitigation scenarios with
social equity measures from adaptation contexts could
theoretically yield pathways that balance efficiency, inclusivity,
and environmental outcomes (Bertolotti et al., 2022; Ali et al.,
2025). This proposition highlights the potential for non-additive
interactions, where the recombined whole exhibits properties
exceeding the sum of its parts, contributing to theoretical
discourses on systemic transitions, adaptive governance, and
multi-objective policy design (Burghate & Mundada, 2023;
Belfiore et al.,, 2024; Sheshadri et al., 2024).

Proposition 3: Pathway evaluation enhances robustness
understanding.

Evaluating recombined policy pathways against explicit
criteria—such as environmental efficacy, social acceptability, or
resilience to exogenous shocks—enables the conceptualization
of policy
incorporating feedback loops and iterative recombination, this

robustness in uncertain environments. By
process reveals how initial conditions, sequencing, and
interdependencies influence trajectory divergence (Pynegar et
al., 2025; Sharma et al., 2025). The proposition underscores the
framework's utility in theorizing adaptive governance: through
iterative evaluation, policymakers and scholars can anticipate
potential tipping points, bottlenecks, and cascading effects
absent in predictive or linear models.

Proposition 4: Counterfactual recombination
probabilistic conceptualizations of futures.

The application of counterfactual recombination encourages a

fosters
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shift from deterministic to probabilistic and exploratory
conceptualizations of environmental futures. By generating
multiple plausible pathways, the framework emphasizes
uncertainty management and reflexive theorizing without
reliance on empirical probabilities (Chen & Huang, 2019;
Ferreira et al., 2019). This approach allows scholars to account

for stochastic elements—such as climatic variability,
geopolitical shifts, or emergent technological disruptions—
while challenging assumed baselines and conventional
expectations. Consequently, theoretical models become better
equipped to accommodate ambiguity, non-linearities, and

unexpected interactions in complex socio-ecological systems.

Table 1. Key Propositions of the Policy Counterfactual Recombination Framework and Their Theoretical Implications

Proposition Description Theoretical Implications
Breaking down environmental policy scenarios into discrete
1. Modular g poticy Facilitates clearer conceptualization of how changes
. elements (e.g, regulatory tools, stakeholder roles, temporal ) .
decomposition . . . in one policy component propagate through the
phases, contextual factors) improves identification of causal . . .
enhances causal . ) . 0. system; improves theorizing of resilience under
i interdependencies and reduces ambiguity in attributing ) D
clarity ecological variability.

outcomes.

Combining elements from divergent scenarios produces
hybrid pathways that leverage complementarities across
policy domains (e.g., integrating economic incentives from
mitigation scenarios with social equity measures from

2. Recombination
generates emergent
adaptive pathways

adaptation contexts).

Enables exploration of non-additive interactions;
hybrid pathways can balance efficiency, inclusivity,
and environmental objectives; contributes to
systemic transition theory.

3. Pathway
evaluation enhances

Assessing recombined pathways against criteria such as
environmental efficacy or social acceptability incorporates

Reveals how initial conditions and
interdependencies influence trajectory divergence;

robustness . X X informs adaptive governance and understanding of
. feedback loops and iterative evaluation. . o
understanding path dependencies absent in linear models.
4. Counterfactual . . . . Supports reflexive theorizing in complex socio-
L Generating multiple plausible pathways shifts focus PP . 8 P R
recombination ecological systems; accounts for stochastic

fosters probabilistic
conceptualizations of
futures

from deterministic to exploratory and probabilistic
thinking, emphasizing uncertainty management without
relying on empirical probabilities.

elements (e.g., climate variability, geopolitical
shifts) and challenges conventional baseline
assumptions.

RESULTS AND DISCUSSION

The proposed framework of policy counterfactual
recombination addresses several critical gaps in environmental
policy theorizing, with implications for both scholarly research
and conceptual practice. At its core, the framework challenges
the dominance of forecast-oriented methods by prioritizing
exploratory recombination, aligning with recent calls for
flexible, system-sensitive tools in navigating complex
environmental systems (Kikstra et al., 2021; Tricarico et al.,
2025). This shift allows theorists to conceptualize policy
innovations that transcend traditional silos—for instance,
integrating biodiversity offsets with carbon trading in
hypothetical scenarios—thereby enriching debates on
integrated environmental management and sustainability
transitions (Alkhanova et al., 2023; Ku et al., 2023; Manole et al.,
2023; Muresan et al., 2023; Oliphant et al., 2023; Awasthi et al.,
2024; Danchin et al., 2024).

One key implication of the framework is the enhancement of
theoretical resilience in policy models. Traditional approaches
often suffer from overconfidence in projections derived from
linear assumptions or historical extrapolations. In contrast,
recombination encourages the exploration of alternative
configurations, revealing hidden vulnerabilities, synergistic
opportunities, and systemic sensitivities that might otherwise
remain obscured (Pynegar et al., 2025; Tricarico et al., 2025).
For environmental science, this translates into a more nuanced
understanding of how policy pathways can adapt to intersecting
crises—such as climate change, resource depletion, and socio-
political instability—without relying on prescriptive
empiricism (Elamin et al, 2023; Sonbol, 2023; Talvan et al.,
2023; Welman & Chima, 2023; Alhossan et al., 2024; Delcea et
al,, 2024; Kim et al., 2024; Liu et al., 2024; Su et al., 2024; Uneno
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etal., 2024).

Despite its conceptual advantages, the framework is not without
limitations. Its purely theoretical nature precludes direct
operationalization in decision-making contexts without
complementary empirical or modeling validation, potentially
limiting immediate applicability (Gechter, 2022; Saussay & Sato,
2024). Moreover, the reliance on logical compatibility in
recombination may introduce subjective biases in element
selection, emphasizing the need for rigorous criteria,
methodological transparency, and structured justification of
choices (Kalouptsidi et al., 2023; Sharma et al., 2025). Future
extensions could integrate multi-stakeholder perspectives,
participatory scenario-building, and cross-sectoral inputs to
mitigate these biases, aligning with contemporary paradigms in
collaborative environmental governance.

The broader implications of the framework extend to
interdisciplinary integration. By combining counterfactual logic
with scenario-based analysis, it bridges environmental science
with economics, systems theory, and political ecology, fostering
hybrid models capable of conceptualizing socio-ecological
dynamics in a coherent, yet flexible, manner (Chen & Huang,
2019; Katzner et al, 2022). This integration supports
theoretical advancements in sustainability transitions, enabling
the exploration of novel pathways toward low-carbon, resilient
Furthermore, by emphasizing modularity,
recombination, and iterative evaluation, the framework
encourages reflexive approaches that question prevailing
assumptions, highlight uncertainty, and expand the conceptual
toolkit available to scholars and policymakers alike.

Ultimately, the value of policy counterfactual recombination lies
not in predictive accuracy but in its capacity to stimulate
creative and critical dialogue about uncertain futures. By
offering a structured yet flexible approach to environmental

economies.
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policy theorizing, the framework invites scholars to move
beyond deterministic forecasts and to explore the rich
landscape of hypothetical possibilities, thereby contributing to

more resilient, adaptive, and
governance (Oliphant et al., 2023).

integrative environmental

Table 2. Key Implications, Limitations, and Interdisciplinary Contributions of the Policy Counterfactual Recombination Framework

Category Description Implications for Environmental Science
Theoretical Emphasizes modularity, recombination, and iterative Enhances conceptualization of non-linear dynamics,
Implications evaluation over linear forecasting. resilience, and adaptive governance.

Practical Implications

Supports exploration of hybrid policy pathways (e.g.,
integrating carbon pricing with biodiversity offsets).

Provides a tool for theorists to conceptualize “what-if”
policy scenarios; informs flexible environmental
management strategies.

Purely conceptual; requires empirical validation;

Highlights need for rigorous criteria, participatory

Limitations . . . ) approaches, and complementary modeling to ensure
potential subjective bias in element selection. o
applicability.
N Bridges environmental science with economics, Facilitates hybrid models of socio-ecological systems;
Interdisciplinary . X o . i . .
. systems theory, political ecology, and sustainability informs sustainability transition research and low-carbon
Contributions

studies.

policy design.

Future Research

Integration of multi-stakeholder perspectives,
scenario co-creation, and simulation-based testing of

Encourages research on adaptive policy innovation under

Directions . uncertainty and emergent environmental risks.
recombined pathways.
cointegration and counterfactual analysis. Humanities and
CONCLUSION Social Sciences Communications, 12, 1135.

In summary, this manuscript introduces a novel conceptual
environmental policy analysis through
counterfactual recombination of scenarios, departing from

framework for

conventional predictive paradigms to emphasize modular
pathways. By decomposing,
recombining, and evaluating policy elements, the approach
offers a theoretical lens for interrogating "what-if" dynamics in
complex systems, contributing to enhanced understandings of
resilience and adaptability in environmental governance. The
derived propositions highlight potential relationships that
merit further conceptual refinement, while the discussion

exploration of hypothetical

underscores implications for interdisciplinary theorizing. As
environmental intensify,
provide essential tools for scholars to conceptualize robust
policy trajectories, paving the way for future innovations in

uncertainties such frameworks

sustainability science.
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