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Article Info Abstract

Land-use change is one of the fundamental challenges in natural resource management,
influenced by a combination of social, economic, environmental, and policy factors. In
many regions, particularly in mountainous and ecologically sensitive areas, such changes
have led to the reduction of agricultural lands and rangelands, while increasing built-up
and urban areas. In the Taleghan watershed, pressures arising from population growth,
tourism development, climate change, and improper resource exploitation have threatened
the balance of socio-ecological systems and posed challenges to the region’s economic
and environmental sustainability. This study aims to assess the impacts of land-use change
on ecosystem services and the resilience of socio-ecological systems, using economic
valuation methods for ecosystem services. The results indicate that land-use change has
weakened environmental services and reduced community resilience to shocks and
hazards. Scenario analysis conducted through MICMAC and Scenario Wizard software
demonstrates that adopting sustainable land management policies, strengthening local
community participation, and implementing ecosystem restoration programs can play a
crucial role in enhancing resilience and sustainability in the region. Ultimately, the
findings of this research can serve as a scientific basis for managerial decision-making and
sustainable development planning in similar areas, emphasizing the importance of
integrated approaches in land-use and natural resource management.
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Extended Abstract

Introduction

Resilience is one of the key concepts in
sustainability science, serving as a bridge
between  social-ecological  systems and
highlighting their capacity to anticipate, absorb,
adapt to, and transform in response to changes
and shocks. The origins of this concept can be
traced back to Holling (1973), while
contemporary studies emphasize complex
systems, thresholds, and the presence of multiple
stable states. The main challenge in assessing
resilience lies in the limitations of conventional
methods in  capturing the intricate
interrelationships among system components.
The Cross-Impact Analysis (MICMAC) method,
with its systemic and futures-oriented
perspective, provides an effective means of
identifying key variables and causal
relationships. This study integrates a literature
review, cross-impact analysis, and foresight to
identify and analyze social, cultural, economic,
and ecological indicators tailored to local
conditions, and employs the findings to
formulate development scenarios and policies.
The results offer a locally adapted framework
and a strategic tool for regional institutions to
strengthen resilience and reduce vulnerability.

Methodology

The research data were collected in two parts.
The first part consisted of library studies,
including articles, books, national and regional
plans, and reputable online sources, which were
used to develop the theoretical framework and
identify variables and indicators related to the
resilience of the socio—ecological system. The
second part comprised field data, obtained
through  questionnaires  distributed among
experts and specialists in natural resources in
Alborz Province.

In the cross-impact analysis stage, it is essential
to identify relevant events and eliminate
unrelated factors in order to avoid unnecessary
complexity. For n events, the number of possible
interactions is given by n x (n — 1), and as the
number of events increases, the volume of
analysis grows rapidly. After identifying the
events, the next step is to estimate the initial
probability of occurrence for each event—
assuming that other events have not yet
occurred—providing the foundation for further
analysis.

In this study, 18 variables were identified and
entered into the MICMAC software. An 18x18
cross-impact matrix was then constructed, in
which experts evaluated the degree of influence
and dependence of each variable on a scale from
0 to 3. The data were analyzed in MICMAC to
determine the direct and indirect influence and
dependence of each factor. Based on the results,
key driving forces were identified, and scenarios
were developed ranging from the most favorable
to the least favorable situation for the 18 factors.
The final matrices indicated the level of
influence (row sums) and dependence (column
sums) for each factor.

Results and discussion

After completing the questionnaires, the data
were entered into the MICMAC software and the
Matrix of Direct Influences (MDI) was
generated. The results indicated that the matrix
stability index, after two iterations, was 43%,
meaning that 43% of the variables exerted
mutual influence. In the rotation analysis, the
level of influence increased from 96% to 98%,
while dependence rose from 94% to 100%. The
analysis chart classified the variables into four
main groups: action variables (highest influence
and highest dependence), relay variables
(highest influence and lowest dependence),
reaction variables (highest dependence and
lowest influence), and passive variables (lowest
influence and lowest dependence). In terms of
influence and dependence ranking, improving
the business environment had the highest
influence, while financing resilience—directly
related to business environment improvement—
showed the highest dependence. Other key
dependent priorities included diversifying
income sources, strengthening financial capital,
and enhancing the skills of local communities.
Overall, the MICMAC analysis revealed the
interrelationships ~ among  variables  and
categorized them into  five  broader
classifications:  influential ~ variables (low
dependence, high influence) as root drivers of the
system, often external or environmental; dual or
risk variables (highly influential and highly
dependent) as triggers of systemic instability;
target variables (high dependence) representing
final outcomes, such as “financing resilience”;
independent variables (low connectivity) with
limited links to others; and regulatory variables
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(intermediary) that play supporting or
moderating roles in the system.

Conclusion

In this study, the Cross-Impact Analysis
(MICMAC) method, combined with a
theoretical literature review, was employed to
identify and analyze the variables and indicators
influencing the resilience of the social-
ecological system. A direct impact matrix was
constructed based on questionnaire data,
evaluating 142 key relationships. The results
revealed that indicators such as local community
skills, gender equality, reliance on indigenous
knowledge, quality media content, adherence to
customary  systems, improved learning
conditions, and cooperation exerted the greatest
influence. Key and strategic variables included
improving the rural business environment,
enhancing local community skills, diversifying
income sources, ensuring the continuity of
agriculture and livestock activities, and securing
financing in the field of resilience. These
variables are closely tied to public participation
and self-organization, thereby contributing to
adaptive capacity, social justice, and cultural
cohesion. Foresight analysis further confirmed
that improving the business environment,
strengthening skills, and diversifying income
serve as driving forces for resilience, while
financing represents a vital dual-natured factor
that can significantly enhance resilience if
effectively managed. In addition, climate change
adaptation, cultural heritage preservation, and
regulatory variables such as strengthening
financial capital and improving learning
conditions play a supportive role in sustaining
the system. Together, these variables provide a
robust foundation for designing scenarios and
strategies aimed at strengthening resilience
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1. MICMAC (cross-impact matrix multiplication applied to classification)
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