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2 Clarivate
Analytics

«Central Asian Academic Research Centery LLP is pleased to announce that “News of NAS
RK. Series of Geology and Technical sciences” scientific journal has been accepted for
indexing in the Emerging Sources Citation Index, a new edition of Web of Science. Content
in this index is under consideration by Clarivate Analytics to be accepted in the Science
Citation Index Expanded, the Social Sciences Citation Index, and the Arts & Humanities
Citation Index. The quality and depth of content Web of Science offers to researchers,
authors, publishers, and institutions sets it apart from other research databases. The
inclusion of News of NAS RK. Series of Geology and Technical Sciences in the Emerging
Sources Citation Index demonstrates our dedication to providing the most relevant and
influential content of geology and engineering sciences to our community.

«Opmanvix Asusn axademusnvik vinvimu opmanvizely KIIC «KP ¥FA Xabaprapoi.
Teonocus oicone MeEXHUKANLIK bLILIMOAP Cepusicbly 2bliviMu dcypranvinvily Web of
Science-miny scanananean nyckacet Emerging Sources Citation Index-me unoexcmenyee
Kabvli0aneanvin  xabapnaiovl. byn unoexcmeny oapwiceinoa Clarivate Analytics
KOMRAHUusACul Jcyprandvl odan api the Science Citation Index Expanded, the Social
Sciences Citation Index ocone the Arts & Humanities Citation Index-xe kabwiioay
Mmacenecin Kapacmuipyoa. Web of Science zepmmeywinep, asémopnap, 6acnawiviiap
MeH MeKemenepee KOHmeHm mepenoiei men canacwin Ycvinaovl. KP ¥YFA Xabapnapeo.
Teonocus scone mexuuxanvix eviavimoap cepuscol Emerging Sources Citation Index-xe
enyl 0i30iH KO2amOacmulK YWiH eH 63eKmi dcane 0edendi 2eon02usi JHeaHe MexXHUKAIbIK
EbLIBIMOAP OOULIHUWA KOHMEHMKe a0anoblblmbi30bl 0i10Ipeoi.

TOO «llenmpanvro-a3uamckutl akadeMuuecKull HAy4Hulil yeHmpy coodwjaem, umo
nayunoii oicypuan “Useecmuss HAH PK. Cepusi ceonocuu u mexuuueckux Hayk» Obll
npunam oas unoexcuposanusi 6 Emerging Sources Citation Index, obnosnennou
sepcuu Web of Science. Cooepoicanue 6 3mom UHOEKCUPOBAHUU HAXOOUMCS 8 CMAOUU
paccmompenusi komnanueti Clarivate Analytics ons oanvhetiwezo npuHAMUS JICYPHANA
6 the Science Citation Index Expanded, the Social Sciences Citation Index u the Arts &
Humanities Citation Index. Web of Science npednazaem kauecmso u enyouny Konmenma ot
uccredosamenetl, agmopos, uzoameneli u yupesicoenuil. Brmouenue Hzeecmus HAH PK.
Cepus ceonozuu u mexnuyeckux nayk ¢ Emerging Sources Citation Index oemoncmpupyem
HAWLy npuepIHCeHHOCMb K Haubonee akmyaibHOMY U 6IUSMETIbHOMY KOHMEHMY N0 2e0N02UU
U MEXHUYECKUM HAYKAM OJisl Haue20 coobuecmsa.
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Abstract. Relevance. Effective forest ecosystem management requires an
understanding of the influence of geo-environmental factors on vegetation cover.
Climate change, human impact, and wildfires are transforming forest types,
especially in mountainous regions. In this context, intelligent systems capable
of identifying key dependencies and predicting forest cover types are becoming
increasingly important. Objective. This study aims to develop a classification
model for forest cover types based on environmental and topographic parameters
using the Random Forest algorithm. Methods. The model was built using data from
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the open UCI Machine Learning Repository. The dataset includes elevation, aspect,
slope, distances to hydrological and fire-related features, and road proximity.
Correlation analysis was conducted, and a Random Forest model was trained. The
model’s performance was evaluated using Accuracy, Precision, Recall, and F1-
score metrics. Results and conclusions. The model achieved an overall accuracy
of 91%. Elevation and distance to roadways were found to be the most influential
features. Classes 1, 2, and 7 showed high classification accuracy, while classes 4
and 5 had higher misclassification rates. The results are useful for adaptive forest
management, risk prediction, and biodiversity conservation. This study confirms
the applicability of machine learning in supporting sustainable forest ecosystem
analysis. Future research will aim to enhance the model by incorporating additional
climatic and anthropogenic factors.

Keywords: machine learning, mountain resources, geological exploration,
environmental factors, data analysis, resource modeling
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AHHOTauus. Ozexminiei. OpMaH dKOXKYIHenepiH THIMII 6acKapy T€0IKOIOTUSUITBIK
(hbaxTOpIapIBIH O©CIMIIK KAMBUIFBICHIHBIH KYPBUIBIMBIHA OCEPiH TYCIHYII Taiamn
ereni. KiammarTeiH e3repyi, aHTPONOIEHIIK dcep XKoHE TaOWUFU epTTep OpMaH
TYpJIepiH acipece Tayibl aiiMakTapia TyOereini esrepreai. byn skarmaiiia Herisri
TOYEIJ/IUTIKTEp/li aHBIKTayFa >KOHE OpMaH >KaMBUIFBICHIHBIH TYpPJEpiH Oormkayra
KaOIeTTI WHTEUICKTYaIbl JKYWelIepmiH pem apramsl. Makcamol. 3epTTEymiH
MaKcaTbl — Ke3/IeHCOK OpMaH aJTOPHTMIH KOJIaHa OTBIPHIN, SKOJOTHSUIBIK JKOHE
TororpaMsUIbIK TMapaMeTpiepai Tajnay HEri3iHge OpMaH >KaMBUIFBICHIH JKIKTEY
MozeNiH Kypy. Odicmepi. Monenbai kypy yuwin UCI ambIK peno3uropuidiHeH
AJIBIHFaH MAJIIMETTE MalJallaHbUI/bI. Y JIrijie OUiKTIK, SKCIIO3UIIHS, CHIC, XKOJIIapiaH
KAIIBIKTBIK, THUIPOJOTUSUIBIK JKOHE MHPOJIOTHSJIBIK HBICAHIAp Typajibl akmnapar
Oap. Koppensmusutelk Tammay skyprisinmi skone Random Forest Momerni canmbIHIIBL.
Honmikti Oaramay Accuracy, Precision, Recall xone Fl-score kepcerkimrepi
OoiibIHIIA KYprizinni. Homuowcenep men xopvimuinowviiap. Monens 91% nonnikke
xeTTi. "BHIKTIK" oHe "KON KAIlIBIKTBIFBI' TapameTpiepi €H MaHbI3IbI OOJBII
WIBIKTHL. 1, 2 %oHe 7 CHIHBINTAp KOFAPbI TOJAIKIICH TAHBULBL, aJl 4 )KOHE 5 CHIHBINTap
yuIiH Karenep Oaiikanmabl. HoTmkenep opMaH pecypcrapblH aianTuBTI Oackapy,
TOyeKeIAepai 0omKay JKOHE OMOOPTYPIILIIKTI CaKTay YIIiH Tai1aJaHbuTybl MYMKIH.
YCHIHBUIFAH 3€PTTEy OpMaH SKOXKYHENepiH TypakThl Tajgay YIIiH MAaIldHAIBIK
OKBITYIBIH KOJIAHBUTYBIH pacTaiiipl. bornamaxkra KOCHIMINA KIMMATTBIK JKOHE
AHTPOIIOTeHIK (haKToprap eceOiHeH MOJEIb I KEHEUTY Ke3/ee .

Tyiiin ce3mep: MalIMHAIBIK OKBITY, Tdy pECypcTapbl, 'eOJIOTHUIBIK Oapay,
IKOJIOTHSITBIK (DaKkTopiap, JepeKTepi Tanaay, pecypcTapabl MOJEIbAeY
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AnHoTaums. Axmyarvnocms.  DPPEKTUBHOE  yIpaBICHWE  JIECHBIMHU
JKOCHCTEMaMH TpeOyeT TOHMMAaHHS BIMSHUS TE0IKOJIOTHYECKUX (PAKTOpOB
Ha CTPYKTYPy PacTHUTEIHHOTO MOKpoBa. M3MeHeHue KinMara, aHTPOIMOTEHHOE
BO3/ICHCTBHE W TIPUPOAHBIE TIOXKAPHI PATUKATBHO TPAHC(POPMHUPYIOT THITBI JIECOB,
0COOEHHO BTOPHBIX paifoHaX. B 3TuX yclnoBusAX BO3pacTaeT pojib MHTEIUIEKTYalTbHBIX
CHCTEM, CIOCOOHBIX BBISBIATH KIIOYEBBIE 3aBHCHMOCTH M TPOTHO3MPOBATH
TUTIBI JIECHOTO TOKpoBa. [[ens. llenmpro wmccnenoBaHWs SBISETCS MOCTPOCHHE
MOJIEN KJIACCH(HUKAIMK JIECHOTO TIOKPOBa HAa OCHOBE aHAIM3a JKOJOTHYECKHX
1 TomorpauYecKux MapaMEeTPOB C HCIIOIB30BAaHHUEM aJITOPUTMa CIydaifHOTO
neca. Memoowl. J]st moCTpOeHUsT MOAETH MCTIOIb30BANCH JAHHBIE U3 OTKPBITOTO
pernosutopust UCIL. B BeIOOpKe comepkutcs HHGOPMAITUS O BBICOTE, IKCTIO3UITHH,
YKJIOHE, YAaNEHHOCTH OT JIOPOT, THIPOJIOTHYECKUX M MTUPOIOTHIECKUX O0BEKTaX.
[IpoBeneH KoppensIMOHHBIA aHadM3 M TocTpoeHa Mmoxaeidb Random Forest.
Or1eHKa TOYHOCTH OCYIIECTBISIACH TTO MeTpukaMm Accuracy, Precision, Recall u
F1-score. Pesynemamul u 6b160061. Monenps qocturia Tounoctd 91%. [apamerpst
«BBICOTA HAJ YPOBHEM MOpPS» U «PACCTOSHHUE 10 JOPOT» OKa3aluch Hamboiee
3HaguMBIMH. Kitaccer 1, 2 1 7 ObUTH pacIio3HAHBI ¢ BEICOKOH TOYHOCTBIO, TOT/IA KaK
JUTS KJ1accoB 4 1 5 HaOIoanuch OMMOKY. Pe3ynbTaTsl MOTYT OBITH HCIIOE30BaHBI
JUTS aJTallTUBHOTO YTIPaBJICHUS JIECHBIMU PECYPCaMH, TPOTHO3UPOBAHUS PHCKOB U
coxpaHeHust O6mopasHooOpa3us. [IpencraBienHoe HCCleIOBaHUE MOATBEPKIAET
MPUMEHUMOCTh MAIIMHHOTO OOydYeHHWs Il YCTOWYHMBOTO aHajin3a JIECHBIX
SKOCUCTEM. B panbHeMiieM Mpeanonaraercs pacliMpeHue MOJEHM 3a CUéT
JIOTIONTHUTENFHBIX KIMMaTHYECKUX W aHTPOIIOTEHHBIX (haKTOPOB.

KutoueBble ciioBa: MammHHOE 00yUeHHE, TOPHBIE PECYPCHI, T€0JI0TOpa3BenKa,
sKoJIoTHYecKre (PaKTOPHI, aHATTU3 JAHHBIX, MOJICTIMPOBAHNIE PECYPCOB

Introduction. One of the most important ecosystems on the planet is the forest
ecosystem. It has a significant impact on climatic conditions, biodiversity, and
environmental sustainability (Malozyomov et al., 2024; Evsyukov et al., 2024).
Identifying the factors that influence forest cover types is key to understanding how
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forest ecosystems respond to environmental changes and anthropogenic impacts. In
the context of global climate change and increased pressure on natural resources,
forests play a crucial role in maintaining ecological balance by providing essential
ecosystem services such as regulating the water cycle, maintaining soil fertility,
and preserving biodiversity (Kurashkin et al., 2024; Kapanski et al., 2025)].
Understanding these factors is particularly important for ecologists and foresters to
develop sustainable forest management strategies.

Moving on to the consideration of the diversity of forest ecosystems, it is
important to note that globally there is a great variety of forest types, determined
by a combination of climatic, topographic, and soil conditions (Kaung et al., 2024;
Malozyomov et al., 2024; O'Brien et al, 2022). In this context, increasing species
diversity in forests can significantly enhance their resilience to changes in natural
conditions, including climate fluctuations. Such diversity also contributes to the
preservation of breeding potential and improvement of tree species, ensuring the
maintenance of important functions in the ecosystem (Xu et al., 2023). Forests with
high species diversity exhibit higher productivity and resistance to diseases and
pests, making them a key element in biodiversity conservation strategies.

To effectively manage such diverse forest ecosystems, forests are classified based
on climatic variables and vegetation index data. This allows for the identification
of unique forest types such as tropical forests, taiga, and temperate forests. These
ecosystems require specific management and conservation approaches that consider
their unique characteristics and needs (Bosikov et al., 2024). Understanding these
differences helps develop strategies aimed at the long-term preservation and
restoration of forest ecosystems.

It is worth noting that forests play a key role in the carbon cycle, providing
carbon storage and climate regulation (Silaev et al., 2023). They also contribute
to the conservation of water resources and prevent soil erosion (Schulze, et
al., 2022). In this context, forest biodiversity has a significant impact on their
functioning: studies show that forests with high species diversity are more resilient
and productive compared to monocultures (Filina et al., 2023). Thus, preserving
biodiversity becomes a central task in forest resource management.

Climate change, in turn, has a significant impact on the distribution of forest
ecosystems around the world. Rising temperatures and changing precipitation
patterns lead to shifts in forest zone boundaries, especially in mountainous regions.
For example, mountain forests may gradually move up the slopes in response to
warming, resulting in changes in tree species composition and the loss of unique
high-altitude ecosystems (Zhu et al., 2021). These changes underscore the need to
develop adaptive forest management strategies in a changing climate (Muraviev
et.al., 2012; Beisembetov et.al., 2012).

Moreover, forest fires are an important natural factor that shapes the structure
of forest ecosystems. The frequency and intensity of fires directly affect the
composition of tree species and forest structure, which in turn influences their ability
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to absorb carbon and regulate the climate (Tynchenko et al., 2024). To mitigate the
consequences of uncontrolled forest fires, it is important to use prescribed burns as
a management measure that can maintain the resilience of forest ecosystems.

At a global level, forest cover continues to change under the influence of
various factors. In developing countries such as South America and Africa, there is
a significant reduction in forest areas due to urbanization, expansion of agricultural
lands, and climate change. These changes occur despite efforts for forest restoration
and conservation. At the same time, developed countries like Europe and North
America are experiencing the opposite trend: forest restoration associated with
changes in land-use patterns and active environmental protection policies (Bastin
et al., 2020).

Ultimately, studying the factors that influence forest cover types is necessary
for developing effective strategies for forest conservation and restoration. This
is especially relevant in the context of sustainable natural resource management
and adaptation to climate change. Scientific studies conducted in this area provide
valuable data that can be used to create more sustainable and efficient forest
management models (Galachieva et al., 2023), contributing to their long-term
preservation.

Materials and methods. The parameters under study were taken from the
UCI Machine Learning Repository project. The data are open for various research
purposes. The dataset contains the following parameters:

* Elevation

* Aspect

* Slope

» Horizontal Distance To Hydrology

* Vertical Distance To Hydrology

* Horizontal Distance To Roadways

* Hillshade 9am

* Hillshade Noon

 Hillshade 3pm

* Horizontal Distance To Fire Points

* Wilderness Area (1-4)

* Cover Type—the output parameter consisting of 7 classes. Each class
corresponds to a specific forest type.

To assess the linear dependence between two or more variables, correlation
analysis was applied. This method allows for identifying variables that are important
to the model by measuring the influence of one parameter on another (Koteleva et
al., 2024; Tynchenko et al., 2024).

For data analysis, the machine learning algorithm Random Forest is used, which
consists of multiple independent decision trees. Each tree is built independently,
using a random sample of data and features. This results in a diversity of trees,
which can increase the overall prediction accuracy compared to the accuracy of
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a single tree. The classification model results were evaluated using the following
metrics:

» Accuracy—the ratio of the number of correct predictions to the total number
of predictions made by the model.

* Precision—the proportion of correctly classified positive class objects among
all objects predicted as positive.

* Recall—the proportion of true positive results relative to the total number of
cases in the positive class that the model should have identified.

* Fl-score—the harmonic mean between precision and recall, providing a
balance between them.

Results and discussion. Conducting the correlation analysis was performed after
data preprocessing, which included removing missing values, data normalization,
and error correction. The result of the correlation analysis is presented in Figure 1.
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Figure 1. Correlation Analysis

Using correlation, it was found that the attributes Hillshade 9am and
Hillshade 3pm, as well as Wilderness Areal and Wilderness Area3, have
a strong negative correlation between them. From these dependencies, it
follows that the illumination of the area at different times changes with the
position of the sun, and that areas of the first wilderness area almost never
overlap with those of the third wilderness area.
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The presence of a large number of weak correlations between factors
indicates the possible presence of nonlinear dependencies that cannot be
accounted for in a linear model. To find complex dependencies in the data,
the Random Forest method was applied. The classification matrix of the
obtained model is presented in Figure 2. The model report is provided in

Table 1.
Confusion Matrix
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Figure 2. Classification Matrix
Table 1. Model Report
Class Value Recall F1-score Support
1 0.92 0.91 0.91 63556
2 0.91 0.94 0.93 85078
3 0.91 0.92 0.91 10638
4 0.91 0.79 0.84 795
5 0.94 0.55 0.69 2941
6 0.90 0.80 0.85 5227
7 0.98 0.87 0.92 6069
Precision 0.91 174304
Macro-average 0.92 0.82 0.87 174304
Weighted average 0.92 0.91 0.91 174304
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The classification matrix is used to evaluate the performance of the classification
algorithm, where the rows represent the actual classes and the columns represent the
predicted classes. Each element of the matrix shows the number of examples that
were predicted to belong to the class indicated by the column but actually belong
to the class indicated by the row. Diagonal values represent correct predictions for
each class. Off-diagonal values represent misclassifications. Using the classification
matrix, it was possible to identify classes that are more difficult to distinguish than
others. By comparing the values in the obtained matrix, it was noticed that classes
4 and 5 have more false positives than others. This may be due to the presence of
common or ambiguous features.

The overall accuracy of the model, showing the proportion of all correct
predictions made by the model, is 0.91. Classes with a large amount of support (for
example, classes 1 and 2) have high values across all metrics, indicating good model
performance with frequently occurring classes. Class 5 shows low recall (0.55),
which may indicate that the model has difficulty detecting this class, possibly due
to a small amount of training data or insufficient feature distinction.

Let us proceed to the analysis of the model's feature importance (Figure 3).

Feature Importances
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Figure 3. Feature Importance of the Model

This type of visualization shows that the most significant feature is Elevation
(height above sea level). Horizontal Distance To Roadways (horizontal distance
to the nearest road) and Horizontal Distance To Fire Points (horizontal distance
to the location where a fire occurred) are less important features.

These results underscore the importance of topographic and geographic factors
in forest cover studies. For example, elevation can affect types of vegetation,
water availability, climatic conditions, and consequently, the type of forest cover.
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Similarly, the horizontal distance to roads influences human accessibility and the
level of anthropogenic impact, which can lead to changes in forest communities
and their structure. Likewise, the distance to the nearest fire points may indicate
risks associated with forest fires, which can radically change the composition and
structure of forests.

Conclusion. In the course of this study, ecological parameters influencing forest
cover types were analyzed using the Random Forest method. The constructed
model has an accuracy of 91%. Based on data on elevation above sea level,
horizontal distance to roads, and fire points, it was possible to significantly improve
the understanding of the relationships between landscape characteristics and the
distribution of various forest types.

The obtained results can be used to optimize forest resource management,
develop measures to prevent fires, and conserve biodiversity. Further research
can expand our knowledge of the influence of other anthropogenic and natural
factors, such as waterlogging, land-use changes, and pollution. This will allow
for the development of more effective strategies for adapting forest ecosystems to
changing environmental conditions.

In conclusion, this study confirmed that a comprehensive analysis of
ecological parameters using machine learning methods opens up new prospects
for understanding the dynamics and resilience of forest ecosystems under global

changes.
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