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Spatial resilience of rural settlements in arid coastal regions is
increasingly influenced by the complex interaction of
environmental, institutional, and economic factors. Chabahar
region, as one of the strategic areas in southeastern Iran, confronts
multiple challenges such as water scarcity, climatic pressures,
spatial disparities, and institutional constraints, which create
considerable uncertainty regarding the future sustainability of its
rural settlements. This study aims to identify the key drivers
affecting the spatial resilience of rural settlements in Chabahar and
to analyze possible future scenarios. The research adopted a futures
studies approach, incorporating structural analysis via the
MICMAC method and scenario planning using Scenario Wizard
software. In the first stage, 16 key variables were identified through
literature review and expert consultation, which were then analyzed
via a cross-impact matrix. The results of the MICMAC analysis
indicate that governance and institutional support, access to water
resources, environmental quality, climate change, and spatial
connectivity are the most influential structural drivers shaping the
spatial resilience system of the region. Subsequently, five major
drivers were selected for scenario analysis, and three possible states
were defined for each. The analysis revealed three consistent
scenario: resilient integration, stagnant transition, and systemic
lock-in. The stagnant transition scenario - current trends with
modest infrastructure/governance gains - was deemed most
probable for the region. Building spatial resilience in Chabahar thus
demands integrated governance, sustainable water management,
livelihood diversification, and better rural connectivity. These
results provide a useful basis for evidence-based and adaptive
forward looking spatial planning and policymaking in vulnerable
coastal regions.
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Extended Abstract

Introduction

Rural settlements in arid and semi-arid
regions are increasingly exposed to the
impacts of climate change, including water
scarcity, land degradation, prolonged
droughts, and growing climatic variability.
These environmental pressures significantly
affect rural livelihoods, particularly in
communities that depend heavily on
climate-sensitive  resources such  as
agriculture, water availability, and local
ecosystems. As a result, climate change not
only threatens economic stability and food
security but also undermines the spatial
organization, sustainability, and long-term
viability of rural settlements. In this
context, resilience has emerged as a key
conceptual framework for understanding
how  rural  systems  respond to
environmental stresses, absorb
disturbances, and adapt to changing
conditions. Spatial resilience, in particular,
refers to the ability of settlements to
maintain or reorganize their functional
structure, sustain access to essential
resources and services, and preserve spatial
connectivity and infrastructure despite
external  shocks and  environmental
pressures.

However, numerous studies on rural
resilience primarily focus on socio-
economic vulnerability, livelihood
diversification, social capital, or adaptation
strategies, while paying less attention to the
structural relationships and interactions
among the key factors that shape spatial
resilience. Rural settlements are complex
socio-ecological ~ systems in  which
environmental resources, infrastructure,
governance institutions, economic
activities, and social capacities are strongly
interconnected. Consequently, the influence
of individual factors may depend on their
interactions with other elements of the
system rather than on their direct effects
alone. Spatial resilience should therefore be
understood as a systemic capacity emerging
from the interaction of multiple spatial,
environmental, social, economic, and
institutional drivers.

This perspective highlights an important
methodological gap in the existing
literature. Identifying the most influential

drivers requires analytical approaches
capable of examining both direct and
indirect relationships and distinguishing
influential drivers from factors that are
primarily dependent on other elements of
the system. Structural analysis, particularly
the MICMAC method, provides a
systematic approach for examining the
influence and interdependence of variables
and identifying key drivers within complex
systems. This issue is particularly relevant
in Sistan and Baluchestan Province in
southeastern Iran, where rural communities
face recurrent droughts, limited water
resources, fragile ecosystems, infrastructure
constraints, and restricted economic
opportunities. Chabahar County represents
a particularly important case because its
rural  settlements are simultaneously
affected by climatic pressures, spatial
disparities, environmental constraints, and
institutional challenges. Accordingly, this
study aims to identify and analyze the key
drivers of spatial resilience in climate-
vulnerable rural settlements of Chabahar
County, southeastern Iran, using the
MICMAC structural analysis approach. The
findings are expected to provide a
systematic basis for prioritizing
interventions and supporting forward-
looking spatial planning in vulnerable rural
regions. Understanding spatial resilience
requires moving beyond static assessments
of vulnerability and considering the
dynamic processes through which rural
systems reorganize over time. Such an
approach recognizes that resilience is not
merely a predefined attribute of rural
settlements but a continuously evolving
capacity shaped by feedback mechanisms,
adaptive responses, and the changing
relationships among environmental, social,
and institutional components.

In this regard, analyzing the underlying
structure of rural systems is crucial for
revealing how different drivers contribute
to resilience formation and transformation.
A systemic perspective enables researchers
and planners to identify leverage points
where targeted interventions can generate
broader improvements in rural adaptive
capacity. By emphasizing
interdependencies rather than individual
variables, this approach provides a more
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comprehensive understanding of resilience
dynamics and supports evidence-based
decision-making for climate-sensitive rural
development.

Methodology

This study employed a mixed-methods
approach to identify and analyze the key
drivers shaping spatial resilience in climate-
vulnerable rural settlements of Chabahar
County, southeastern Iran. Given the
complex and interconnected nature of rural
socio-ecological systems, the research
framework combined qualitative procedures
for identifying and validating key variables
with quantitative structural analysis and
future  scenario  development.  This
integrated approach enabled the
identification of influential  factors,
examination of their interrelationships, and
assessment of potential future pathways for
spatial resilience.

The study area was Chabahar County,
located in Sistan and Baluchestan Province
in southeastern Iran. The region was
selected due to its high exposure to climatic
pressures, including recurrent droughts,
limited water resources, environmental
degradation, and the vulnerability of rural
livelihoods dependent on climate-sensitive
activities. These characteristics make
Chabahar an appropriate case for
investigating the structural drivers of spatial
resilience in rural settlements facing
increasing environmental uncertainties.

The identification of key variables was
conducted in two complementary stages.
First, an extensive review of theoretical and
empirical literature related to rural
resilience, climate change vulnerability,
spatial  development, and  regional
sustainability was undertaken. Relevant
studies published between 2010 and 2024
were  examined using international
databases, including Scopus, Web of
Science, and Google Scholar, as well as
national academic databases. The extracted
variables were then evaluated and refined
based on their conceptual relevance to
spatial resilience and their applicability to
the local context of Chabahar. In the second
stage, exploratory semi-structured
consultations were conducted with experts
in rural planning, environmental

management, geography, and regional
development. Using purposive sampling, 15
experts with academic expertise or
professional experience in rural
development and  spatial  planning
participated in the validation process. Based
on the literature review and expert
assessments, 16 key variables representing
environmental, socio-economic, spatial,
infrastructural, and institutional dimensions
of resilience were identified.

In the next stage, the structural relationships
among the identified variables were
analyzed using the MICMAC (Cross-
Impact Matrix Multiplication Applied to
Classification) method. This method was
selected because it enables the analysis of
complex systems by considering both direct
and indirect relationships among variables.
A 16x16 cross-impact matrix was
developed, including 256  possible
relationships among the variables. The
expert panel evaluated the direct influence
of each variable on other variables using a
four-point scale ranging from 0 (no
influence) to 3 (strong influence). The
aggregated matrix was then analyzed using
MICMAC software to calculate the
influence and dependence of each variable.
Based on the results, variables were
classified into four structural categories:
driving variables with high influence and
low dependence, linkage variables with
high influence and high dependence,
dependent variables, and autonomous
variables. This classification provided the
basis for identifying the most strategic
drivers shaping spatial resilience in the
study area.

Finally, Scenario Wizard software was
applied to explore possible future pathways
of spatial resilience. The most influential
drivers identified through MICMAC
analysis were selected as the basis for
scenario development. Alternative future
states were defined for each key driver, and
their mutual compatibility was assessed
using a cross-impact balance approach. The
resulting consistent combinations were used
to construct plausible future scenarios,
allowing the assessment of alternative
trajectories for spatial resilience in rural
settlements of Chabahar.
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Overall, the methodological framework
combined structural analysis and scenario
planning to move beyond the identification
of isolated factors and provide a systemic
understanding of  how interacting
environmental, institutional, economic, and
spatial drivers shape the future resilience of
rural settlements.

Results and discussion

The results of the structural analysis
demonstrated that spatial resilience in the
rural settlements of Chabahar constitutes a
highly interconnected system. The cross-
impact matrix showed a filling rate of
89.06%, indicating strong interactions and
mutual dependencies among the variables
shaping the resilience system. This finding
confirms that spatial resilience cannot be
explained through isolated factors; rather, it
emerges from the complex interactions
among environmental, institutional,
economic, and spatial components. The
MICMAC analysis identified institutional
support and governance, access to water
resources, and environmental quality as the
most influential determinant drivers. These
variables occupied central positions in the
resilience structure due to their high
influence and relatively strategic role in
shaping the direction of systemic changes.
The results indicate that strengthening rural
resilience requires addressing structural
conditions, particularly governance
capacity, resource management, and
environmental sustainability, rather than
focusing only on  household-level
adaptation or economic improvement.

The dominant role of institutional support
and governance highlights the importance
of  effective coordination, policy
integration, and institutional capacity in
shaping spatial resilience. In climate-
vulnerable rural regions, governance
mechanisms determine the ability of
communities and local systems to mobilize
resources, implement adaptation strategies,
and respond to environmental pressures.
Similarly, access to water resources
emerged as a critical driver, reflecting the
central role of water security in maintaining
rural livelihoods, settlement stability, and
spatial continuity in arid and semi-arid
environments.  The  significance  of

environmental quality further emphasizes
that degradation of natural resources can
reduce the adaptive capacity of rural
systems and reinforce existing
vulnerabilities.

The analysis also identified spatial
connectivity, local markets, and livelihood
diversification as linkage variables
characterized by both high influence and
high dependence. Their position within the
system suggests that these factors act as
mediators through which institutional and
environmental changes are transferred to
socio-economic  outcomes.  Improving
governance capacity, water management,
and environmental conditions can therefore
contribute  to enhanced connectivity,
stronger market integration, and more
diversified rural economies. At the same
time, these linkage variables can influence
dependent components of resilience by
improving livelihood opportunities and
reducing economic vulnerability. This
finding supports a systemic interpretation of
spatial resilience, in which economic and
social outcomes are shaped by broader
structural conditions rather than functioning
as independent drivers.

In contrast, financial resources and
agricultural livelihoods were classified as
dependent variables, indicating that their
performance is largely influenced by other
structural elements of the system. This
suggests that interventions aimed at
improving rural income or agricultural
sustainability are unlikely to achieve long-
term impacts without addressing underlying
institutional, environmental, and spatial
constraints. Therefore, resilience-building
strategies  should prioritize  upstream
drivers, including governance reform,
sustainable water management,
environmental protection, and improved
spatial integration.

The scenario analysis identified three
possible future pathways for spatial
resilience in Chabahar. The “Static
Transition” scenario was recognized as the
most probable future, representing gradual
improvements but limited  structural
transformation under existing conditions.
The “Systemic Lock-in” scenario illustrated
a high-risk pathway in which weak
institutional capacity, environmental
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degradation, and persistent  resource
constraints reinforce each other and restrict
future  adaptability.  Conversely, the
“Resilient Integration” scenario represented
the desirable pathway, requiring
coordinated improvements in governance,
water security, environmental management,
spatial ~ connectivity, and livelihood
diversification. Overall, the findings
demonstrate  that  achieving  spatial
resilience in rural settlements requires
integrated and multilevel interventions
rather than isolated sectoral policies. The
transition toward a resilient future depends
on transforming the structural relationships
among key drivers and creating synergies
between  environmental management,
institutional ~ capacity, and  spatial
development.

Conclusion

The results indicated that spatial resilience
in rural Chabahar is shaped by the
interaction of multiple structural factors
rather than by isolated variables. Among
the identified factors, institutional support
and governance, access to water resources,
and environmental conditions emerged as
the most influential drivers affecting the
resilience of rural settlements. The strong
influence of governance highlights the
importance  of  effective institutional
coordination, policy implementation, and
resource  management in  reducing
vulnerability and strengthening adaptive
capacity. In addition, sustainable water
management plays a crucial role in this arid
region, as water availability directly affects
agricultural activities, livelihood stability,
and settlement sustainability.

The analysis also revealed that spatial
connectivity, access to local markets, and
economic diversification function as
linkage variables connecting structural
drivers to socio-economic  outcomes.
Improvements in transportation networks,
market access, and economic opportunities
can help rural communities diversify their
livelihoods and reduce their dependence on
climate-sensitive activities. However, the
findings  suggest that infrastructure
development alone cannot ensure resilience
without effective governance and integrated
planning.

Furthermore, variables such as financial
resources, agricultural livelihoods, and
access to services were identified as
dependent variables that primarily reflect
the outcomes of structural drivers. This
indicates that many socio-economic
challenges in rural areas are closely linked
to institutional capacity, environmental
constraints, and spatial development
patterns.

The scenario analysis presented three
possible future pathways. The “Static
Transition” scenario appears to be the most
probable, characterized by gradual
improvements but continued structural
limitations. The “Systemic Lock-in”
scenario represents a high-risk situation in
which weak governance, severe water
scarcity, and climate pressures reinforce
one another. By contrast, the “Resilient
Integration” scenario represents the most
desirable future, requiring coordinated
improvements in governance capacity,
water management, livelihood
diversification, and spatial connectivity.
Overall, strengthening spatial resilience in
Chabahar requires integrated multi-sectoral
policies  that address institutional,
environmental, economic, and spatial
dimensions  simultaneously. Such an
approach can enhance the adaptive capacity
of rural settlements and support more
sustainable regional planning under future
climate uncertainties and challenges.
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