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Objective: This study uses the Landslide Nominal Risk Factor (LNRF) model within a
Geographic Information System (GIS) framework to investigate the factors influencing
landslide occurrence and provide a spatial analysis of rural settlements. The study area is
located in the southern part of Hamadan Province, within Nahavand County. Geologically,
it lies across the Sanandaj—Sirjan and Zagros imbricated zones.

Method: The research began with field surveys and a review of library and documentary
sources to identify landslide events in the region. A total of 42 landslides were documented
and analysed. Subsequently, maps of environmental factors, including lithology, climate,
tectonic structures, slope, slope aspect and land use, were prepared. Each factor was
overlain with the distribution of documented landslides to assess the relationship between
environmental conditions and landslide occurrence. To zonate the landslide hazard, the
LNRF model was employed, integrating six key environmental factors: lithology, land use,
rainfall, distance from major tectonic faults, slope and slope aspect. The hazard map was
then classified into three categories: low, moderate and high risk.

Results: The 42 identified landslides were used to validate the model by calculating the
nominal risk factor for each parameter. The resulting hazard map showed that around 24%
of the study area was in the high-risk zone. Within this zone, 34 rural settlements are
directly exposed to landslide hazards. The high-risk areas are primarily concentrated on the
northern slopes of Garin Mountain. These slopes are characterised by gradients of 15-30
per cent, unconsolidated and landslide-prone surface deposits (mainly clay), proximity to
springs and drainage networks, and closeness to structural features such as faults. These
factors collectively increase the terrain's susceptibility to slope failure.

Conclusions: The results indicate a strong correlation between the locations of past
landslide events and the high-potential zones on the hazard map. This confirms the
effectiveness of the LNRF model in landslide susceptibility assessment when applied
within a GIS framework. Furthermore, the findings emphasise the vulnerability of rural
settlements located in hazardous areas, highlighting the importance of land use planning
and risk management strategies to mitigate potential losses.
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Introduction
This study investigates the factors influencing landslide occurrence and conducts a spatial

analysis of rural settlements using the Landslide Nominal Risk Factor (LNRF) model within a
Geographic Information System (GIS) framework. The study area is located in the southern
part of Hamadan Province, within Nahavand County, and lies geologically within the
Sanandaj—Sirjan and Zagros thrust zones.

Firstly, historical landslide events in Nahavand County were examined through field
surveys and a review of library and archival sources. This resulted in the identification and
analysis of 42 landslides. Subsequently, environmental factor maps were prepared, including
those for lithology, climate, tectonics, slope gradient, slope aspect and land use. Each
environmental factor was then overlaid with the identified landslides and a spatial analysis
was conducted to evaluate the relationship between these factors and landslide occurrences.

To create a landslide hazard zonation map, the LNRF model was applied in GIS,
integrating six key environmental variables: lithology, land use, rainfall, proximity to major
tectonic faults, slope gradient and slope aspect. This generated a landslide hazard zonation
map, classifying the area into three hazard levels: low, moderate, and high The 42 identified
landslides were evaluated using an index called the Landslide Nominal Risk Factor (LNRF).
This index was calculated for each contributing factor and was used for zonation purposes.

The model results indicate that 24% of the study area and 34 rural settlements fall within
the high-risk zone. These are primarily located on the northern slopes of Garin Mountain.
This area is characterised by slopes ranging from 15% to 30%, landslide-prone surface
sediments (mainly clay) and proximity to springs, drainage networks and structural features
and faults. The findings also confirm that areas identified as high-risk on the hazard zonation
map correspond well with the locations of actual landslide occurrences.

This study examines the factors influencing landslide occurrence and conducts a spatial
analysis of rural settlements using the LNRF model within a GIS framework. The study area
is located in the southern part of Hamadan Province, within Nahavand County, and lies
geologically within the Sanandaj—Sirjan and Zagros Thrust Zones.

Initially, historical landslide events in the region were identified and analysed based on
field surveys and a review of library and documentary sources. This resulted in the
recognition of 42 landslide incidents. Subsequently, environmental factor maps were
prepared, including those showing lithology, climate, tectonics, slope gradient, slope aspect
and land use. These factors were then overlaid with landslide locations and their spatial
relationships analysed.

A landslide hazard zonation map was then produced using the LNRF model and GIS,
integrating six key environmental variables: lithology, land use, rainfall, distance from major
tectonic faults, slope gradient and slope aspect. The resulting hazard zonation map categorised
the area into three risk levels: low, moderate and high. The identified landslides were
evaluated using the LNRF index, which was calculated for each contributing factor.
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The results show that around 24 per cent of the study area and 34 rural settlements are in
the high-risk zone, mainly on the northern slopes of Garin Mountain. These areas are
characterised by slopes ranging from 15% to 30%, sensitive surface sediments (mainly clay),
proximity to springs and drainage paths, and closeness to structural features and faults. The
findings also show a strong correspondence between the zones with the highest potential for
landslides on the hazard map and the actual locations of observed landslides.

Method
This research adopts an analytical-descriptive and technical approach to assess landslide

susceptibility using the Landslide Nominal Risk Factor (LNRF) model within a Geographic
Information System (GIS). The study area in Nahavand County was zoned based on selected
environmental factors, and the vulnerability of rural settlements was evaluated through spatial
overlay analysis and supplementary field surveys.

Multiple environmental datasets, including geological maps, slope and aspect information,
land use, rainfall data, satellite imagery, aerial photographs and field observations, were
compiled and analysed. Key factors such as lithology, distance from faults, slope gradient and
slope aspect were examined in relation to the spatial distribution of recorded landslides using
ArcGIS, allowing the identification of areas prone to slope instability.

The LNRF model (Gupta and Joshi) provides a statistical framework to quantify the
relationship between landslide occurrence and individual environmental factors. LNRF values
were calculated for each factor and classified into three hazard classes: low, moderate and
high. Values greater than one indicate higher-than-average landslide susceptibility, while
values less than one represent relatively stable conditions. Integrating these values within the
GIS environment enabled the production of a landslide hazard zonation map.

For final hazard mapping, the LNRF classes were assigned weights and combined through
a grid-based overlay technique. Weighted layers of all environmental factors were summed to
calculate cumulative hazard values for each grid cell. Areas with higher cumulative weights
represent zones of greater landslide susceptibility, providing a clear basis for identifying high-
risk rural settlements and supporting land-use planning, risk mitigation and disaster
management strategies.

Results
According to the findings, 24 per cent of the study area and 34 rural settlements are located in

high-risk zones. These areas are primarily concentrated on the northern slopes of Garin
Mountain and are characterised by slopes ranging between 15% and 30%, highly sensitive
surface sediments (mainly clay), proximity to springs and drainage networks, and closeness to
structural features and faults.

Conclusions
The results indicate that the zones with the highest potential for landslides on the landslide

hazard map align closely with the actual locations of past landslide events. Amongst the
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geological formations, undivided conglomerates interbedded with marl layers are more
susceptible to landslides than other formations in the region. Furthermore, areas located less
than 100 metres from tectonic structures, slopes with an incline of between 12% and 30%, and
north-facing slopes are more unstable and at a higher risk of landslides.
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