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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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Аннотация. Инфрақұрылымның қартаюы және бюджеттік ресурстардың 
жетіспеушілігі жағдайында муниципалитеттер активтерді күтіп ұстау және 
модернизациялау бойынша негізделген шешімдер қабылдау қажеттілігіне 
көбірек тап болуда. Бұл зерттеудің мақсаты – машиналық оқыту әдістерін 
пайдалана отырып, муниципалды меншіктің тәуекелдерін интеллектуалды 
бағалау моделін әзірлеу және енгізу. Зерттеу сатып алу күні, құны, жіктелуі 
және IT секторына қатыстылығы туралы мәліметтері бар мемлекеттік 
мекемелердің жеке активтерінің 620 000-нан астам жазбаларының нақты 
деректер жиынтығына негізделген. Техникалық және пайдалану жағдайын 
көрсететін ерекшеліктер әзірленді: активтің жасы, тозу деңгейі, пайдалану 
қарқындылығы және т.б. Активтер салалық стандарттарға сәйкес логикалық 
шарттар негізінде автоматты түрде «жоғары тәуекелді» немесе «тәуекелділігі 
төмен» болып жіктеледі. Болжамды модельдерді құру үшін логистикалық 
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регрессия, кездейсоқ орман және XGBoost алгоритмдері пайдаланылды. XG-
Boost моделі ең жоғары дәлдікті (ROC-AUC: 0,9991) көрсетті, бұл жалған және 
қабылданбаған оң нәтижелердің санын азайтты. Ерекшелік маңыздылығын 
талдау тозу деңгейінің, жастың және пайдалану қарқындылығының шешуші 
рөлін растады. Алынған нәтижелерді шешім қабылдауды қолдау және реактивті 
қызметтен проактивті техникалық қызмет көрсетуге көшу үшін активтерді 
басқарудың цифрлық платформаларына біріктіруге болады. Жұмыс қалалық 
инфрақұрылымды тұрақты және тиімді басқару міндеттерінде машиналық 
оқытудың жоғары қолданылуын көрсетеді.

Түйін сөздер: активтер тәуекелін бағалау, муниципалдық меншік, 
машиналық оқыту, болжамды талдау
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Аннотация. В условиях стареющей инфраструктуры и нехватки 
бюджетных ресурсов муниципалитетам все чаще приходится принимать 
обоснованные решения по обслуживанию и модернизации активов. Целью 
данного исследования является разработка и внедрение модели интеллектуальной 
оценки рисков муниципальной собственности с использованием методов 
машинного обучения. За основу был взят реальный набор данных из более чем 
620 000 записей личных активов государственных учреждений с информацией о 
дате приобретения, стоимости, классификации и принадлежности к ИТ-сектору. 
Были разработаны признаки, отражающие техническое и эксплуатационное 
состояние: возраст активов, уровень амортизации, интенсивность использования 
и т.д. Активы автоматически классифицировались как «высокорисковые» или 
«низкорисковые» на основе логических условий, соответствующих отраслевым 
стандартам. Для построения прогностических моделей использовались 
алгоритмы логистической регрессии, случайного леса и XGBoost. Модель 
XGBoost показала наивысшую точность (ROC-AUC: 0,9991), минимизировав 
количество ложных и пропущенных положительных результатов. Анализ 
важности признаков подтвердил решающую роль уровня износа, возраста 
и интенсивности использования. Полученные результаты могут быть 
интегрированы в платформы управления цифровыми активами для поддержки 
принятия решений и перехода от реактивного к проактивному обслуживанию. 
Работа демонстрирует высокую применимость машинного обучения в задачах 
устойчивого и эффективного управления городской инфраструктурой.

Ключевые слова: оценка риска активов, муниципальная собственность, 
машинное обучение, предиктивная аналитика 
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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, IT 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;
• Error matrices;
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• 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 F1-score ROC-

AUC
Logistic Regression 0,9845 0.9981 0.9799 0.9889 0.9914

Random Forest 0.9948 0.9967 0.9945 0.9956 0.9978

XGBoost 0,9960 0,9993 0,9837 0,9914 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 

Forest
XGBoost

ASSET_AGE average most import-
ant

low

DEPRECIATION weak very import-
ant

most important

USAGE_
INTENSITY

dominant significant moderate

VALUE_OR_COST almost zero weak zero
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IT_OR_NON-IT moderate moderate zero
PROPERTY_
CLASSIFICATION

almost zero zero zero

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 
Positives

False Negatives False Positives True 
Negatives

L o g i s t i c 
Regression	

72,097 1,478 133 48,096

R a n d o m 
Forest	

73,173	 402 243 47,986

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)
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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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