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Abstract. In the context of aging infrastructure and a shortage of budget-
ary resources, municipalities increasingly need to make informed decisions on asset
maintenance and modernization. This study aims to develop and implement a model
for intelligent risk assessment of municipal property using machine learning meth-
ods. A real dataset of over 620,000 records of personal assets of government agencies
with information on the acquisition date, cost, classification, and affiliation with the
IT sector was used as a basis. Features reflecting the technical and operational condi-
tion were developed: asset age, level of depreciation, intensity of use, etc. Assets were
automatically classified as “high-risk or “low-risk” based on logical conditions con-
sistent with industry standards. Logistic regression, Random Forest, and XGBoost
algorithms were used to build predictive models. The XGBoost model showed the
highest accuracy (ROC-AUC: 0.9991), minimizing the number of false and missed
positives. Feature importance analysis confirmed the decisive role of deterioration
level, age and intensity of use. The obtained results can be integrated into digital
asset management platforms to support decision-making and transition from reactive
to proactive maintenance. The work demonstrates the high applicability of machine
learning in the tasks of sustainable and efficient management of urban infrastructure.

Keywords: asset risk assessment, municipal property, machine learning, pre-
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AHHoTanus. IHQpaKypbUIBIMHBIH KapTaIObl )K9HE OF0JKETTIK peCypCTap/IblH
JKETICTICYIIUTITT JKaFIaibIHa MYHHUITUTIATUTETTEP aKTUBTEPAl KYTINl yCTay >KOHE
MOJIepHU3alMsiIay OOWBIHINIA HETI3NENreH IIenriMaep KaObUiay KaKeTTiTiriHe
ke0ipek Tam Oomyna. by 3epTreymiH MakcaThl — MAaIIMHAIBIK OKBITY OIICTEPIH
naiilanaHa OTBHIPBIN, MYHHUIMMAIAB MEHIINKTIH TOyeKeJAepiH HHTEIICKTYalabl
Oarasiay MOJEIIH 93ipJiey >KOHE €HTi3y. 3epTTey caThill aly KyHi, KYHBI, JKIKTeIyl
#oHe IT cekTopblHA KATBICTBUIBIFBI Typajibl MJIIMETTEpl 0ap MEMJIEKETTIK
MekemenepiH Jkeke akTtuBTepiHiH 620 000-HaH actam a30ajapblHBIH HAKThI
JEPEKTep KUBIHTHIFBIHA HETI3/ENTreH. TEeXHUKANBIK KOHE TMaiiaiaHy KarIalbiH
KOPCETETIH EepeKIIETIKTep 93IpJeH/Al: aKTUBTIH >Kachkl, TO3y JEHreil, HailnanaHy
KapKbIH/IBUIBIFBI JKoHE T.0. AKTHUBTEp cajallblK CTaHIApTTapFa COMKeC JIOIMKAJIbIK
LIapTTap HETI31HAe aBTOMATTHI TYPJE «OKOFapbl TOYEKENI» HEMECe «TIyeKeIUIIri
TeMeH» OoJbIN >KikTenenal. bomkamabsl Mozenbaepal Kypy YLIIH JOTMCTHKAJIBIK
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perpeccusi, ke3nencok opman xoHe XGBoost anropurMaepi naiinanansuiasl. XG-
Boost monemni en xorapsl gonaikTi (ROC-AUC: 0,9991) xkepcetti, Oy jxanFaH xKoHe
KaObUIIaHOAFaH OH HOTWDKENIEP/iH CaHBIH a3aiTThl. EpeKmnienik MaHbI3AbUIBIFbIH
Tajnay To3y JEHreHiHiH, >KaCThIH JKOHE MaiiaiaHy KapKbIHIBUIBIFBIHBIH IIEIIYIII
peIiH pacTaabl. ATBIHFAH HOTIKEIEP/Il IeTiM KaObLUTay/ 16l KOJIAAY dKOHE PeaKTHBTI
KBI3METTEH TMPOAKTUBTI TEXHHUKAJBIK KBI3MET KOPCETYre KOIly YIIiH aKTHBTEP.i
OackapyabiH UGPIBIK Mm1aTGopmanapbiHa OipikTipyre 6omaapl. JKyMbIC KallaabIK
MHQPPAKYPbUIBIMIBI TYPAKThl KOHE THIMII Oackapy MiHAETTepiHAE MAaIIMHAJIBIK
OKBITY/IBIH JKOFapbI KOJIIAHBLTYBIH KOPCETEI1.

Tyiiin ce3aep: akTUBTEp TOyeKeNiH Oaranay, MYHULUMAIJIBIK MEHIIIK,
MAaIIHHAIBIK OKBITY, OOKaMIbI TAIIAY

Joiiekco3nep ymin: E.b. TynebaeB, A.A. MyxanoBa, H. ['opanumn.
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AHHoTanusi. B ycnoBusix craperomeid WHPPACTPYKTYphl U HEXBATKU
OIOJKETHBIX PECYpCOB MYHHUIMIIAJIUTETAM BCE Yalle MPUXOJUTCS NPUHUMATD
000CHOBaHHbIE pEIlIEHUsI MO OOCITYXKMBAaHUIO M MOJAEpHU3aLMU akTHUBOB. Llenbto
JTAHHOTO MCCIIETOBAHUSI ABIIAETCSA pa3pad0TKa BHEAPEHUE MOICIIM UHTEIJIEKTY aTbHOM
OLIEHKA PHCKOB MYHHIIMIIATbHON COOCTBEHHOCTH C HCIOJB30BAHUEM METOJIOB
MAaIIMHHOTO 00yuyeHus. 32 OCHOBY ObLI B3SIT pealibHbII HA0Op JaHHBIX U3 OoJiee ueM
620 000 3amucei IMYHBIX AKTUBOB F'OCYIAPCTBEHHBIX YUPEIKICHUH ¢ HHPOPMAIIHEH O
Jate npuoOpeTeHusi, CTONMOCTH, KJIACCU(PHUKAIINY U TPUHAIeKHOCTH K U T-cekTopy.
bouin pa3paboTaHbl NpU3HAKH, OTPAKAlOIIME TEXHUYECKOE U AKCIUTyaTallMOHHOE
COCTOSIHME: BO3PACT AKTUBOB, YPOBEHb AMOPTHU3ALIMH, UHTEHCUBHOCTb UCIIOJIb30BaHUS
U T.1. AKTUBBI aBTOMaTHYECKH KIACCU(DUIIUPOBAIUCH KAK «BBICOKOPUCKOBBIC» WIIN
«HU3KOPUCKOBBIE» Ha OCHOBE JIOTMUECKHX YCIIOBUH, COOTBETCTBYIOIINUX OTPACIIEBBIM
craHgapraMm. s TOCTpPOEHHsS MPOTHOCTUYECKUX MOJENEH HCIOIb30BAIUCH
AITOPUTMBI JIOTUCTUYECKOW perpeccuu, ciydaiiHoro yeca u XGBoost. Moaens
XGBoost nokazana Hausbiciryto TouHocTh (ROC-AUC: 0,9991), MmunuMusupoBan
KOJMYECTBO JIOKHBIX M TMPOMYIICHHBIX IOJIOXKUTEIbHBIX PE3yJIbTaTOB. AHaIU3
BaXHOCTU IPU3HAKOB IOATBEPAW PEIIAIONIYI0 POJb YPOBHS H3HOCA, BO3pacTa
U MHTEHCUBHOCTH UCHOJb30BaHUS. [lonydyeHHble pe3ylbTaTbl MOTYT ObITh
UHTETPUPOBAHBI B MIIATGOPMBI YIIpaBiIeHUs HU(PPOBBIMUA aKTUBAMH IS TIOJACPKKI
NPUHATHS PEIICHUH U Iepexo/ia OT PEaKTUBHOTO K MPOAKTUBHOMY OOCITYKHBAHHUIO.
Pabota nemoHCTpUpPYET BHICOKYIO IPUMEHUMOCTh MAIIUHHOTO 00yUY€eHUs B 3a/1a4ax
yCTOWYMBOTO U 3((HEKTUBHOTO yNPaBICHUs TOPOICKONH HHPPACTPYKTYPOH.

KiroueBble c10Ba: OlleHKa pUCKa aKTUBOB, MyHUIIUTIANIbHAS COOCTBEHHOCTb,
MalIMHHOE 00y4YeHHE, IPEIUKTUBHAS aHAIUTUKA

Jasi uutupoBanusi: E.b. TynebaeB, A.A. MyxanoBa, H. ['opanumh.
[Iporno3Has o1ieHKa pUCKOB MyHHUIMTIAIbHBIX aKTHBOB C UCIIOJIb30BaHUEM MAILTUHHOTO
oOy4YeHHusi: MOJEIUPOBAHME BO3PACTa, M3HOCA U MCIIOJIB30BAHUS Uil MPUHATHUS
pemieHuit Mo oOcuyxuBaHuo // MexayHapoAHbIN >KypHal UH()OPMAILIMOHHBIX U
KOMMYHUKAIIMOHHBIX TexHonorui. 2025. T. 6. No. 22. Ctp. 186—-199. (Ha awur.).
https://doi.org/10.54309/1JICT.2025.22.2.012.

KondaukT uHTepecoB: aBTOPHI 3asBIAIOT 00 OTCYTCTBUUM KOH(IMKTA
UHTEPECOB.

Introduction

In recent decades, cities and towns around the world have been facing the
problem of rapidly aging and deteriorating infrastructure. Municipal assets — from
IT equipment and office furniture to medical and engineering infrastructure — re-
quire regular maintenance, renewal, and replacement. However, resources for these
purposes are limited, and decision-making mechanisms are often based on subjective
assessments, outdated regulations, or formal indicators such as the age or cost of
the asset. This approach does not always reflect the actual technical condition of the
property and can lead to inefficient budget allocation, increased operational risks, and
deterioration in the quality of municipal services.
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In this regard, there is a growing need to develop assessment tools that allow
for accurate and timely identification of assets with a high risk of failure or need for
replacement. Such tools must be scalable, interpretable, adaptable to different types
of assets, and take into account both physical characteristics and operating condi-
tions. The most promising direction in this area is the use of data analysis and ma-
chine learning methods that allow you to identify hidden dependencies and build
predictive models based on historical and current data. Data science and advanced
analytics, especially machine learning methods, can provide actionable insights and
deeper knowledge about data, making the computing process automatic and intelli-
gent, providing decision support in various application areas. (Sarker, 2021)

Modern municipalities accumulate significant amounts of information about
assets - including the date of acquisition, cost, classification, intensity of use, depre-
ciation characteristics and even georeferencing. However, this data is rarely used to
build intelligent decision support systems. In most cases, they act only as reference
information, while their potential for predicting technical condition remains untapped.

There are already a number of examples of using predictive analytics for in-
frastructure management tasks in global practice. For example, in the energy sector,
models are used to assess the risk of transformer failure, in the water sector to predict
pipe deterioration (Taiwo et al., 2025), in the transportation sector to prioritize road
maintenance, and to identify climate-related failures in rail infrastructure using ma-
chine learning (Soleimani-Chamkhorami et al., 2024), as well as to predict the risk of
stablecoin decoupling in finance (Lee et al., 2025), to predict the risk-return trade-off
in financial markets for asset management (Yarbakhsh et al., 2025), or to predict the
future value of investments (Parisi & Manaog, 2025), or to predict the risk of viral
failure in adolescents living with HIV (Kizito et al., 2025). However, at the municipal
property level, especially in the non-production asset segment, such as office equip-
ment, [T systems or furniture, such approaches have been applied to a limited extent.
One of the reasons is the lack of unified assessment methods that take into account
the specifics of such assets.

This study aims to fill this gap. We propose an intelligent risk assessment mod-
el that is based on structured asset data and uses machine learning methods to build a
classification model. As part of the work, we carried out careful feature engineering,
which allows taking into account not only the age and value of the property, but also
such characteristics as intensity of use, affiliation with the IT sector, as well as the
level of depreciation calculated taking into account the expected service life. This
provides a more complete and objective picture of the technical condition of each as-
set. Similar approaches to the development of machine learning-based tools for man-
aging specific assets, such as sewer pipeline networks, are also actively developing
in the scientific literature (Stengel et al., 2024). It is also important to emphasize that
the proposed model is not a “black box” — on the contrary, we pay great attention to
the interpretability of the results. For this purpose, in addition to high-precision al-
gorithms such as XGBoost, the study includes logistic regression, which allows for a
visual assessment of the impact of each feature on the final decision. The importance
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of features, error matrices, and ROC curves are also analyzed, making the model suit-
able for integration into real asset management and decision-making systems.

This study therefore has two key objectives. First, it demonstrates the applica-
bility of modern machine learning algorithms to the task of predicting the risk of mu-
nicipal asset renewal. Second, it offers a practical toolkit that can be integrated into
existing urban information systems and used to formulate proactive asset manage-
ment policies. Given the rapid development of technologies and the growing interest
in the digital transformation of cities, such a model can be an important step towards
smart and sustainable municipal systems.

Objective of the Study

The objective of this study is to develop, implement and evaluate the effec-
tiveness of an intelligent model for classifying municipal asset risks using machine
learning methods. The focus is on building a predictive system that can accurately
identify assets with a high risk of failure based on such attributes as age, depreciation
level, intensity of use, IT category, cost, and formal parameters, including asset clas-
sification.

The main challenge is to move from reactive management to proactive man-
agement, where decisions on asset maintenance and replacement are made not on the
basis of a calendar service life or subjective assessment, but on the basis of objective,
quantifiable characteristics obtained by analyzing large amounts of data. The devel-
oped model should not only be highly accurate, but also interpretable so that it can
be integrated into decision support systems of city administrations, IT and finance
departments. In addition, the study is intended to demonstrate the potential of such
models in the context of digital transformation of urban infrastructure management
and sustainable development of municipal systems.

Methodology

The methodology of this study is based on the sequential implementation of
the stages of data collection, cleaning and analysis, feature engineering, target vari-
able construction and training of machine learning models. Each step was aimed at
achieving high prediction accuracy, model interpretability and practical utility of the
results.

The source material was a combined dataset of more than 627,000 municipal
asset records, presented as a CSV file. Each record contains fields such as agency
code, asset name, acquisition or installation date, cost, classification, IT affiliation,
year and type of ownership. After initial cleaning and removal of rows with critically
missing values (e.g. without acquisition date), the final sample consisted of 609,017
records.

The following steps were implemented to create meaningful features:

*» Asset age (ASSET AGE): calculated as the difference between 2025 and the
year of asset installation.

* Depreciation level (DEPRECIATION): calculated as a percentage based on
the expected service life depending on the asset type. For example, for IT equipment
- 5 years, for infrastructure - 30 years.
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* Usage intensity (USAGE INTENSITY): assigned a value from 1 to 4 de-
pending on the equipment type. IT and medical equipment received higher values.

* Asset type (PROPERTY TYPE REFINED): assigned based on keywords
in the asset name. For example, the words “laptop” or “server” classified the asset as
an IT category.

All categorical features (such as PROPERTY CLASSIFICATION and IT
OR_NON-IT) were encoded using the Label Encoding method.

The target variable HIGH_RISK was formed according to heuristic rules. An
asset was considered high risk (value 1) if it met at least two of the following condi-
tions:

* age exceeds a threshold (e.g. 6 years for IT assets);

* depreciation level exceeds 60%;

* high intensity of use.

This has resulted in a balanced, interpretable, and practically applicable risk
metric. In this context, hierarchical modeling can be effectively used to overcome the
challenges of insufficient data and subgroup heterogeneity while providing a quan-
titative assessment of prediction uncertainty. (Dhada et al., 2024) It is important to
note, however, that to achieve high failure prediction accuracy, especially in large-
scale networks such as water supply networks, it is necessary to consider not only
individual asset attributes but also their relationships in the network (structural infor-
mation) and failure patterns over time. (Liang et al., 2021)

Three algorithms were selected to build the risk prediction model:

* Random Forest — as an interpretable ensemble method;

* Logistic Regression — for a linear approach and feature influence assess-
ment;

* XGBoost — as a powerful boosting algorithm capable of handling complex
dependencies.

These and other machine and deep learning algorithms are widely used in
predictive maintenance of industrial equipment to solve classification and regression
problems. (Zhang et al., 2019)

The data was divided into training and test sets in a ratio of 80/20. After train-
ing, the models predicted both classes (0 or 1) and probabilities, which were used to
calculate quality metrics. Such approaches to predicting the remaining service life of
assets and supporting decisions on their renewal, including the use of advanced data
analysis and machine learning methods, are actively used, including in the electric
power sector to optimize maintenance and replacement planning. (Santiago et al.,
2023)

The following metrics were used to evaluate the effectiveness:

* Accuracy;

» Recall and Precision;

* F1-measure;

* ROC-AUC;

e Error matrices;

0 This work 1s licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
@,‘;- International License
192



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

* Feature importance graphs.

The results of the models were compared both by numerical metrics and visu-
ally (via ROC curves and heat maps of error matrices).

Results

During the validation phase, the machine learning models demonstrated high
accuracy values for classifying assets by risk. The best result was shown by the XG-
Boost model, achieving a ROC-AUC value of 0.9991, indicating a near-perfect sep-
aration of classes. However, despite the good performance of traditional machine
learning models such as XGBoost, research shows that for failure prediction in large
networks such as water utilities, where not only individual asset information but also
their relationships are important, graph neural networks can demonstrate superior
results by leveraging structural information and taking into account temporal failure
patterns. (Liang et al., 2021) The Random Forest model also showed excellent re-
sults (ROC-AUC: 0.9978), slightly inferior to XGBoost. Logistic regression, despite
a lower score (0.9914), remained a valuable tool due to its high interpretability.

Table 1. Model Performance Evaluation

Model Accuracy |Precision |Recall Fl-score [ROC-
AUC
Logistic Regression |0,9845 0.9981 0.9799 10.9889 0.9914
Random Forest 0.9948 0.9967 0.9945 10.9956 0.9978
XGBoost 0,9960 0,9993 0,9837 10,9914 0,9991

The feature importance assessment showed that the most significant variables
for all models were technical characteristics related to asset depreciation and age.
This was especially evident in XGBoost, where the depreciation level (DEPRECI-
ATION) became the key indicator. In logistic regression, the intensity of use played
a dominant role, and in Random Forest, age, depreciation, and IT ownership made a
balanced contribution.

Table 2. Comparison of Feature Importance by Machine Learning Models

Feature Logistic Regression Random XGBoost
Forest

ASSET AGE average most import- | low
ant

DEPRECIATION | weak very import- | most important
ant

USAGE dominant significant moderate

INTENSITY

VALUE OR_COST | almost zero weak Zero
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IT OR NON-IT moderate moderate Zero
PROPERTY _ almost zero Zero Zero
CLASSIFICATION

This table allows us to draw conclusions about the differences in the logic of
the models. XGBoost, as a model more sensitive to structural patterns, emphasizes
physical depreciation, while logistic regression focuses on linear dependencies, such
as usage intensity.

Confusion matrices confirmed the high accuracy of all models, especially in
identifying high-risk assets. XGBoost has the minimum number of false positives (FP
= 51), while logistic regression missed more risky assets (FN = 1478), which poten-

tially reduces its applicability in critical systems.
Table 3. Comparison of Confusion Matrix Values by Machine Learning Mod-

els

Model T r u e|False Negatives |False Positives | True
Positives Negatives

Logistic| 72,097 1,478 133 48,096

Regression

Random]|73,173 402 243 47,986

Forest

XGBoost | 72,379 1,196 51 48,178

ROC curves visualized the differences in the sensitivity of the models. XG-
Boost and Random Forest demonstrated the best curve shape, close to the upper left
corner, indicating the ability to accurately separate the classes. The logistic regression
curve was slightly lower, indicating a higher proportion of false negatives. As can be
seen from Figure 1, all three models demonstrated high classification performance.
XGBoost and Random Forest are visually close to the ideal classifier, while logistic
regression shows a slightly smaller area under the curve.

Discussion. The results obtained during the study provide an in-depth anal-
ysis of the potential and limitations of machine learning methods in the life cycle
management of municipal assets. They demonstrate that even with a limited set of
features, such as age, depreciation, intensity of use, and classification attributes, it is
possible to achieve high accuracy in determining the risk associated with a particular
asset. (Forero-Ortiz et al., 2023)

0 This work 1s licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
@,1 International License
194




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

ROC Curve Comparison
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Fig. 1. Comparison of ROC curves of Random Forest, Logistic Regression and XGBoost models for classifying

municipal assets by risk level.

The first thing that the analysis draws attention to is the high accuracy of all
three models, despite the difference in their algorithmic nature. XGBoost demonstrat-
ed the best ability to distinguish between risky and non-risky assets, with a virtually
perfect ROC-AUC value (0.9991), indicating extremely high sensitivity and speci-
ficity. This is explained by the internal boosting mechanism, which allows the model
to consistently minimize the error of previous trees and consider complex nonlinear
relationships between features.

Random Forest, although inferior to XGBoost in accuracy, showed the best
balance between the number of false positives and false negatives. Its ability to identi-
fy truly risky assets (True Positives) turned out to be higher, which makes it especial-
ly attractive for practical application in conditions where the priority is to minimize
technical failures.

Despite lower accuracy rates, logistic regression plays an important role as an
interpretable model. Its coefficients allow for a direct assessment of the contribution
of each attribute to the final decision, which is critical when it comes to justifying
management actions to stakeholders such as finance departments, audit services, or
public observers.

Equally important is the analysis of the importance of attributes. Almost all
models confirmed the key role of operational characteristics, primarily the level of
wear and tear and age. This confirms the hypothesis that it is the technical condition,
rather than accounting parameters, which determines the actual risk associated with
an asset. At the same time, attributes such as formal classification or cost turned out
to be of low significance. This opens the way to rethinking existing methods of in-
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ventory and property valuation, in which cost is often used as the main prioritization
criterion.

Usage intensity was a particularly significant factor in the logistic regression.
This is understandable, since high frequency of use directly affects the service life
of equipment, especially in the case of IT and medical assets. This feature, despite
its subjectivity (it was set manually), showed a stable correlation with the risk level.
This provides grounds for further development of the automated usage monitoring
direction, for example, through the implementation of sensors or accounting systems.
From a practical point of view, the proposed model is a valuable tool for the digitali-
zation of asset management processes. It can be integrated into existing information
systems, creating a single analytical space in which lists of assets with a high update
priority are automatically generated. Such machine learning-based solutions can sig-
nificantly improve asset maintenance and management priorities by automating pro-
cesses such as criticality analysis and predicting the condition of equipment based on
sensor data. (Hanish Nithin et al., 2022) Moreover, the results can be used to justify
budget requests, draw up technical specifications, prepare tender documentation, and
monitor the execution of contracts for the supply and modernization of property.

An important aspect is the scalability of the model. It can be adapted to assets
of various levels: from a single building or department to the entire city infrastruc-
ture. With a centralized database and automatic sources of information (e.g., APIs of
accounting systems, registration registries, sensor platforms), the model can perform
risk assessment in real time.

The interpretability of the model is also straightforward. In addition to logistic
regression, SHAP (SHapley Additive exPlanations) methods can be used for more
complex models, which allow you to visualize the contribution of each feature to
the prediction for a specific asset. This makes the algorithm not only predictable, but
also transparent, which is especially important in the context of public reporting and
compliance with the principles of open governance.

The limitations cannot be ignored. Firstly, the model depends on the quality of
the source data. Missing values, incorrect values, and inconsistent formats can signifi-
cantly affect the accuracy of predictions. This study took steps to clean and normalize
the data, but in real conditions, validation procedures at the data entry level would
need to be implemented. Secondly, the current model does not consider spatial and
temporal characteristics, such as asset location, repair history, operating conditions
(e.g., climate). Their inclusion in the future can significantly improve the accuracy of
the assessment.

Despite this, even the current version of the model provides a powerful ana-
lytical tool that can change the approach to municipal asset management. It facilitates
the transition from a reactive approach (“replace when it breaks™) to a proactive one
(“service when the predictive model shows a high risk of failure”), which in turn
leads to cost reduction, increased reliability and sustainability of urban infrastructure.

Thus, the discussion shows that the developed algorithm is not just an exper-
imental solution, but a ready-to-use tool that can improve the efficiency of municipal
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asset management. Its implementation opens the way to the creation of smart cities,
where resources are used as rationally as possible, and the risks of technical failures
are minimized through predictive analytics.

Conclusion

During this study, an intelligent model for assessing the risk of municipal as-
sets based on modern machine learning algorithms was developed and tested. The use
of a large amount of data, including information on more than 600 thousand units of
property, allowed not only to identify the most significant risk indicators, but also to
prove that even a limited data set in structure and volume can serve as a reliable basis
for the formation of accurate and practically applicable models.

The key advantage of the proposed approach is the transition from static, reg-
ulated assessment methods (based, as a rule, on calendar age or accounting value) to
a dynamic system based on data on technical and operational condition. This opens
new horizons in asset lifecycle management - from budget planning and preventive
maintenance to strategic renewal of the material and technical base of municipalities.

The modeling results showed that the XGBoost model was the most effective
in terms of accuracy and stability. It achieved a ROC-AUC value of 0.9991, mini-
mizing the number of both false positives and false negatives. At the same time, the
Random Forest model demonstrated more balanced performance in scenarios with
limited explainability, and logistic regression provided high interpretability, which
makes it useful in the context of substantiating management decisions.

Of value is the analysis of the importance of features. It was found that such
parameters as depreciation (calculated based on age and standard service life), in-
tensity of use and type (e.g., IT or infrastructure) have the greatest impact on the
probability of asset failure. In contrast, such indicators as original cost or property
classification turned out to be poorly informative. This allows us to rethink the princi-
ples of accounting and valuation of assets in state registries, focusing on operational
characteristics.

The developed model can be easily scaled and adapted to specific tasks and
conditions of various cities, regions and departments. It can be integrated into ex-
isting asset management platforms and become the basis for the implementation of
predictive maintenance modules. In combination with the Internet of Things (IoT),
geographic information systems (GIS) and digital twins, this model can become a key
element of the smart infrastructure of the city of the future.

Despite the results achieved, the author is aware of several limitations. The
current study did not consider spatial features, time trends, climatic and operational
conditions. Future work plans to supplement the model with these parameters, as well
as use explainable machine learning methods, such as SHAP, to increase the transpar-
ency of decisions.

Thus, this study demonstrates that machine learning technologies have high
potential in the field of sustainable, proactive and informed management of municipal
assets. Their implementation will significantly increase the reliability of urban infra-
structure, reduce repair and modernization costs, and improve the quality of services
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provided to the population.

Prospects

The development of an intelligent model for assessing the risk of municipal
assets opens broad opportunities for further development in both scientific and prac-
tical terms. One of the priority areas is the inclusion of spatial data (geolocations, cli-
mate zones, type of coverage of buildings and objects), which will allow considering
the territorial features of asset operation.

In the future, the model can be supplemented with time characteristics, includ-
ing maintenance history, frequency of repairs, and peak load seasons. This will allow
moving from static to dynamic risk assessment and introducing predictive mainte-
nance approaches.

It is also planned to use explainable machine learning tools, such as SHAP
(SHapley Additive exPlanations), which will ensure transparency of predictions even
for complex models such as XGBoost. This is especially important in the context of
open management when it is necessary to justify decisions to the public and regula-
tory authorities.

An additional vector is the development of asset clustering and segmentation
modules, which will allow for strategic grouping by risk type, cost and renewal prior-
ity. All this will contribute to the formation of sustainable, manageable and digitally

transformed urban systems.
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