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Abstract. Due to the high frequency and danger of avalanches in East Kazakh-
stan, the use of modern technologies for analyzing meteorological data has become 
critically important. This study focuses on the application of unsupervised machine 
learning algorithms – namely K-means and K-medoids–for detecting hidden patterns 
in weather conditions that precede avalanche events. The primary objective is to de-
termine the most effective clustering approach for categorizing days with avalanche 
risk based on meteorological indicators such as temperature, snow depth, and weather 
conditions. The research involved comprehensive data preprocessing, conversion of 
categorical weather parameters into numerical values, and the selection of optimal 
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cluster numbers using the Elbow and Silhouette methods. Experimental results in-
dicate that the K-means algorithm outperforms K-medoids in clustering quality and 
interpretability. A total of four distinct clusters were identified, each reflecting unique 
weather patterns associated with avalanche activity. The results suggest that the ap-
plied methodology is suitable for future implementation in avalanche monitoring and 
early warning systems. This study contributes to disaster risk reduction efforts and 
supports decision-making processes for emergency response planning in mountain-
ous regions.

Key words: avalanche prediction, machine learning, K-means clustering, 
K-medoids, meteorological data, unsupervised learning
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Аннотация. Шығыс Қазақстанда қар көшкіні жиілігі мен қауіптілігі 
жоғары болғандықтан, метеорологиялық мәліметтерді талдаудың заманауи 
технологияларын пайдалану өте маңызды. Бұл зерттеу қар көшкіні 
оқиғаларының алдындағы ауа райы жағдайындағы жасырын үлгілерді анықтау 
үшін бақыланбайтын машиналық оқыту алгоритмдерін, атап айтқанда K-means 
мен K-medoids қолдануға бағытталған. Негізгі мақсат – температура, қардың 
қалыңдығы және ауа райы жағдайы сияқты метеорологиялық көрсеткіштер 
негізінде қар көшкіні қаупі бар күндерді санаттау үшін ең тиімді кластерлік 
тәсілді анықтау. Зерттеу кешенді алдын ала өңдеуді, ауа-райының категориялық 
параметрлерін сандық мәндерге түрлендіруді және шынтақ және силуэт 
әдістерін қолдану арқылы оңтайлы кластер сандарын таңдауды қамтыды. 
Эксперименттік нәтижелер K-means алгоритмін кластерлеу сапасы мен 
түсіндірмелілігі жағынан алғанда K-medoids әдісінен асып түсетіндігін көрсетті. 
Барлығы төрт ерекше кластер анықталды, олардың әрқайсысы қар көшкіні 
белсенділігімен байланысты бірегей ауа райы үлгілерін көрсетеді. Нәтижелер 
қолданбалы әдістеменің болашақта көшкіндерді бақылау және алдын ала 
ескерту жүйелерінде енгізу үшін қолайлы екенін көрсетеді. Бұл зерттеу 
апат қаупін азайтуға ықпал ете алады, сондай-ақ таулы аймақтарда төтенше 
жағдайлардың алдын алу және оларды болдырмау бойынша шешім қабылдау 
үдерістерін қолдауға мүмкіндік береді.

Түйін сөздер: қар көшкінін болжау, машиналық оқыту, K-means кла-
стерлеу, K-medoids, метеорологиялық деректер, бақылаусыз оқыту
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Аннотация. В связи с высокой частотой и опасностью схода лавин в 
Восточном Казахстане использование современных технологий для анализа 
метеорологических данных стало критически важным. Данное исследование 
фокусируется на применении алгоритмов неконтролируемого машинного об-
учения, а именно K-means и K-medoids, для обнаружения скрытых закономер-
ностей в погодных условиях, предшествующих лавинным событиям. Основная 
цель — определить наиболее эффективный подход к кластеризации для кате-
горизации дней с лавинным риском на основе метеорологических показателей, 
таких как температура, высота снежного покрова и погодные условия. Иссле-
дование включало комплексную предварительную обработку данных, преобра-
зование категориальных погодных параметров в числовые значения и выбор 
оптимальных номеров кластеров с использованием методов Elbow и Silhouette. 
Экспериментальные результаты показывают, что алгоритм K-means превосхо-
дит K-medoids по качеству кластеризации и интерпретируемости. Всего было 
выявлено четыре отдельных кластера, каждый из которых отражает уникаль-
ные погодные закономерности, связанные с лавинной активностью. Результаты 
показывают, что применяемая методология подходит для будущего внедрения 
в системы мониторинга лавин и раннего оповещения. Это исследование вно-
сит вклад в усилия по снижению риска стихийных бедствий и поддерживает 
процессы принятия решений для планирования реагирования на чрезвычайные 
ситуации в горных регионах.

Ключевые слова: прогнозирование лавинной опасности, машинное об-
учение, K-means кластеризация, K-medoids, метеорологические данные, некон-
тролируемое обучение
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зон в восточном казахстане с использованием методов машинного 
обучения//Международный журнал информационных и коммуникационных 
технологий. 2025. Т. 6. No. 22. Стр. 115–129. (На анг.). https://doi.org/10.54309/
IJICT.2026.22.2.007.
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Introduction
Natural disasters have always been a problem for people. In mountain areas, 

one of the most dangerous natural events is an avalanche. In fact, avalanches can 
damage people’s lives, roads, buildings, and nature. As a result, scientists do many 
studies to protect people and reduce losses (Rafique., et al., 2023; Singh and Ramiya, 
2025; Zgheib et al., 2022).

In East Kazakhstan, it is a significantly vital issue. Avalanches happen in the 
region every year because of the mountains and weather. If we can find dangerous 
places earlier and understand how avalanches start, we can help emergency workers 
get ready and improve the warning system.

In the last few years, many scientists have started using machine learning and 
data analysis to study natural risks. Some researchers create models to make predic-
tions, others group risky situations or study when and where disasters happen. One 
helpful method is clustering — it lets us find patterns and dangerous areas (Mahfuz et 
al., 2023; Cui, 2020; Géron, 2021; Han et al., 2022; Zhao et al., 2023).

In this research, we wanted to use machine learning to group weather data 
connected to avalanches in East Kazakhstan.

The novelty of the research lies in the fact that we compared two algorithms 
— K-means and K-medoids — for the first time using real avalanche-related weather 
data in this region. We also created a new way to clean and digitize weather info. 
Then we used Elbow and Silhouette methods to check how well the clusters worked.

We used K-means and K-medoids to group the data and see which one worked 
better. The Elbow and Silhouette methods helped us find the best number of groups 
(clusters). We found that K-means gave better results. Then we studied the groups 
more closely to understand things like snow level and temperature before avalanches.

The machine learning method we used worked well for studying avalanches 
in East Kazakhstan. It can also be used in systems that help watch and predict ava-
lanches.

Materials and Methods
Data Description 
East Kazakhstan is in the east of Kazakhstan and borders Russia and China. It 

is a mountain region with high avalanche risk. That is because of heavy snow, sudden 
weather changes, and difficult terrain. Every winter and spring, avalanches happen 
there and can be dangerous for people, roads, and farms.

To study what causes avalanches, we used weather data from 2005 to 2023 
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from the IT Center for Competency and Technology Transfer. The data includes the 
date, temperature, snow height, rain, and weather conditions. The general scheme of 
the proposed methodology is presented in Figure 1.

Fig. 1. The general Scheme of the Proposed Methodology

As can be seen from the figure, the proposed methodology consists of three 
main stages. The implementation of the stages is carried out according to this scheme.

In the Excel files, days with avalanches were marked yellow. We only used 
those days. We looked at the weather in the morning (7:00 AM), because that’s when 
avalanches are more likely.

We used these numbers:
-	 Year
-	 Month
-	 Temperature (°C)
-	 Average and maximum snow height (cm)
-	 Weather condition
Then we prepared the data:
-  We turned weather conditions into numbers (snow, rain, clear, etc.)
-	 We grouped months by seasons
-	 We gave each area a code
-	 We joined all tables into one file
This gave us a clean table with useful information about avalanche days. We 

can now use this data to find patterns and build models.
Method Steps
The method has two main steps:
1.	 Clean and prepare the data (Table 1)
2.	 Use K-means and K-medoids to make and compare clusters
We used Python to do this work.
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Table 1 – Dataset Fragment
Year Season t (°C) Avg cm 

of snow
Max cm 
of snow

Weather 
Forecast Region Region name lat lon

2023 1 -6 33 70 1 1 Prohodnaya 50.338860 84.019834
2023 1 -7 33 70 1 1 Prohodnaya 50.338860 84.019834
2023 2 0 50 70 2 2 Pihtovka 49.716552 83.297713

2022 2 -4 83 85 6 3
Bogatyrskaya 
mine 49.788810 84.421991

2022 2 -7 83 85 4 4
Putincevtskaya 
mine  49.859735 84.333390

2023 1 -5 90 95 6 4
Putincevtskaya 
mine  49.859735 84.333390

2021 4 -2 65 70 6 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 2 -8 45 50 5 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 2 -5 45 50 6 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 1 -10 60 65 5 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 2 -10 50 60 6 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 2 -3 45 50 6 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 2 0 45 50 1 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2023 1 -10 55 60 5 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2023 2 -4 45 50 1 5
S o g o r n a y a -
barlyk 49.210929 85.369947

2022 2 -1 50 55 4 6
B e r e l -
Rahmany 49.372586 86.430875

2022 1 -17 45 75 5 6
B e r e l -
Rahmany 49.372586 86.430875

2022 2 -6 55 60 6 6
B e r e l -
Rahmany 49.372586 86.430875

2022 4 -9 45 50 3 6
B e r e l -
Rahmany 49.372586 86.430875

On the Unsupervised Clustering Algorithms
Clustering is a data processing method that allows grouping observations into 

separate clusters based on similar characteristics. This method is considered as effec-
tive for analyzing natural phenomena, including situations with a risk of avalanches. 
In this study, unsupervised machine learning algorithms, namely K-means and K-me-
doids, are applied to reveal hidden patterns in pre-avalanche meteorological data.

K-means clustering algorithm 
The K-means method is one of the most widely used clustering algorithms. 

It is known for its simple, effective features and ability to produce good clustering 
results (Berdyshev, 2018; Grossman et al., 2017; Grossman et al., 2017).Given a data-
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set: X = {x₁, x₂, ..., xₘ}, where m is the number of objects in Euclidean space. The 
main goal of the K-means method is to partition into clusters the set of observations 
into K clusters: K₁, K₂, ..., Kₖ, where Kᵢ ⊂ X, |Kᵢ| ≥ 1, and Kᵢ ∩ Kⱼ = ∅ for 1 ≤ i, j ≤ k, 
i ≠ j. Each cluster must have at least one object. This method aims to group similar 
objects into the same cluster while maximizing the differences between objects in 
different clusters. In the method, each cluster is represented by a center (centroid). 
A centroid is defined as the mean of all objects assigned to the cluster. The distance 
between an object l ∈ Kᵢ and the cluster center kᵢ is measured using the Euclidean dis-
tance - dist(l, kᵢ). The quality of the clustering is evaluated by intra-cluster variance, 
which is calculated using the following formula (1):

                                                             (1)
where A represents the sum of squared errors for all objects, l is a point rep-

resenting an object, kᵢ is the centroid of cluster Kᵢ, and dist(l, kᵢ) is the Euclidean 
distance between l and kᵢ. In other words, the distance from each object to its cluster 
center is squared, and all these squared distances are summed up.

K-Medoids Clustering Algorithm 
The K-medoids method differs from the K-means algorithm in that it uses 

actual data points— medoids — as cluster centers. 
In this approach, the cluster centers are selected directly from the dataset, 

meaning that instead of calculating the mean, the medoid of the cluster is used. To 
form clusters, K representative points are initially selected. These points are then iter-
atively updated. During each iteration, all possible combinations between representa-
tive and non-representative points are evaluated. For each combination, the clustering 
quality is calculated. The new point that minimizes the distortion function the most 
is selected and replaces the previous representative point. In the Figure 2, D is the set 
of objects (1, 2, ..., n), Sᵢⱼ is the squared deviation function, dis (Dᵢ, Dⱼ) is the distance 
between objects i and j.

Fig. 2. K-Medoids Algorithm Pseudocode



INTERNATIONAL JOURNAL OF INFORMATION AND COMMUNICATION TECHNOLOGIES 2025. Vol. 6 Іs. 2.

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License123

Results and discussion
The clustering analysis began by determining the optimal number of clusters 

for the given data, as the K-means and K-medoids clustering algorithms used in the 
study operate based on dividing the vector space into a predetermined number of k 
clusters. 

There are various methods for selecting the optimal number of clusters, most 
of which are based on calculating intra-cluster and inter-cluster distances. In this 
study, the Elbow and Silhouette methods were used to determine the optimal cluster 
value.

The Elbow Method is based on analyzing the sum of squared intra-cluster 
deviations (WCSS). As the number of clusters increases, WCSS tends to decrease, 
but beyond a certain value of K, this decrease becomes significantly slower. The point 
where this «Elbow» occurs is considered the optimal number of clusters, as adding 
more clusters beyond this point does not significantly improve the clustering.

Figure 3 presents the results of using the Elbow method to determine the 
optimal k value. As seen in the graphs in 4(a) and 4(b), the Elbow method suggests 
that k = 4 is optimal. The optimal number of clusters for both the K-means and 
K-medoids methods was found to be the same. As K increases, a sharp decline in the 
WCSS value is observed in the graph. This crucial change corresponds to the optimal 
number of clusters and is referred to as the «Elbow» (Cui, 2020).

Fig. 3. Diagram of the Elbow Method of Cluster Analysis of K-Means and K-Medoids.

In the Silhouette method, the silhouette coefficient is calculated using the 
average intra-cluster distance and the average distance from each object to the 
nearest cluster. The maximum value of the silhouette coefficient allows for a clear 
identification of the cluster boundaries. The results of using the silhouette method to 
evaluate the quality of clustering models are presented in the following figures. For 
K = 2, K = 3, and K = 4, the silhouette values of the K-means method are shown in 
Figure 4, while the silhouette values of the K-medoids method are displayed in Figure 
5.
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Fig. 4.  Diagram of the Silhouette Method of Cluster Analysis K-Means.
 

Fig. 5. Diagram of the Silhouette Method of Cluster Analysis Of K-Medoids.

Table 2 - Silhouette Values ​​for K-Means and K-Medoids Methods

Number of Clusters K-means K-medoids
2 0.5799 0.6452
3 0.4583 0.4583
4 0.5235 0.5235

From Table 2, the highest silhouette coefficient value at K = 2 is observed with 
the K-medoids method - 0.6452, compared to 0.5799 for K-means. However, for K 
= 3 and K = 4, both methods yield identical silhouette coefficient values - 0.4583 and 
0.5235, respectively.

In the next stage of the study, the results of applying the clustering methods 
shown in Figure 6 were obtained. In Figures 6(a) and 6(b), four distinct clusters with 
specific centers (centroids) are identified using the K-means and K-medoids methods. 
Figures 6(c) and 6(d) provide the 3D visualization of these four clusters, allowing for 
a more accurate assessment of the data distribution in space based on the following 
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characteristics: maximum snow depth, air temperature, and weather conditions. 

  (а) 

 (b)

 (c) 
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 (d)                                                                             
Fig. 6. Diagram of Four Cluster Data Sets in Different Dimension Spaces (3D and 2D): (a), (c) K-Means 

Method; (b), (d) K-Medoids Method.
When comparing the values of the WCSS coefficients for both methods, it was 

found that the K-means method produced higher results than K-medoids. Therefore, 
the further analysis of the clustering groups was carried out based on the results 
obtained using the K-means method. Figure 7 presents the clustering results achieved 
with the K-means method. Each of the clusters is characterized by its distinct features 
and includes a different number of observed points. 

The high clustering quality achieved through K-means confirms the 
effectiveness of the chosen approach for analyzing meteorological data related to days 
with avalanche risk. The statistical analysis and overall evaluation of the results were 
done using descriptive statistics. Figure 8 shows the results of descriptive statistics 
used to analyze the clusters and identify the characteristics of each one. 

In Cluster 1, the average temperature is approximately -5.3°C, the average 
snow depth is 88 cm, and the average weather index is 5.3. In Cluster 2, these values 
are slightly higher: temperature ≈ -4.3°C, snow depth ≈ 50.7 cm, and the weather 
index ≈ 3.7. Additionally, the average snow and temperature values in this cluster are 
lower compared to other clusters, and their variability is higher (standard deviation). 
In Cluster 3, the temperature is significantly lower (average temperature ≈ -10°C), 
the snow depth is 71.7 cm, and other parameters also vary within set limits. Cluster 
3 shows considerable variation, especially for temperature and snow (the standard 
deviation for snow is between 6.1 cm and 6.9 cm). 

The analysis conducted using descriptive statistics helped to identify different 
groups with unique characteristics for each cluster, allowing for a detailed analysis 
of the factors affecting the weather in different regions. For instance, Cluster 1 shows 
stable conditions, while Cluster 3 exhibits temperature and significant variability.

Each cluster had its own characteristics and number of data points. K-means 
showed good results in this avalanche study.
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Fig. 7. Cluster Groups.

Fig. 8. Statistical Description of the Avalanche Data Set in Each Cluster.
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Conclusion
As a result of the cluster analysis of the climate data for the regions of East 

Kazakhstan, four main clusters were identified.
Cluster 1 includes days with a high snow cover (on average, 88.3 cm), rela-

tively low average temperatures (around -5.3°C), and stable weather conditions. The 
weather phenomena are mostly cloudy and windy, and the regions are primarily the 
Bogatyrevskaya and Putinetsvskaya kopys. These days correspond to typical winter 
conditions.

Cluster 2 covers days with an average snow depth (on average, 45.7 cm) and 
temperatures around -4.3°C. However, the standard deviation of temperature and 
weather in this cluster is significantly higher, indicating greater variability in climat-
ic conditions. Clear, cloudy, and windy days are frequent here. Geographically, this 
cluster includes various regions of the area.

Cluster 3 is characterized by extremely low average temperatures (around 
-10°C), as well as snow depths — with an average of 37 cm (the lowest value com-
pared to other clusters), and a maximum height of 75 cm (the highest compared to 
other clusters). It includes areas such as Sogornoye-Barlyk and Berel-Rahmany.

Cluster 4 combines days with stable frost (average temperature -6.3°C) and 
snow cover (average value 55.8 cm). The weather phenomena are mostly snow and 
cloudiness. This cluster can be interpreted as representing the typical long winter.

The results of the work can serve as a basis for developing predictive systems 
based on historical data.
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