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1. Introduction

With the advancement of technology in the twentieth century, the intensity and spatial extent of human interventions
in the biosphere have increased markedly, resulting in environmental degradation, loss of ecosystem services, and a
heightened risk of nonlinear changes across broad temporal and spatial scales. Given that a healthy and well-
functioning natural environment constitutes the foundation of human well-being and economic development,
increasing attention has been directed toward the intrinsic value of the environment and appropriate management
approaches. Simplistic, command-and-control-based approaches to ecosystem management, by neglecting
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complexity, system dynamics, and uncertainty, often lead to increased vulnerability of socio-ecological systems. In
this context, Strategic Environmental Assessment (SEA), while serving as a key instrument for supporting
development-related decision-making, is conventionally grounded in assumptions of linear, predictable cause—effect
relationships and therefore does not fully correspond to the realities of complex systems. Accordingly, integrating a
socio-ecological systems resilience perspective into SEA—emphasizing complexity, cross-scale interactions, and
uncertainty—can facilitate a transition from a static, impact-oriented approach toward a dynamic, integrated, and
sustainability-oriented framework. Such a shift opens new horizons for spatial planning and sustainable management
at the landscape scale.

2. Materials and Methods

The present study is classified as fundamental research and aims to emphasize the necessity of integrating resilience
assessment within the framework of SEA of development policies and plans. The research seeks to introduce an
innovative approach for examining changes in socio-ecological systems and their synergistic interactions resulting
from the implementation of development programs at the landscape scale. The main research question addresses
how resilience assessment can be incorporated into the SEA process in order to improve the quality of development
planning and decision-making. To achieve this objective, a meta-synthesis method—one of the emerging
approaches in qualitative research—was employed. This method involves the systematic analysis and integration of
findings from previous relevant studies to generate a more comprehensive understanding of the subject. By adopting
a holistic perspective, the study addresses key challenges such as uncertainty in socio-ecological interactions, the
multi-scale effects of disturbances, and the limitations of centralized environmental management approaches.
Ultimately, the research aims to enhance ecosystem resilience and increase the reliability of development-related
decision-making across the landscape.

3. Results and Discussion

The resilience approach provides a structured framework for understanding complexity, uncertainty, and
interconnections within socio-ecological systems and can be effectively applied in the SEA process to manage
uncertainty. Integrating resilience into SEA enables development policies, plans, and programs to address socio-
ecological challenges more effectively and to avoid exacerbating negative future impacts. Operationalizing this
approach requires establishing an explicit linkage between biotic and abiotic ecosystem components and resilience to
disturbances across multiple scales. Accordingly, assessing baseline resilience and the resilience of future land-use
change scenarios at scales beyond the local level is essential. Within this framework, system performance serves as a
proxy for resilience and is influenced by changes in variables and their interactions over time, potentially increasing
or decreasing. This perspective facilitates the identification of conditions under which system performance can be
maintained or degraded in the future and supports the determination of appropriate levels of managerial intervention.
However, performance-based resilience measurement remains challenging due to the nonlinear interactions among
social, ecological, and economic components. For effective implementation of this approach within SEA, the
process must begin at the screening and scoping stages to ensure that stakeholder concerns are incorporated from the
outset. To address existing gaps, this study proposes a spatial framework for quantifying resilience at the landscape
scale. The framework, grounded in the socio-ecological systems perspective, consists of three stages—screening,
main assessment, and adaptive management—and emphasizes the use of structural and functional indicators to
assess resilience and support decision-making under uncertainty.

4. Conclusion

The findings of this study indicate that traditional, static ecosystem management approaches are insufficient for
addressing contemporary development conditions due to their neglect of gradual change, complexity, and
uncertainty. In contrast, the resilience approach—by focusing on the capacities of socio-ecological systems to
absorb, adapt, and recover—enables the management of continuous change and the reduction of ecosystem
vulnerability. Applying this approach within the SEA framework facilitates a paradigm shift from centralized
management toward adaptive management based on an understanding of landscape dynamics. By quantifying
spatial resilience and emphasizing evolving baseline conditions, the proposed framework allows for the
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identification of areas with higher carrying capacity as well as more vulnerable zones, thereby reducing the risks
associated with development implementation. Selecting the landscape scale as the primary level of analysis helps
address the mismatch between management scales and the scales at which environmental processes operate.
Through the integrated and holistic consideration of biophysical, social, and economic components, the framework
supports the prioritization of management actions and enhances the quality of decision-making. Finally, while the
operationalization of resilience remains challenging, the proposed framework represents a meaningful step toward
reducing uncertainty and improving the effectiveness of SEA, and it warrants further testing and refinement across
diverse development decision-making contexts.

Keywords: Socio-ecological systems, Environmental development, Spatial resilience, Uncertainty, Sustainable land
management
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