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Extended Abstract

1- Introduction

Snow avalanches threaten towns and roads in steep mountainous regions (Gruber and Bartelt, 2007). The
occurrence of avalanches is caused by environmental conditions, including snow bed, the severity, and
direction of the wind, new snow fallen, the non-attachment of new snow crystals to old snow, snow melted
across the day, suitable slope, etc., which together with other factors, could cause severe avalanches (Mott et
al, 2010). Studies conducted on avalanches in Iran are very limited (Heydari et al, 2015). Past literature
suggests that in all cases, slope, the hillside direction, and height are the most important factors affecting the
occurrence of avalanches.

The Haraz mountainous road is one of the main link axes of the northern country, which is prone to avalanches
due to its specific morphological conditions. The occurrence of avalanches since the establishment of this
road up to now has caused a large number of material damage, even claiming some lives over the years
(Ghanavati and Karimi, 2009). For this, the goal of this present study was to understand the factors affecting
the cause of avalanches and prioritize those factors and compare the efficiency of the Shannon Entropy and
LNRF models to achieve more accurate avalanche hazard zoning maps of the Haraz Road.

2- Methodology

The area under study is located in the province of Mazandaran, Iran, and is part of the access road of Haraz,
which begins from Poldokhtar in the southwest and extends down to the proximity of the Vana village in its
northeast. This area covers an area of 10942 hectares on the geographical location of 35°48'05” to 35°55'49”
north latitude and 52°00’ 38" to 52°16'57" east longitude.

This study used Shannon entropy and LNRF models to zone avalanche hazards on the Haraz Road from
Poldokhtar to Vana, and to determine the most important effective factors. The input data included the points
ece ee aalll es ee eekklen rrmmwwwwaaccccee aeeas (eee *>’’7° ° eeeceeett aaaamee) add ppp gggg ggg
aacssss afeeciigg eeece a_eas (hle *’”*” s independent variables). At first, satellite images on Google Earth
software were used to pinpoint the areas with the largest amount of snowfall, and also several avalanche-
prone points. Then, to complete the data and better identify the avalanche-prone areas, field observations were
made, as the situation of avalanches was recorded using the GIS device. Also, the existing data sources,
including data from the General Department of Road and Urbanization of Mazandaran Province and
avalanche protectors were used. Upon preparing the avalanche scattering map, the digital elevation model
(DEM) with a resolution power of 30 m (the USGS site) was used to provide elevation layers, slope, hillside
direction, and the hillside curve. To determine the surfaces covered with snow, Landsat satellite images (2015
to 2019) on the Google Earth Engine were used. Here, the snow surface index or NDSI was used to determine
the snow-covered surfaces. As well, to provide ground land use and Landcover map, the Google Earth Engine
system was used which is a new product of Sentinel satellite images, a subset of the Copernicus Global
Service! ImageCollection (CGLS).

In the next stage, maps of the affecting criteria and factors were crossed with the avalanche scattering map in
the GIS environment, and the level of avalanches for any of the classes of the criteria was determined. Then,
using Equation (1), the LNRF coefficient of each of the classes was calculated, where A is the area of
avalanches that occurred in a unit of the map and E is the average avalanches that occurred in all units of a
map. If this coefficient is less than 0.67, the weight of the class is zero and its hazard is low; on the other hand,
if the LNRF coefficient ranges from 0.67 to 1.33, the weight of the class is 1 or medium, while the coefficient
of over 1.33 has a class weight of 2 with a high hazard (Gupta and Joshi, 1990).

LNRF _4 1
=2 M

1- ee. ImageCollection("COPERNICUS/Landcover/100m/Proba-V-C3/Global ™)
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This study used the Shannon entropy model to weigh the factors and to zone the avalanches occurrence hazard
in the region. To implement this model, all the criteria and factors, mentioned in the previous model, were
used as inputs to the model with a similar geographical coordinates system, and the decision-making matrix
(xij) was created. This matrix was then normalized and the weight of the criterion (Wj) was finally determined,
which was calculated by dividing dj (uncertainty) by the sum of the djs (Asgarpour, 2009).

dj

L dj @
The resulting weights in this model were used as a context for all the affecting criteria, which produced the
avalanches hazard zoning map of the region. There are various methods to evaluate the models, and this study
used the empirical probability index of P.

wj =

3- Results and Discussion

The goal of this study was to determine the most important factors affecting the occurrence of avalanches and
to provide hazard zoning on the Haraz Road from Poldokhtar to Vana using the Shannon entropy and LNRF
models. To this aim, such criteria as snow cover, height, slope, hillside direction, hillside curve, land use, and
distance from the road were used. The results of the most important factors affecting the occurrence of
avalanches in the studied region using the Shannon entropy model suggested that hillside direction, land use,
distance from the road, and snow cover held the highest importance at 0.541, 0.143, 0.129, and 0.083,
respectively.

A study of the avalanches hazards on the hillside direction indicated that high-risk zones were situated on the
northeastern and northern angles of the region. According to the findings by Samani et al. (2011), the factor
of slope direction, led by slope and height factors, contributed most to the occurrence of avalanches due to its
effects on the amount of solar heat absorption and the melting of snow layers, with vegetation coming in the
next rank. A study of the land use of the studied area in the Haarz Valley indicated that avalanche hazards
were higher due to the mountainous region and the lack of soil thickness in weaker pasters. Scoring avalanche
passageways, Ahmadi and Nasri (2007) gave the highest priority to the topography and soil surface, and
vegetation conditions. In the facies of stone and rock outcrop, the snow cover is not so thick, because dark
stones melt the snow by absorbing the heat. Unless short bushes are buried under the snow, they may cause
the snow to attach to the hillside and reduce the probability of avalanches. However, as soon as it is covered
with snow, the avalanche risk increases rapidly. Also, Arman and Salajegheh’s study (2007) concluded that
at the height of 3500 m of the basin, if the snow height reaches over 25 cm, ball-shaped avalanches occur due
to the sloped hillsides and the force of the snow weight. Finally, using the weights obtained for each of the
affecting criteria and factors, avalanches hazard zoning was mapped by using the Shannon entropy and LNRF
models.

4- Conclusions

This study investigated the variables and factors affecting the occurrence of avalanches on the Haraz Road
from Poldokhtar to Vana, including snow cover, height, slope, hillside direction, land use, and distance from
the road. Then, the LNRF model was used to provide the avalanche hazard zoning in the region. Also, the
Shannon entropy model was used to determine the importance of each of the variables and to zone the
avalanche hazards. The findings revealed that the variables of hillside direction, vegetation, land use, and
snow cover were respectively more effective in the occurrence of avalanches. As the importance of each of
the variables was determined, the layers required were prepared, and the overlap of the layers based on the
weights of each layer produced an avalanche hazard zoning map in the region. Avalanche hazards zoning
maps of the region indicated that the highest hazards pertained to the highlands of 2100-2700 m and the slope
of 30-60° in the northern and northeastern directions. To evaluate the models, the location of avalanches, not
used to model and map the zoning, were applied. Meanwhile, matching them with the prepared zoning maps
yielded the empirical probability (P) of 94% for the LNRF model, and 97% for the Shannon entropy model,
suggesting the avalanches hazard zoning models for the region under study were appropriate. According to
the avalanches hazard zoning map using the Shannon entropy model, which was more acceptable, around
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15% of the region’s area over the road path from Poldokhtar to Vana was subjected to the highly hazardous
zones.
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Table (1): LNRF coefficient and weight of each class of factors affecting the occurrence of avalanches in the area
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Fig (4): Maps of avalanche risk factors and criteria in the area
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Fig (5): Map of avalanche risk zoning in the area using LNRF model
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Table (2): Quantified Entropy matrix of factors affecting the occurrence of avalanches (xij)
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Table (3): Normal matrix of factors affecting the occurrence of avalanches (pij)
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Table (4): Entropy index, degree of deviation and weight of criteria and factors affecting the occurrence of

avalanches
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Fig (6): Avalanche hazard zoning map in the area Using Shannon Entropy Model
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