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Abstract
Natural hazards are a part of critical issues affecting people and the environment. One of these
natural hazards is snow avalanches. With the increase in the world population, it has emerged
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GIS that decision-makers should take precautions against such natural hazards for population
Spatial analysis movements, construction, transportation, and tourism. Essential solution parts of this
Rize problem lay behind surveying, GIS, and spatial analysis-planning. This situation will be
primarily due to the snow conditions, but certain terrain areas are susceptible. Snow
avalanches' release mechanism depends on many factors, such as terrain, meteorological
Research Article

reports, snowpack, and other triggering parameters. Areas with certain topographical
features that allow the deposition of snow masses are called avalanche-release areas. GIS helps
to make decisions concerning spatial planning within avalanche release areas and finding
risky zones. This study aimed to determine the potential avalanche release areas in the GIS
environment in Rize, Tiirkiye, which was chosen as the pilot region. In the study, the detection
of these avalanche areas was estimated using a mathematical equation model proposed by
Hresko (1998) and determined with the help of GIS. Factors such as elevation, curvature,
aspect, slope, and land cover type were used to estimate avalanche risk areas. A Model Builder
workflow has also been created to automate the process stages. As a result of the study,
avalanche risk areas were determined and mapped for the Rize mountainous region.
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1. Introduction have become necessary to take preventive measures

against avalanche events.

Natural disasters are among the critical problems that
the world faces and affect people and the environment.
One of the most important of these is snow avalanches,
one of the natural disasters of meteorological character.
Avalanches begin when weak layers of snow release the
weight of the more stable snowpack above them, and
then the snowpack continues to move downhill,
accelerating and collecting more snow [1]. These appear
as rapid mass movements controlled by weather
conditions, snow cover, and topography of the land [2-4].
Avalanches usually occur in mountainous areas, affecting
transportation corridors, ski areas, and buildings,
disrupting infrastructure, and causing loss of lives.
Today, it is experiencing precarious environmental
conditions condemning deterioration and causing great
harm to people and human-made features, leading to
different adverse effects [5]. As a result of these
worsening effects, hazard and risk assessment studies
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Determination of the potential avalanche release area
is the first step in avalanche hazard and risk assessment
and mapping. The formation of snow avalanches depends
on many different parameters. These parameters can be
classified into three groups: terrain parameters such as
slope, curvature, roughness, and vegetation;
meteorological parameters like wind, temperature,
amount of snow, and air humidity; snowpack parameters
such as weak layers and gain forms [6-8]. In addition,
there is the triggering of the avalanche, which can be
initiated by additional loading caused by humans
naturally by fresh snow or by abrupt warming [6, 7].

GIS has been widely adopted in many fields with the
advance of computers, geoinformatics, and their
applications [9,10] within natural hazards zoning [11-
14]. One of them is the studies in which snow avalanches
are detected. GIS helps to make decisions concerning
spatial planning within avalanche release areas and
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finding risky zones. Terrain models [15] and GIS have
been used to estimate the probable avalanche release
zones [16-17], model avalanche run-outs [18-19], or
assess the protective function of the forest against
avalanches [20-22].

Information about snow avalanches, predictions, and
mapping of the danger they pose is very important from
a scientific point of view [23-24]. Currently, avalanche,
snowmelt, and landslide studies are addressed in many
studies around the world; Many methods and techniques
have been proposed and tried to be put into practice,
especially for landslide hazard and risk mapping. Apart
from these, there are also studies in which snow
avalanche risk zones are detected and integrated with
GIS, which is one of the favorites of information systems.
In addition, there are analyses in which snow avalanche
risk areas are determined using GIS and Multi-criteria
decision analysis together. There are also analyses in
which snow avalanche risk areas are detected using
remote sensing. Potential snow avalanches are
determined using machine learning methods that have
become popular recently. The literature summary is
shown in Table 1.

Modeling is one of the main tools for assessing natural
hazards [55]. Modeling techniques are divided into two
groups: deterministic and stochastic models. Physical or
mathematical models are deterministic models, while
models that include an analytic hierarchy process, such
as fuzzy logic, are stochastic. In this study, a
mathematical model was wused to assess snow
avalanches. In the literature, different mathematical
algorithms are used to model potential snow avalanches
and generate risk maps with GIS. Some of these methods
were developed by Hresko [16], Barbolini [47], Biihler
[7], and Marana [5] at different times. Hresko’s [16]
model approach was based on terrain factors. This model
is developed to identify potential snow avalanche areas.
Marana [5] has developed and suggested an avalanche
risk model for determining risky areas. His model

Avalanche Risk = Risk Height x (Risk Slope + Risk Aspect + Risk Land - Use)

Based on digital elevation models, Biihler’s [7] model
was about the automated identification of potential snow
avalanche release areas. This model is partly based on
the work of Maggioni [56] but has been improved so it
can be used on DEM datasets with higher resolutions.
The terrain parameters must be defined to identify the
potential snow avalanche release areas with this model.
Barbolini’s [47] model was about avalanche hazard
mapping over large undocumented areas [8].

In this investigation, HreSko's equation model was
implemented and used to automate avalanche release
area mapping in GIS [16]. The reason for this is that it is
the most appropriate method to detect snow avalanche
areas in the region and also because no study based on
this method has been carried out before in our country.
The study focused on land parameters; because they can
be obtained from digital elevation models (DEMs) and do
not change as rapidly as meteorological and snow cover
parameters [7]. Terrain can affect areas that are more or
less susceptible to avalanches, while terrain parameters
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included height, slope, aspect, and land use data, and his
model (Equation 1):

Table 1. Literature summary.

Reference Study Region Analysis method

[25] -

[26] Croatia

[27] Western United States

E g} Can_ada lands_lide hazgrd and

[30] Global risk mapping

[31] Austria

[32] -

[33] Kazakhstan

[7] India

[14] Western Himalaya

[17] Switzerland

[34] Italy

[35] -

[36] Iran

[37] Switzerland

[38] Switzerland

[39] Switzerland snow avalanche risk

[40] Slovakia zone mapping with

[41] Tiirkiye GIS

[42] Switzerland

[43] USA

[44] USA

[45] Slovakia

[46] Tirkiye

Between Italy and

[47] Switzerland

[48] Italy

[49] Tirkiye risk analysis using

[50] Colorado GIS and Multi-criteria

[51] Serbia decision

[52] India potential snow
avalanche risk

[53] India analysis using
remote sensing

Risk analysis using
[54] Tirkiye machine learning

methods

(1)

such as slope surface cover and profile curvature will
affect the strength of the snowpack. In turn, factors such
as aspect will determine the amount of sunlight an area
receives and influence temperature direction [1].
Therefore, based on all this information, this study
aims to develop a method to estimate potential avalanche
release areas in a GIS environment. Rize province of
Tiirkiye, which has high mountain zones named Kackar
Mountains, was selected. The land cover layer and Digital
Elevation Model (DEM) were this model's main data
inputs. Factors such as aspect, slope, plan, and profile
curvature were produced from DEM. Each factor and
land cover were classified, and the final grid layer was
calculated. A model builder was created in these process
stages, and the calculation process was automated. As a
result, avalanche release areas were estimated and
mapped for Rize. This study is important because there
is no similar study representing snow avalanches in our
country and it will serve as an example for future studies
on this subject. A regional study will provide a basis and
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guidance for the provinces suffering from snow
avalanches.

2. Method

2.1. Methodology

The study consists of 9 stages.
¢ Selecting the study area
¢ Determining criteria and obtaining data
« Editing the data and associating it with the coordinates.
Conversion of data to WGS 1984 Lambert Conformal
Conic projection system.
¢ Adding the edited data to the geographic database in
ArcGIS 10.8.
¢ Determination of the criteria scores to be used in the
avalanche release area determination model
e Application of the avalanche release
determination model to the data

area

» Detection of potential snow avalanche risky areas as a
result of the analysis performed with the model and
identification of alternative points

¢ Presenting visual maps.

2.2. Study area

This study was performed in the Rize province of
Tiirkiye. Rize is located in the northeastern parts of
Tirkiye and located between 40°21' - 41°25' east
longitude and 40°33’ - 41°20' north latitude (Figure 1).
Rize covers an area of 3,920 km2, and 78% of this area is
mountains, 21% is plateaus, and 1% is plains. 25% of
Tiirkiye's forest areas are located in the Black Sea region
where Rize province is located. The population of Rize in
2018 was 346.608 [57]. Total rainfall values for Rize
province are 238 mm for December, 234 mm for January,
and 185 mm for February; these months are the coldest
periods in Rize [58]. Weather is generally -10°C or colder
at high altitude areas.
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BLACK SEA
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Figure 1. Study area.

The most important reason for choosing Rize is the
fact that many avalanche disasters have occurred in this
region in the past years has been deemed important in
terms of examining the avalanche risk points of the
region. The other reason is; that this province is
surrounded by high and rugged mountains that extend
parallel to the Black Sea. Kackar mountain range is within
the boundaries of the province area, one of Tiirkiye's
most important mountains. With a total height of 3,932
meters, the Kackar mountain range is also the highest
mountain in the Black Sea Region. The highest peaks of
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the Kackar mountain range are Altinparmak (3,480 m),
Kavrun (3,932 m), and Vercenik (3,710 m) mountain
[59].

2.3.Determining criteria

At this stage, two leading data inputs are needed to
identify potential avalanche release areas. These are the
land cover and the DEM layer. Apart from these, slope,
aspect, plan curvature, and profile curvature are other
criteria that should be used in the analysis, but these data
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are produced from DEM data. The reason for choosing
these data is that they were selected from the criteria
considered in the detection studies of potential snow
avalanches and that they are criteria that can be provided
in the analysis to be carried out in the region. To briefly
explain the data used in the analysis;

Land cover: The type of terrain and the land cover
influence the strength of a snowpack. A dense enough
forest inhibits large avalanche formation because it
influences the amount of deposited snow and the
stability of the snow cover itself [60-61]. The regions
covered by forest are thus excluded from the potential
release areas [47]. The falling snow slowly accumulates
between the trees and forms an irregular snow cover. In
addition, tree trunks can support fixing snow cover to the
ground, preventing avalanches from occurring [62].
Open, extensive hollow forests cannot fix the snow mass
and prevent avalanche formation [63]. Areas covered
with trees, large shrubs, and rocks will provide
attachment points where snow can hold. This will
increase the strength of the snow mass and become an
important trigger by requiring more weight. Barren
areas with permanent ice and snow or grassland will
increase the likelihood of an avalanche occurring as there
will be less friction to stop the avalanche [8].

Elevation: In snow avalanche risk assessment,
elevation is an essential parameter because factors such
as snowfall, wind, and temperature change depend on
the elevation. In higher areas, more snowfall occurs, and
more cooling occurs at air temperatures. In addition, as
the elevation increases, vegetation can be diluted,
exposure to solar radiation is higher, and stronger winds
are observed [64].

Slope angle: The priority in the slope parameter is to
determine the steepness limit of the slopes. Avalanches
are typically released on slopes with inclinations
between 30° and 50°, but depending on snow conditions,
the range can be; between 25° and 60° 2, 6, 8]. Below 28,
the gravitational force is too weak to initiate an
avalanche, whereas on slopes steeper than 50, releases
are limited to persistent small avalanches [47]. Delparte
[19] states that deep snow masses, which cause the
formation of large avalanches, cannot accumulate on
such slopes if the slope exceeds 60°.

Aspect: It is an essential topographic parameter, but
that does not have a direct effect on avalanche formation.
It is the direction of the slope. The aspect depends on
local circumstances. In the Northern Hemisphere,
northern slopes receive less sun than southern slopes.
Therefore, a cold snowdrift forms in this area. Eastern
slopes will develop a colder snowpack than western
slopes due to the difference between morning and
afternoon sunlight [1]. The situation in the Southern
Hemisphere is the opposite of the Northern Hemisphere.

Curvature: Curvature is examined in two parts:
profile and plan curvature. Profile curvature is the
curvature in the direction of the maximum slope and is in
the vertical direction. Plan curvature is perpendicular to
the profile curvature and is in the horizontal orientation.
Positive values donate concave slopes, negative values
donate convex slopes, and 0 means almost no curvature.
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The frequency of formation of avalanches is higher in
concave profile global lands [65]. Plan curvature is also
defined as several fractures in the avalanche flow path,
with a change in inclination of at least 5 ° [66]. The stress
areas occurring in the snow cover and the fractures just
below it is caused by convexity. Another important factor
is land curvature. This factor is used effectively in
determining the spatial limitation of avalanche release
areas. Those paths that have a concave plan curvature,
such as bowls or cirques, can trap blowing snow from
several directions about the wind direction [67], while
paths that have convex plan curvature have a thinner
snowpack because the snow is often blown away [47].
The plan curvature separates open areas from flat and
convex areas to define the snow avalanche potential
release areas. Open areas differ from convex areas by the
following rule [17]:

 Concave zones: plan curvature < - 0.002 m-1
e Flat zones: - 0.002 m-1 < plan curvature < + 0.002 m-1
e Convex zones: plan curvature = + 0.002 m-1

2.4.0btaining data and data processing

At this stage, the data belonging to the determined
criteria were obtained and arranged for use in the
analyses. A 10 m interval contours were used for creating
DEM, obtained by Karadeniz Technical University (KTU)
GISLab. Land cover layer and topography (for DEM)
obtained topographical geodatabase provided by the
General Directorate of Mapping / Tiirkiye. The other
terrain factors, such as slope, aspect, plan curvature, and
profile curvature raster layers, were derived from DEM.
The obtained data were converted to the WGS 1984
Lambert Conformal Conic projection system, and all data
were made ready for analysis by integrating the
geodatabase to be used in the ArcGIS 10.8 program. The
provided data is shown in Figure 2.
2.5. Mathematical model of determination
potential avalanche area

The mathematical model used to identify potential
snow avalanche risk areas has been created in this part
of the study. While establishing the mathematical model,
the criteria mentioned in the previous paragraphs
affecting the avalanche formation were considered.

Hresko (1998) [16] proposed a mathematical
equation model to estimate potential avalanche areas
[16, 68]. In this study, we used Hresko’s model to
estimate potential avalanche areas in Rize Province of
Tirkiye (Equation 2).

Av=(Al+Ex+Fx+Fy)*S*Rg (2)

Here, Av is the value estimating potential avalanche
trigger zones; Al is the elevation factor; Ex is the aspect
factor; Fx is the profile curvature factor; Fy is the plan
curvature factor; S is the slope inclination factor, Rg is the
land cover factor.
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Figure 2. Input geographic data used in the study. Elevation map (a), Land cover map (b), Aspect map (c), Slope map
(d), Plan curvature map (e), Profile curvature map (f).

2.6.Reclassifying criteria

The sub-criteria of the criteria required for detecting
potential snow avalanche risky areas were determined,
and the importance levels of the sub-criteria in
determining snow avalanche areas were tried to be
determined. At this point, the studies in the literature
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were used, and the sub-criteria were classified [5, 6,7, 22,
40, 63, 69].

North or South Hemisphere directly changes aspect
values. Marana [5] has aimed to detect avalanche-risky
areas in a North Hemisphere Country, Italy. Tiirkiye is
also located in the North Hemisphere. We have derived
aspect classification and score from Marana’s study.
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Slope score is used widely in most avalanche studies, and
the score is similar in different literature studies. In this
study, the slope score was derived from McClung and
Schaerer [6], Biskupi¢ and Barka [40] and Maers [63].
Plan-profile curvature classification and score were
derived from the study by Biihler et al. [7]. The elevation
score was derived from Tirkiye’s National Avalanche
Risk Activation Plan Report [64]. The land cover types
score was derived from Marana [5], Biskupi¢ and Barka
[22] and Richnavsky et al. [70]. Finally, classification and
scoring of land cover type factors were done by
commenting on related sub-factors of land cover types.
With a small example, if a zone is filled with rocks, it
means this is a risky area and gets a high score, but if a
zone is filled with dense forest, it brings a barrier for
avalanches catching snow and getting a low score.

The determined sub-criteria were scored on a scale of
0-10, and their values, which were important in detecting
potential snow avalanches, were determined. In this
range, 0 indicates the lowest value, while a value of 10
indicates the regions with the highest potential
avalanche risk. Table 2 and 3 show the factors, sub-
factors, and their scores (points) used in the study. The
classification row matches with sub-factors. We have
applied all the analysis due to the score calculations
shown in the tables.

Table 2. Factor, sub-factors, and their score calculations
used in the study.

Classification

0-750
750-1600
1600-1900
1900-2200
2200-2700
2700-3850
0-20°
20°-30
30°-35°
35°-45°
45°-55°
55°-65°
65°-90°

Flat areas (-1)

N (0°-22.5°)
NE (22.5° - 67.5°)
E (67.5°- 112.5°)

SE (112.5° - 157.5°)
S (157.5°- 202.5°)
SW (202.5°- 247.5°)
W (247.5° - 292.5°)
NW (292.5° 360°)
-4769,96 - (-4)
(-4)-(-0,2)
(-0,2)-0,2
0,2-0,5
0,5-4
4-1963,75

2760,82 - 4
4-0,2
0,2-(-0,2)
(-0,2) - (-0,5)
(-0,5) - (-4)

Elevation Score

Elevation

Slope

Aspect

Plan
Curvature

Profile
Curvature

NNNNO|ORrwUroo|NUINMI S Eoclocnnogoa NS N o
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Table 2 is related to topology and its post-processed
layers. Table 3 is related to the classification of the land
cover layer. Table 4 shows the final classification of the
calculated accumulated cost surface for determining
risky areas.

The final classification of analysis results is directly
related to our score points. The lowest score is 0, and the
highest point is 2700. This scale was separated into five
evaluation intervals, as seen in Table 4.

Table 3. The classified land cover factor and score.
Land Cover Type Land Cover Score
Rocks 10
Sparse Plants 8
Snow Areas 7
Agriculture with no Water
Agriculture with no Water
Highlands
Citrus
Agriculture with Water
Cultivated Agriculture 6
Cultivated Fruits
Tea 5
Meadow
Nut
Shrubbery
Cultivated Forest
Site
Mixed Forest 3
National Parks
Coniferous Forest 2
River 0
Dam
Evacuation Areas
Broad-leaved Forest
Lakes
District Centers
Ways
City Centers
Village Centers
Ports
Industry Zone
Holiday, Touristic Zones

Table 4. Final reclassification.
Equation result Potential avalanche risky areas

0-225 Low
225-468 Moderate
468 - 850 Considerable
850 - 1440 High

1440 -2700 Very High

3. Results and discussion

At this stage, the data belonging to the criteria for
detecting potential snow avalanche risky areas were
classified by considering the sub-criteria scores
determined in the ArcGIS 10.8 program and converted to
a raster format. Thus, the model developed for detecting
potential snow avalanches is ready for analysis. Then the
classified raster maps were used in the avalanche release
area determination model. As a result of the analysis
carried out with the model, the potential snow avalanche
risk areas were determined and presented with maps.
Alternative potential snow avalanche risk areas were
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determined with the outputs obtained and presented
with maps.

3.1.Classification of criteria by points

The determined criteria are classified according to
sub-criteria in this section. First of all, DEM data was
classified according to its subclasses. The subclasses of
the criteria were reclassified according to the scores and
converted to raster format. Then, slope, aspect, land
cover, plan curvature, and profile curvature data of all
layers were classified and made ready for analysis in
raster format, respectively. The resulting raster maps are
shown Figure 3. In the study, 10 * 10 pixels were chosen
as the raster pixel size, and this value was considered
when converting all spatial data to raster formats.
for

3.2. Determining harmonized model

avalanche risky area detection

The model analysis developed for detecting potential
snow avalanche risky areas was carried out at this stage.
This model was implemented by harmonizing recent
models and formulas. Each factor was classified
according to the following tables, and then the equation
was performed with ArcGIS. A Model Builder workflow
has been created to automate the process steps. In this
way, the analysis hierarchy has been re-applicable. GRID
layer was provided with a 10 m* 10 m resolution. The
final layer was reclassified into five classes. A model
builder is developed to enable the re-applicable analysis
process for different areas. The model builder brings
time reduction. On the other hand, it is possible to
convert the model to Python codes and use it in an add-
in or interface development process. One other benefit of
the model builder is enabling users to see all the process
hierarchy and operations in one figure and replace and
remove any operation if not necessary or wrong.

3.3. Detection of potential avalanche risk areas
and identification of alternative areas

Specific determination of risky areas has been done
after the general determination. Figure 4 shows areas
that have high avalanche possibilities. Application steps
of this stage have been done by reclassifying raster data
getting the highest scores. Then these areas were
converted to vector (shape) files. We can estimate
avalanche risky areas by wunderstanding the
mathematical formula proposed by Hresko of nature and
topography. The second essential factors are land cover
and land use because they directly affect avalanche
accidents. For example, intensive forest areas avoid
avalanches because of becoming natural barriers. When
visiting the land at some points, it has been determined
that there are snow-melting lines to prevent avalanches.
These are artificial settings to guide snow movements.
There were also metal barriers at some points. However,
the areas with the highest avalanche risk were
determined from the identified areas, and most were
open to accident risk.
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According to the classification range in Table 3, the
resulting product map was classified as low, moderate,
considerable, high, and very high, respectively, and it was
determined where the risky areas of snow avalanches
were more intensified. This classification as low,
moderate, considerable, high, and very high was made
according to the European 5 danger levels reference
scale [71]. According to the results obtained, it has been
determined that the low suitable area was % 43.04 of the
whole area, the moderate suitable area was % 32.20, the
considerable suitable area was % 15.30, and the high
suitable area was % 6.82, the exceptionally high suitable
area was % 2.64 (Table 5), (Figure 5).

Looking at the map, it can be observed that the
riskiest areas in the selected pilot region are generally in
the regions where the slope is quite intense in Rize
Province. In addition, the areas close to the sea have been
identified as areas where the potential snow avalanche
risk is quite low, with the effect of decreasing slope. It is
seen that the potential snow avalanche risk is intense,
especially in many parts of the mountainous regions of
Rize province, and these areas coincide with 149,985
points. Among these risky areas, the most dangerous
areas in terms of risk were determined as alternative
areas (alternative 1, alternative 2, alternative 3) and
shown on the map (Figure 6).

In Figure 6, the Alternative 1 area corresponds to the
Yaylakdy village region of Rize province and covers an
area of approximately 3,411.53 square meters. It is the
first area that s highly risky in terms of snow avalanches.
Since the determined area is very close to the Kacgkar
Mountains National Park, it coincides with an important
point of the province. In addition, the region is close to
many tourist plateaus such as the Amlakit, Palovit, and
Trovit plateaus.

Alternative 2 area corresponds to Yukarisimsirli
village region and covers an area of approximately
3,169.27 square meters. The determined area is
important because it has an important location in terms
of its proximity to the Ayder plateau, which is one of the
most important tourist points of the province.

Alternative 3 coincides with the Baskdy village region
of Rize province and covers an area of approximately
2,104.46 square meters. These three regions determined
as alternatives and the regions determined as high risk as
a result of the analysis appear as important points with
potential snow avalanche risk. Therefore, great attention
should be paid to the risk of snow avalanches in this
region, which is presented as an alternative, measures
should be taken against a possible snow avalanche that
will occur at these identified points, and if necessary,
prevention policies should be developed by planning.

When these most dangerous alternative areas in
terms of risk were examined, it was observed that there
was no forest in these areas and there were sparse plant
settlements. In fact, it can be seen from the figure that the
alternative 3 area consists of rocks. This makes these
regions attractive for avalanches [60-63]. On the other
hand, the elevation value in these areas is between 2000-
3000. As the elevation increases, vegetation can be
diluted and more cooling occurs at air temperatures [63].
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Figure 6. Determined avalanche risky alternative areas.

This situation may trigger an avalanche. In addition,
when the slope value of these regions is examined, the
region generally has slope values varying between 35°-
50°. According to literature, these values are considered

to be the most suitable values for avalanche formation [2,
6, 8]. The combination of all these different impacts has
made these regions the most dangerous alternative
regions for avalanches.
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4. Conclusion

Potential risk areas should be identified before
natural hazards occur. Risk analysis studies should be
conducted in this context, and risk regions should be
defined with maps. Risk maps are essential for the
development of emergency action plans. For snow
avalanches, one of the natural hazards of meteorological
origin, it is necessary to determine the potential risk
zones regarding hazard-related studies.

In this study, we have determined possible avalanche
areas with the help of GIS methods. The first analysis
group included all areas of Rize province, which was the
general determination of risky areas. In the second stage,
we examined risky areas in detail and detected exact
avalanche risky areas. Results have shown that GIS
technology is essential for determining risky areas. The
relevant data and analysis model for this study is raster-
based methods. In this way, all the areas can be analyzed
in pixels.

In this study, the area with the highest total value was
accepted as the riskiest in terms of potential snow
avalanches. As a result of the analysis, the area of
10115.14 hectares was determined to be risky in terms
of potential snow avalanches. Three different alternative
areas were selected from this area, and these areas were
determined as the points with the highest risk in terms of
risk. Therefore, minimizing the snow avalanche risks that
will occur in risky areas, including these selected
alternative areas, or carrying out necessary precautions
is essential. Thus, snow avalanche risks can be
minimized.

This study shows that recent risky avalanche area
determination studies are valuable in applicability and
accuracy. However, every practical study for developing
risky area determination algorithms supports and
enriches GIS studies. Soon, we will focus on determining
risky avalanche areas with the help of machine learning.
Using technology and newly developed GIS systems will
decrease labor loss and budgets for risk planning.
Moreover, more human and animal life and nature will be
protected.
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