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The resilience of rural settlements appears as a vital component, which
indicates the ability of the system to maintain structural and functional
stability amidst external disturbances or changes. Strengthening rural
settlements and raising their resilience level is a vital task for the revival of
rural settlements. However, rural settlements in Iran are faced with various
challenges such as environmental degradation, lack of public services,
unemployment, poverty, etc., which are serious obstacles to rural
settlements achieving sustainable rural development. This research was
developed with the aim of analyzing the factors affecting the ecological
resilience of rural settlements. The present research is applied in terms of
type of research and descriptive-analytical nature, library and field data
collection method (questionnaire); Data analysis was performed using
descriptive statistics (mean and frequency distribution) and inferential
statistics using structural equation modeling in the SPSS and PLS software
environments. The statistical population of the present study is households
in South Asterabad, Gorgan County. The number of samples required to
complete the questionnaire was determined as 341 people using the
Cochran formula as the sample size. The findings of this study showed that
the factors of ecological patterns and functions with a path coefficient of
0.299, socio-economic patterns and functions with a path coefficient of
0.377, natural structure with a path coefficient of 0.268, and knowledge and
awareness of village residents with a path coefficient of 0.238 have a
positive and significant effect on the ecological resilience of rural
settlements. Among the identified factors, the factor of social and economic
patterns had the highest impact coefficient, and the factor of knowledge and
awareness had the lowest impact coefficient.
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Extended Abstract

1. Introduction

Rural settlements represent complex systems
integrating social, economic, and
environmental components within a specific
geographical  space.  These  systems
encompass both hard elements, such as living
conditions, infrastructure, facilities, and
public services, and soft elements, including
economic development levels. Ecological
theories posit that human systems and
ecosystems are closely interconnected,
forming a multidimensional, integrated
entity. All natural resources utilized by
humans are deeply embedded within this
complex  system. Consequently, rural
settlements can be viewed as typical
ecological environments characterized by
openness, non-linearity, resilience, and
flexibility.

The wvery attributes that make rural
settlements desirable for human habitation,
such as  architectural  styles and
interdependent infrastructures, also render
them highly vulnerable to natural and
human-made hazards. These hazards, an
inherent part of human life that are
increasing in frequency, pose a fundamental
challenge  to  achieving  sustainable
development in human communities. Among
these attributes, the resilience of rural
settlements emerges as a critical component,
indicating a system's ability to maintain
structural and functional stability amidst
external disturbances or changes. Based on
the concept of resilience and related research
findings, this study defines the resilience of
rural human settlements as a robust and
sustainable capacity to withstand a wide
range of internal and external hazards.
Strengthening  rural  settlements  and
enhancing their resilience level is a vital task
for their revival. However, rural settlements
in Iran face various challenges, including
environmental degradation, lack of public
services, unemployment, and poverty, which
are serious obstacles to achieving sustainable
rural development. Natural disasters such as
storms, earthquakes, biological invasions,
major droughts, and severe floods have a

high potential to alter the core structure and
function of vulnerable social and ecological
systems in rural settlements. The Southern
Astarabad district of Gorgan County,
frequently exposed to various crises like
floods, landslides, proximity to faults, and
land subsidence, is one such vulnerable area.
Therefore, understanding and identifying
factors influencing the ecological resilience
of rural settlements can provide a foundation
for effective planning towards resilience and
sustainable rural development. This research
was formulated to test the following
hypotheses:

H1: Ecological patterns and functions
positively affect the ecological resilience of
rural settlements.

H2: Socio-economic patterns and functions
positively affect the ecological resilience of
rural settlements.

H3: Natural structure positively affects the
ecological resilience of rural settlements.

H4: Knowledge and awareness positively
affect the ecological resilience of rural
settlements.

2. Methodology

This applied research adopts a descriptive-
analytical approach. Data collection methods
included both library research and field
surveys (questionnaire). The statistical
population consisted of households in the
Southern Astarabad District of Gorgan
County. Based on the 2016 census, this
district comprises 16 villages with a total
population of 29,216. Considering the
financial and time constraints of surveying
all 16 villages, four villages—Maryam Abad,
Tuskestan, Ziyarat, and Do Dangeh—were
selected as the study sample due to their
larger populations relative to others in the
district.

The required sample size was determined to
be 341 individuals using Cochran's formula.
Questionnaires were distributed equally
among the four selected villages (approx. 85
per village). The questionnaire was
researcher-developed, and its validity was
confirmed through formal and apparent
validity checks by seeking opinions from
professors and experts. Reliability was
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assessed using Cronbach's alpha and
Composite Reliability (CR) coefficients.
Values above 0.7 for both indices confirmed
the questionnaire's appropriate reliability.
Data analysis was performed using
descriptive statistics and Structural Equation
Modeling (SEM) with the Smart-PLS
software.

3. Results and Discussion
The measurement model was assessed for
reliability, ~ convergent  validity, and
discriminant validity. All factor loadings
exceeded the threshold of 0.4, confirming
indicator reliability. Cronbach's alpha and
Composite Reliability (CR) values for all
constructs were above 0.7, indicating
satisfactory  internal  consistency. The
Average Variance Extracted (AVE) for all
constructs  exceeded 0.5, confirming
convergent validity, meaning each latent
variable explained more than half of the
variance of its indicators on average.
Discriminant validity was established using
the Fornell-Larcker criterion, as the square
root of the AVE for each construct was
greater than its correlations with other
constructs.
The structural model was then evaluated. The
coefficient of determination (R?) for the
endogenous variable (ecological resilience)
was 0.563, indicating a moderate to strong
explanatory power of the model according to
Chin's  (1998) criteria. The predictive
relevance of the model was assessed using
the Stone-Geisser's Q2 value (obtained
through the blindfolding procedure). A Q?
value greater than zero for the endogenous
construct suggests the model has predictive
relevance. The Q2 value for ecological
resilience was 0.567, indicating strong
predictive relevance. The Goodness-of-Fit
(GOF) index, which assesses the overall
model fit, was calculated as 0.673, signifying
a strong fit for the overall model (values
above 0.36 are considered strong).
The path coefficients and their significance
were examined to test the hypotheses:

-H1: Ecological patterns and functions had
a significant positive effect on ecological
resilience (B = 0.299, T-statistic = 11.434 >

1.96). This factor explained approximately
8.9% of the variance in ecological resilience.

-H2:  Socio-economic  patterns  and
functions had the most substantial significant
positive effect on ecological resilience (B =
0.377, T-statistic = 14.416 > 1.96). This was
the most influential factor, explaining about
14.2% of the variance.

-H3: Natural structure had a significant
positive effect on ecological resilience (f =
0.268, T-statistic = 10.224 > 1.96). This
factor explained approximately 7.1% of the
variance.

- H4: Knowledge and awareness had a
significant positive effect on ecological
resilience (p = 0.238, T-statistic = 10.472 >
1.96). This was the least influential factor
among the four, explaining about 5.6% of the
variance.
All four hypothesized paths were positive
and statistically significant, confirming that
ecological patterns/functions, socio-
economic patterns/functions, natural
structure, and knowledge/awareness all
contribute positively to the ecological
resilience of rural settlements in the study
area.

4. Conclusion

This study successfully identified and
measured key factors influencing the
ecological resilience of rural settlements in
Southern Astarabad. The findings underscore
the multifaceted nature of resilience,
encompassing ecological, socio-economic,
physical-natural, and human-capital
dimensions. The strongest influence from
socio-economic factors highlights the critical
role of livelihood security, social cohesion,
economic  diversity, and community
engagement  in building resilience.
Ecological functions and the preservation of
the natural structure are fundamental for
maintaining the environmental services and
buffers necessary for resilience. Furthermore,
the significance of knowledge and awareness
points to the importance of education,
information sharing, and capacity building
within communities.
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Based on the results, the following
recommendations are proposed to enhance
the ecological resilience of rural settlements:

Promote sustainable agricultural
practices (e.g., organic farming, crop
diversification).

Implement sustainable water resource
management and rainwater harvesting
systems.

Protect  biodiversity  and local
ecosystems through designated
conservation areas.

Conduct educational workshops and
awareness campaigns on environmental
management and resilience.

— Develop green infrastructure compatible
with the local environment.

— Strengthen local social networks and
cooperative institutions for resource and
knowledge sharing.

— Support local community-led projects
that improve livelihoods and
environmental conditions.

— Foster sustainable tourism that preserves
local culture and environment while
generating income.

Implementing  these  multi-dimensional
strategies can significantly contribute to
enhancing the ecological resilience of rural
settlements, aiding their recovery from
disturbances and supporting their long-term
sustainable development.
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