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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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Annoramusi. [Iereic KazakcTanga Kap KOIIKiHI KHUITITT MEH KayilTiuTiri
JKOFaphl OOJIFaHABIKTaH, METCOPOJOTHUSIIBIK MOIIMETTEPIl TalJaylblH 3aMaHayH
TEXHOJIOTHSUTApBIH TaljalaHy eTe MaHb3Abl. byl 3eprrey Kap KeIIKiHi
OKHWFaJIAPbIHBIH aJIJIIHJIAFbI aya Paibl )KaFTIalbIHAAFbI )KACHIPBIH YITLIEP/I1 aHBIKTAY
yIIiH OaKplIaHOANTRIH MAIIMHAJIBIK OKBITY aJITOPUTMJICPIiH, aTan aiTKaHaa K-means
MeH K-medoids xonmanyra OarpiTTanFaH. Herisri makcatr — teMmreparypa, KapablH
KAJIBIHJIBIFBI JKOHE aya paibl jKaFIalbl CUSAKTHI METEOPOJIOTHSIIBIK KOPCETKIIITep
HETI31HJIe Kap KOIKiHI Kaymi 0ap KYHIepai caHaTTay YIIiH €H THIMJI KJIAaCTepJIiK
TOCUI AHBIKTAY. 3ePTTEY KEIISH I1 aJIJIbIH ajia OHJIEYI1, aya-PaibIHBIH KaTeTOPHSUTBIK
napameTpiiepiH CaHABIK MOHJEpPre TYPJCHIIPYAl JXOHE IIBIHTAK JKOHE CHIIYAT
OIICTEPIH KOJIAaHy apKbLIbl OHTAMIBI KJIACTEP CaHJAPBIH TaHIAyJbl KaMTBIIbI.
DKCIEpUMEHTTIK HoTIkenep K-means anropuTmiH KiacTepiiey camachl MeH
TYCiHAIpMeiTiri xarpiHaH anranaa K-medoids o/1iciHeH achII TYCETIHIITTH KOPCETTI.
BapnbIFbl TOPT epekie KiacTep aHBIKTAJIbI, OJIAPBIH OPKAWCHICHI KAap KOIIKiHI
OeyceHuUTiriMeH OaimaHbICThI Oipereit aya paiibl yiriaepin kepcereni. Hotmxenep
KOJTaHOANbl  9MicTeMEHIH OoJjamrakTa KeImKiHaepAl Oakpuiay >KOHE alIbIH ajia
€CKepTy >KYHeNIepiHJe €HTi3y YVIIIH KOJIAMIbl eKeHiH kepcereni. bynm 3eprrey
amaT KaymiH a3aiTyFa BIKMAJ €Te anajbl, COHJal-aK TayJbl aiMaKTap/aa TOTCHIIES
YKaFIaiapAblH aJIbIH ATy KoHE oJiapabl O0JapIpMay OOMBIHINA MISIIM KaObUIaay
YyAepicTepiH KojaayFa MyMKIHJIIK Oepe/i.

Tyiiin ce3aep: Kap KelkiHiH 00JDKay, MaIIMHAIBIK OKBITY, K-means kia-
crepiney, K-medoids, MeTeoponorusibiK epeKTep, 0aKbuIayChl3 OKBITY
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AHHoOTanus. B ¢BsI3u ¢ BBICOKOM YaCTOTOM M OIIACHOCTBHIO CXOJa JIABHH B
Boctounom Kazaxcrane mcronb30BaHHE COBPEMEHHBIX TEXHOJIOTHUH Ui aHAIM3a
METEOPOJIOTUYECKUX JaHHBIX CTaJ0 KPUTHYECKH BaKHBIM. /laHHOE HcclieoBaHHe
¢dokycupyercss Ha TPUMEHEHUH aJTOPUTMOB HEKOHTPOJIUPYEMOTO MAIIMHHOTO 00-
yuenusi, a uMeHHo K-means u K-medoids, 1 oOHapy>keHHs CKPBITBIX 3aKOHOMEp-
HOCTEH B IMOTOJHBIX YCIOBUSAX, IPEAMICCTBYIOMIUX JJAaBUHHBIM COOBITHSIM. OCHOBHAs
eJIb — ONpEeAeNnuTh Hanbonee 3(h(HEeKTUBHBINA MOAXO K KIaCTEpU3aLUH JUIsl KaTe-
rOpU3aly THEH ¢ JTaBUHHBIM PHCKOM Ha OCHOBE METEOPOJIOTHYECKHX TOKa3aTenei,
TaKHUX KaK TeMIleparypa, BBICOTa CHEKHOTO IOKpOBa U MOTojHbIe ycioBus. Mccre-
JI0BaHME BKJIIOYAJI0 KOMIUIEKCHYIO IIPEABAPUTENbHYIO 00paObOTKY JaHHBIX, Ipeodpa-
30BaHME KAaTErOPHAJIbHBIX MOTOIHBIX MapaMETPOB B YMCIIOBBIC 3HAYEHUS U BHIOOD
ONITUMAJILHBIX HOMEPOB KJIACTEPOB C Hcmoib3oBanueM metoioB Elbow u Silhouette.
DOKCHepUMEHTAJIbHBIC PE3yNbTaThl MOKAa3bIBAIOT, YTO anroputM K-means npeBocxo-
mut K-medoids mo kauecTBy KiacTepu3aliii U MHTEPIpeTHpyeMocTH. Beero Obiio
BBISIBIICHO YEThIPE OTAEIBHBIX KJacTepa, KXl U3 KOTOPBIX OTPa)kaeT YHUKAJb-
HBIE TIOTOJTHBIE 3aKOHOMEPHOCTH, CBS3aHHBIE C JABUHHON aKTUBHOCTBIO. Pe3ynbprarsl
MOKA3bIBAIOT, YTO MPHUMEHsEMAasi METOMOJIOTHS MOIXOAUT AJisi OyIyIero BHEAPEHUS
B CHUCT€Mbl MOHMTOPHHIA JIABUH M PAHHETO OIMOBELICHHs. JTO HCCIIEOBAaHHE BHO-
CHUT BKJIQJ B YCWJIUS TIO CHIDKEHHIO PUCKA CTUXMMHBIX OCICTBUN M TOAICPKHBAET
MIPOIIECCHI MPUHATHUS PEIICHUH /IS TNIAHUPOBAHUS pearnpoBaHMsl Ha YpE3BbIYaHbIC
CUTYyalluu B TOPHBIX PErHOHAX.

KiroueBble c10Ba: IPOrHO3MPOBAHUE JTABUHHOM OMACHOCTH, MaITUHHOE 00-
yuenue, K-means knacrepuszanus, K-medoids, mereoponornueckre qaHHbIC, HEKOH-
TpoIHpyemMoe o0ydueHue

Jasa umrupoBanmsa: C.K. Kymapraxanosa, [I. HypnsiGexoBa, A.C.
TnebanmgunoBa, M.A. KapmenoBa, C.C. CmaunoBa. BblsuieHHe TaBUHOOMACHBIX
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30H B BOCTOYHOM Ka3aXxCTaHE C HCIOJb30BAHHEM METOJOB MAIIMHHOTO
o0yueHwust//MexIyHapOJHbIH JKypHaJI WH(POPMAIMOHHBIX U KOMMYHHKAIIMOHHBIX
texHosoruii. 2025. T. 6. No. 22. Ctp. 115-129. (Ha anr.). https://doi.org/10.54309/
JICT.2026.22.2.007.

KonpaukT wHTEepecoB: aBTOpHI 3asBISIOT 00 OTCYTCTBHM KOH(QIIMKTA
UHTEPECOB.

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.

Data, Processing, Evaluating
preprocessing Unsupervised Clustering
clustering Methods
algorithms
e
)
Unsupervised Statistical
. tests
Meteorolo- clustgrlng
gicalldata algorithms i
e
] [
K-means/ evaluation
K-medoids
A S
General
Clusters clusters
results results

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 |Max cm | Weather Region Region name |lat lon
of snow |of snow | Forecast

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
Bogatyrskaya

2022 |2 -4 83 85 6 3 mine 49.788810 |84.421991
Putincevtskaya

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

2023 |1 -5 90 95 6 4 mine 49.859735 |84.333390
Sogornaya-

2021 |4 -2 65 70 6 5 barlyk 49.210929 |85.369947
Sogornaya-

2022 |2 -8 45 50 5 5 barlyk 49.210929 |85.369947
Sogornaya-

2022 |2 -5 45 50 6 5 barlyk 49.210929 |85.369947
Sogornaya-

2022 |1 -10 60 65 5 5 barlyk 49.210929 |85.369947
Sogornaya-

2022 |2 -10 50 60 6 5 barlyk 49.210929 |85.369947
Sogornaya-

2022 |2 -3 45 50 6 5 barlyk 49.210929 |85.369947
Sogornaya-

2022 |2 0 45 50 1 5 barlyk 49.210929 |85.369947
Sogornaya-

2023 |1 -10 55 60 5 5 barlyk 49.210929 |85.369947
Sogornaya-

2023 |2 -4 45 50 1 5 barlyk 49.210929 |85.369947
Berel-

2022 |2 -1 50 55 4 6 Rahmany 49.372586 |86.430875
Berel-

2022 |1 -17 45 75 5 6 Rahmany 49.372586 |86.430875
Berel-

2022 |2 -6 55 60 6 6 Rahmany 49.372586 |86.430875
Berel-

2022 |4 -9 45 50 3 6 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: Ki, Ko, ..., Ky, where Ki € X, [Ki| > 1,and Ki N Kj=@ for 1 <1i,j <k,
1 # 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 | € K and the cluster center k; 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):

A=Zk Lk, dist(l, ki),
(D
where A represents the sum of squared errors for all objects, 1 is a point rep-
resenting an object, k; is the centroid of cluster K, and dist(l, ki) is the Euclidean
distance between | 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), S is the squared deviation function, dis (D, D)) is the distance
between objects i and j.

K-Medoids algorithm

Input:

- k: the number of clusters,

- D: a data set containing n objects.

Output: A set of & clusters.

1: arbitrarily choose k objects in D;

: repeat

for each D; not a medoid do
for each medoid D; do

: Colnputc Squarc error:

: function S;;;

: find i,j where Sj; is the smallest

1if  S;;<0 then

9: replace medoid D; with D;

10: until S;;>=0

11: for each D;ED do

12: assign D;j to k,, where dis(D;, D;) is the smallest over all medoids

2
3
4:
s:
6
7
8

Fig. 2. K-Medoids Algorithm Pseudocode
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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).

Elbow method (K-Means) Elbow method (K-Medoids)
T T

-—- Optimal K=4 (WCS5=887.93) --- Optimal K=4 (WC55=1218.00)
8000 -

8000 4

6000 -
6000

WCSS
WCSS

4000 -
4000 +

2000 -
2000

| |
] i
i |
| |
| I
| |
1 1
| |
| |
| |
1 |
1 1
| 1
1 1
| |
| |
1 1
| |
I |
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| 1
] I
| |
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| |
| |
1 1
| |
| T
| |
| |
| |
I |
4 4
4 4

6 8 10 2 6 8 10
Number of clusters (K) Number of clusters (K)

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

2

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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Silhouette method K-Means
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Fig. 4. Diagram of the Silhouette Method of Cluster Analysis K-Means.

Silhouette method K-Medoids
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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.

Temperature, °C

Temperature, °C

K-Means clustering (K=4)

0.0 A L2 ® Clusterl
@ Cluster 2
° @ Cluster 3
-2.5 ® Cluster 4
Centroids
(] ® x
PY b s
-5.01& o ®
o [ ]
[ ] L]
-7.51
(]
(]
—10.0 + ¢ e
—12.5 1
—15.0
=17.5 1 x
50 60 70 80 90
Maximum cm snow (a)
K-Medoids clustering (K=4)
004 @ ¢ ® Clusterl
@® Cluster2
° @ Cluster 3
=2.51 Cluster 4
;" x x Centroids
5.0 & e
o ®
[ ] L J
—7.54
o
[
—10.0 1 @ e
-12.51
—15.0 1
-17.51 x
50 60 70 80 20
Maximum cm snow (b)
K-Means clustering (K=4)
® Clusterl
® Cluster 2
@ Cluster3
P Cluster 4
e .
° #¢ Centroids

Weather forecast

(©)

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

125

International License



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

K-Medoids clustering (K=4)
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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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Regional cluster groups
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Fig. 7. Cluster Groups.
Cluster |Statistical| Year Season Temperature |Average cm of Maximum cm| Weather Region
indicator © SHOW of snow Forecast
Count 3 3 3 3 3 3 3
Mean 2022,333 1,666666667| -5,333333333| 88,33333333| 88,33333333| 5,333333333| 3,666667
Cluster 1 |Std 0,57735 0,577350269| 1,527525232| 4,041451884| 5,773502692| 1,154700538| 0,57735
Min 2022 1 -7 83 85 4 3
Max 2023 2 -4 90 95 6 4
Count 7 7 7 7 7 7 7
Mean 2022,143 2,285714286| -4,285714286| 45,71428571| 50,71428571| 3,714285714| 5,285714
Cluster 2 |Std 0,377964 0,755928946( 3,352326839| 1,889822365| 1,889822365| 2,138089935| 0,48795
Min 2022 2 -9 45 50 1 5
Max 2023 4 0 50 55 6 6
Count 3 3 3 3 3 3 3
Mean 2022,667 1 -10 37| 71,66666667| 2,333333333| 2,666667
Cluster 3 |5td 0,57735 0 6,08276253 6,92820323| 2,886751346| 2,309401077| 2,886751
Min 2022 1 -17 33 70 1 5
Max 2023 1 -6 45 75 5 6
Count 6 6 6 6 6 6 6
Mean 2022,167 2| -6,333333333| 55,83333333| 64,16666667 5| 4,666667
Cluster 4 |Std 0,752773 1,095445115| 4,457203907| 5,845225972| 4,915960401| 1,549193338| 1,36626
Min 2021 1 -10 50 60 2 2
Max 2023 4 0 65 70 6 6

Fig. 8. Statistical Description of the Avalanche Data Set in Each Cluster.

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

127



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

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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