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ABSTRACT

Article type: Earthquakes rank among the most frequent natural hazards in
Research Article both Iran and worldwide, inflicting substantial human and
economic losses each year. Accordingly, assessing seismic
vulnerability and identifying strategies to reduce it constitute
pressing research priorities. Against this backdrop, the present
study evaluates the earthquake vulnerability of Nir County in
Ardabil Province. To achieve this objective, nine criteria were
considered as independent variables: slope, elevation (DEM),

Article History: geology, land use, distance from seismic sources, distance from

Received: roads, distance from population centers, distance from rivers,
é 232685025 and distance from faults. Digital layers for these factors were
1 September 2025 first prepared. The criterion maps were stanc?ardized_ using the
Accepted: fuzzy membership function, and their relative weights were
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determined through the CRITIC method. Subsequently, the

ARAS multi-criteria decision-making method was applied to
generate a Vvulnerability zoning map classified into five
categories. The results indicate that distance from faults
(weight=0.131), distance from earthquake epicenters (0.123),
and land use (0.110) were the most influential factors. The
analysis further revealed that 365.74 km? and 365.87 km? of the
county’s area fall within the very high and high vulnerability
classes, respectively. Given the considerable extent of vulnerable
zones, relevant authorities must adopt coordinated, expert-led
protective measures and integrate them into their planning
Keywords: agendas. Furthermore, the ROC curve analysis yielded an area
Vulnerability Zoning, under the curve (AUC) value of 0.81, confirming the strong
Earthquake Hazard, predictive accuracy of the ARAS method in identifying and

Nir County, ] . .
Multi-Criteria Analysis. zoning earthquake-prone areas in Nir County.
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Extended Abstract

Introduction

Natural hazards are among the leading
causes of damage to human settlements,
with earthquakes representing the most
devastating of these phenomena. The
impacts of earthquakes range from minor
disturbances to severe consequences for
communities,  economies, and the
environment across wide geographic areas.
In this context, developing vulnerability
zoning maps offers an effective means of
identifying settlements that are most
exposed to seismic risk.

Accordingly, this study applies the ARAS
multi-criteria decision-making algorithm to
assess the wvulnerability of settlements in
Nir County to earthquake risk. By
integrating spatial and descriptive data, the
analysis provides an evidence-based
estimate of seismic risk, clarifies the
relative influence of each criterion on
vulnerability levels, and identifies priority
zones. These insights support the design of
targeted  interventions, the  optimal
allocation of resources, and the formulation
of sustainable land management strategies.

Methodology

This study is applied in nature and employs
a quantitative-analytical research approach.
First, factors influencing earthquake risk in
the study area were identified. These
included slope, elevation, geology, land
use, distance from the epicenters of past
earthquakes, distance from transportation
routes, distance from population centers
(cities and villages), distance from rivers,
and distance from faults.  Factor
identification was based on documentary
and library research, a review of relevant
literature, expert consultations, and an
assessment of the region’s natural and
human characteristics.

Next, spatial data layers corresponding to
each factor were created within a
Geographic Information System (GIS)
environment. The ARAS multi-criteria
decision-making method was then applied
within the GIS environment to delineate the
earthquake wvulnerability zones in Nir
County. Finally, the wvulnerability zoning
map of Nir County was validated using the
area under the curve (AUC) metric of the

Receiver Operating Characteristic (ROC)
system, one of the most effective and
widely used methods for quantitatively
assessing model accuracy. The validation
was conducted by comparing the predicted
vulnerability zones with the epicenters of
historical earthquakes.

Results and discussion

Comparison of elevation with the final
vulnerability map indicates that highly
vulnerable areas are distributed across
altitudes above 2000 meters. Slope
distribution is a critical topographic
parameter, with steeper slopes generally
associated  with  higher  earthquake
vulnerability. In Nir County, slope values
range from O to 80 percent, with highly
vulnerable areas predominantly occurring
in slope classes of 15 to 40 percent.
Regarding land use, residential zones,
agricultural lands, and medium-density
pastures comprise the largest share of areas
classified as highly or wvery highly
vulnerable. Earthquakes are recognized as a
primary natural hazard contributing to the
destruction of both urban and rural
settlements. Transportation arteries, such as
streets and thoroughfares, play a crucial
role in communication and evacuation
during disasters. Limited access to main
roads increases potential loss of life by
hindering emergency response and relief
efforts. In Nir County, distances to main
roads range from 0 to 10,000 meters. While
some vulnerable areas are situated near
main roads, zones with high vulnerability
are predominantly located at intermediate
distances of 1,000 to 5,000 meters.
Globally, settlements have historically
developed near water sources, which
support  sustained population  density.
However, excessive proximity to water
bodies and construction in riverbeds can
exacerbate casualties and property damage
during natural disasters. Distances from
rivers in Nir County range from 0 to 11,000
meters. The major rivers include Baliglo-
Chay, Nir-Chay (Ag-Laghan-Chay), Qori-
Chay, Buyuk-Chay, Kamal-Chay, and
Jurab-Chay. Analysis of river proximity
indicates that highly vulnerable areas are
located within 0-800 meters of rivers,
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coinciding with areas of higher population
density in nearby settlements.

According to the seismic hotspot index, the
intensity of wvulnerability decreases with
increasing distance from the earthquake
epicenter, as areas within 2,000 meters of
the epicenter are more susceptible to
seismic energy. Geological characteristics
are a key determinant of earthquake
damage. Looser geological formations
amplify seismic wave propagation, whereas
more consolidated or harder formations
attenuate wave transmission, reducing the
destructive potential of earthquakes.

Conclusion

The results of this study indicate that
distance from the earthquake epicenter,
land use, geological formation, and distance
from faults are the most influential factors
determining earthquake vulnerability in the
study area. The analysis further revealed
that 365.74 km? and 365.87 km? of the
county’s area fall within the very high and
high vulnerability classes, respectively.
Given the extensive areas of high and very
high vulnerability in Nir County and the
potentially severe human and economic
losses from earthquakes, it is imperative to
implement comprehensive risk-reduction
measures. These include preparing detailed
hazard maps and risk assessments,
restricting settlements and construction on
faults, wverifying fault boundary maps,
regulating and retrofitting buildings in
unsafe zones, controlling population density
and settlement patterns in high-risk areas,
strengthening both rural and urban
infrastructure, and promoting  public
awareness and preparedness before and
during seismic events. Such measures are
essential to enhance the county’s disaster
risk management and resilience and require
coordination among responsible
organizations, including the Ardabil
Governorate, the General Directorate of
Crisis Management, the General Directorate
of Roads and Urban Development, the
Islamic Revolution Housing Foundation,
and local municipalities.
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