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Abstract 

This article examines the theoretical and practical aspects of 

applying machine learning methods to forecasting financial flows 

in logistics systems. It presents the historical evolution of 

approaches to analyzing and forecasting economic processes, from 

classical statistical methods to modern machine learning 

algorithms. Particular attention is paid to the specifics of financial 

flows in logistics, their relationship with material flows, and the 

influence of external factors. 

The main machine learning methods, including linear models, 

ensemble algorithms, and neural networks, are analyzed for their 

applicability to forecasting problems. The stages of data 

preparation, feature selection, and model quality assessment are 

discussed. The advantages and limitations of using these methods 

in the face of uncertainty and the complex structure of logistics 

systems are identified. 

The feasibility of implementing intelligent methods in financial 

flow management processes is substantiated, and prospects for 

their further development and integration with modern digital 

technologies are demonstrated. The research results can be used to 

improve the efficiency of resource planning and management in 

logistics systems. 

Scientific Novelty. The scientific novelty of this study lies in its 

integrated approach to the application of machine learning 

methods to forecasting financial flows in logistics systems, taking 

into account their systemic interconnectedness and dynamic 

nature. The paper proposes combining various classes of machine 

learning algorithms to improve forecasting accuracy under 

uncertainty and nonlinear dependencies. The need to consider 

specific logistics factors, including material flow parameters and 

operating costs, when developing the feature space of models is 

substantiated. The role of integrating streaming data and digital 

technologies in improving the adaptability of forecast models is 

also explored. 
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Purpose of the Study. The purpose of this study is to develop and 

validate approaches to the application of machine learning 

methods to improve the accuracy and reliability of financial flow 

forecasting in logistics systems based on an analysis of their 

structure, influencing factors, and operational characteristics. 

Keywords: Machine learning, financial flows, logistics systems, forecasting, neural 

networks, ensemble methods, data analysis, time series, optimization, digital logistics. 
 

 

 

Introduction 

The development of methods for analyzing and forecasting economic processes throughout history 

is closely linked to the evolution of mathematical tools and computing technologies. As early as 

the nineteenth and early twentieth century, economists attempted to formalize the dynamics of 

cash flows, but limited computing resources prevented them from accounting for the complex 

relationships and uncertainty inherent in real systems. The advent of the first computers in the 

mid-twentieth century ushered in a new era of applying statistical methods and regression analysis 

to forecasting problems. 

The late twentieth century saw a quantum leap driven by the development of artificial neural 

network theory and the increase in available computing power. This made it possible to process 

large volumes of data and identify hidden patterns in complex systems. At the beginning of the 

twenty-first century, machine learning methods began to be actively applied in finance, including 

banking, insurance, and investment management. At the same time, logistics systems, the 

backbone of the global economy, also began to integrate intelligent data analysis methods. 

The development of theoretical concepts regarding the application of machine learning to project 

success forecasting has occurred in several stages, reflecting the evolution of both machine 

learning technologies themselves and the understanding of the success factors of innovative 

projects. Initially, research focused on the application of basic statistical methods to analyze 

project financial indicators. The current stage is characterized by a shift toward the use of complex 

machine learning algorithms capable of analyzing multidimensional data and identifying nonlinear 

relationships between project success factors. According to current research, machine learning 

technology has completely transformed the way forecasting tasks are performed, making them 

more accurate and efficient [1]. 

Modern logistics systems are characterized by a high degree of complexity, numerous 

interconnected elements, and significant uncertainty. Financial flows in such systems are 

influenced by a large number of factors, including product demand, transportation costs, inventory 

levels, and external economic conditions. Under these conditions, traditional forecasting methods 

prove ineffective, making machine learning techniques relevant. 

The aim of this article is to explore the possibilities of applying machine learning methods to 

forecasting financial flows in logistics systems, as well as to analyze their advantages and 

limitations. 
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Theoretical Foundations of Financial Flows in Logistics Systems. The importance of effective 

financial flow management at the current stage of economic development in macroeconomic terms 

is undeniable. However, the importance and relevance of efficient financial flows at the micro 

level are no less, and perhaps even more significant, given the dynamics of modern economic 

systems. One of the key features of the current economic development is its service focus. The 

application of a traditionally established logistics methodology in the service sector offers a vast 

field for research and the development of opportunities that improve the overall efficiency of the 

service sector. Logistics studies the emergence, transformation, and consumption of primary and 

secondary flows in a given economic system with the aim of optimizing resources. A flow is one 

or more objects perceived as a single whole, existing as a process over a certain interval, and 

measured in absolute units. Primary flows are material or service flows. Accompanying material 

flows are financial, information, and service flows. Accompanying service flows are information 

and financial flows. Service – flows of services (intangible activities, special types of products or 

goods) generated by the logistics system as a whole or its subsystem (link, element) in order to 

satisfy the external or internal needs of a business organization [2]. 

Financial flows in logistics systems represent the cash flow associated with logistics operations. 

They include payments to suppliers, transportation costs, warehouse expenses, and customer 

receipts. Effective financial flow management is a key factor in a company's sustainability and 

competitiveness. 

From a systems approach, a logistics system is viewed as a set of interconnected elements, 

including suppliers, production units, warehouses, and distribution channels. Financial flows 

reflect material flows and are closely linked to them. Any change in the structure of material flows 

inevitably impacts financial performance. 

One of the key tasks is forecasting future financial flows, which allows for optimizing working 

capital management, reducing risks, and increasing planning efficiency. 

Forecasting itself plays an important, and in some cases even key, role not only in ensuring the 

normal operation and functioning of a commercial organization, but also in the decision-making 

of creditors and investors. Not all indicators are easy to forecast with great accuracy; often, cash 

flow forecasting is reduced to creating cash budgets at the beginning of the period, taking into 

account the main components of the flow [2]. 

 

Forecasting under uncertainty. Forecasting financial flows in logistics is complicated by a 

number of factors. First, there is a high degree of uncertainty associated with fluctuations in 

demand and changes in market conditions. Second, data may be incomplete or noisy. Third, 

nonlinear relationships exist between various system parameters. 

Given the specifics of domestic and foreign markets, as well as the unstable economic situation, 

forecasting financial flows is the foundation of any business planning. Financial management of 

a commercial organization ultimately leads to forecasting its financial flows. Currently, 

forecasting the financial flows of any commercial organization is particularly important due to the 

crisis facing both large enterprises and small businesses in general. Given the unstable economic 

situation, short-term flow forecasting for a period not exceeding one year is becoming increasingly 

relevant, using the budgetary method of financial forecasting. This method is calculated using 

several options: for the upcoming period, the choice is made based on an analysis of the optimal 

https://scientifictrends.org/index.php/ijst


International Journal of Scientific Trends- (IJST) 
ISSN: 2980-4299 

Volume 4, Issue 11, November - 2025 

Website: https://scientifictrends.org/index.php/ijst 

Open Access, Peer Reviewed, Scientific Journal                                                         

76 | P a g e  
 
 

option for developing an appropriate financial plan and determining the key stages of preparing 

the commercial organization's cash budget [3]. 

Traditional methods, such as linear regression or time series methods, often fail to adequately 

account for complex relationships. This necessitates the use of more flexible tools capable of 

adapting to changing conditions. 

 

Machine learning methods in forecasting. Machine learning is a set of methods that allow 

models to learn from data and improve their forecasts without explicit programming. Various 

classes of algorithms are used in the context of financial flow forecasting. 

Machine learning and deep learning have become a new, effective trading strategy, which many 

logistics companies are using to increase revenue. Changes in the financial sector occur 

nonlinearly, and sometimes it may seem that prices are formed completely randomly. Therefore, 

the advantage of neural networks is obvious, as they have demonstrated high efficiency in solving 

the problem of generalization and identifying hidden dependencies between data, as well as the 

ability to predict or classify new data based on them [4]. 

 

Table 1 - Comparative characteristics of machine learning methods for forecasting 

financial flows in logistics systems 

Machine learning method Features of application in logistics 

Linear regression Ease of implementation and interpretation, limited ability 

to take into account nonlinear dependencies 

Decision trees Taking into account nonlinear relationships and 

interactions of factors, high interpretability 

Random Forest Improved accuracy through ensemble, robustness to data 

noise 

Gradient boosting High forecasting accuracy, efficient work with 

heterogeneous data 

Neural networks Modeling complex dependencies, high computational 

complexity and data requirements 

 

Linear models and their extensions. Despite the development of complex algorithms, linear 

models remain an important tool due to their interpretability and ease of use. These include linear 

regression and its regularized variants, such as methods with L1 and L2 regularization, which help 

control overfitting and improve model robustness. These approaches are widely used in the initial 

stages of analysis, as they allow one to identify basic relationships between variables and assess 

the contribution of each factor to financial flows. 

The advantage of linear models is their transparency, which is especially important in tasks that 

require decision-making justification, such as financial planning or auditing logistics processes. 

They offer relatively fast training and do not require significant computing resources, making them 

suitable for use in environments with limited infrastructure or when working with small datasets. 
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At the same time, the capabilities of linear models are significantly limited in the complex 

nonlinear relationships typical of logistics systems. They perform poorly in accounting for 

interactions between variables and are unable to adequately model process dynamics in the 

presence of pronounced seasonality, trends, or structural shifts. To partially overcome these 

limitations, extensions of linear models can be used, including polynomial variables or data 

transformation methods; however, this leads to increased model complexity and does not always 

ensure the required level of accuracy. 

Linear models should be considered as a basic analytical tool and a starting point for building 

more complex models, as well as a means of interpreting and validating the results obtained using 

more advanced machine learning algorithms. 

 

Decision trees and ensemble methods. Decision trees allow for modeling nonlinear relationships 

and accounting for complex factor interactions, making them particularly useful for analyzing 

multivariate data typical of logistics systems. Their operating principle is based on the sequential 

partitioning of the feature space into regions with homogeneous values of the target variable, 

ensuring a clear model structure and relative ease of interpretation. Decision trees can 

automatically identify the most significant features and account for threshold effects, which is 

difficult for linear models. 

Ensemble methods such as random forests and gradient boosting are built on decision trees, 

significantly improving forecasting quality by combining multiple base models. Random forests 

utilize the idea of averaging a large number of trees built on random subsamples of data and 

features, reducing variance and increasing resistance to overfitting. Gradient boosting, on the other 

hand, sequentially trains models, correcting the errors of previous models, ensuring high accuracy 

and the ability to identify complex patterns. 

These methods demonstrate high forecasting accuracy and robustness to data noise, which is 

particularly important in logistics settings, where data often contains errors, omissions, or unstable 

values. Ensemble methods also offer flexibility in configuration and can be tailored to specific 

tasks by selecting loss functions, tree depth, and other parameters. 

Ensemble methods are particularly effective when working with heterogeneous data, which is 

typical in logistics systems that include information on deliveries, transportation, inventory, and 

financial transactions. They allow for the simultaneous consideration of both quantitative and 

categorical characteristics without the need for complex preprocessing. Furthermore, these 

methods are highly scalable and can be applied to the analysis of large data sets, making them a 

key tool in building modern financial flow forecasting systems. 

 

Neural networks and deep learning. Neural networks are one of the most powerful machine 

learning tools. They can model complex nonlinear relationships and reveal hidden structures in 

data. Both simple multilayer perceptrons and more complex architectures are used in financial 

flow forecasting tasks. 

Recurrent neural networks designed for working with time series are particularly important. They 

allow for the dependence of current values on previous observations to be taken into account. 

Modern architectures, such as long-short-term memory, ensure high forecast accuracy. 

https://scientifictrends.org/index.php/ijst


International Journal of Scientific Trends- (IJST) 
ISSN: 2980-4299 

Volume 4, Issue 11, November - 2025 

Website: https://scientifictrends.org/index.php/ijst 

Open Access, Peer Reviewed, Scientific Journal                                                         

78 | P a g e  
 
 

Preparing data for models. Forecasting quality depends largely on data preparation. In logistics 

systems, data can come from various sources, including accounting information systems, 

warehouse management systems, and transportation systems. 

The preparation process includes data cleaning, missing value handling, normalization, and feature 

generation. Particular attention is paid to temporal features such as seasonality and trends. 

Selecting relevant features is also an important step. Too many variables can lead to overfitting 

the model, while too few reduce the accuracy of predictions. 

 

Table 2 - Stages of data preparation for forecasting financial flows in logistics systems 

Data preparation stage Stage content 

Data collection Aggregation of information from logistics, financial 

and information systems 

Data clearing Removal of errors, outliers and duplicates, handling 

of missing values 

Normalization and scaling Bringing data into a comparable form to improve the 

efficiency of models 

Formation of features Creating new variables based on initial data, taking 

into account seasonality and trends 

Splitting the sample Splitting data into training and test samples to 

evaluate the quality of the model 

 

The table systematizes the key stages of data preparation required for building machine learning 

models for financial flow forecasting. It reflects the sequence of data transformations, from initial 

collection to the formation of samples for training and testing models. This structure emphasizes 

the importance of high-quality data preparation as a determining factor in forecasting accuracy. 

 

Model Quality Assessment. Various metrics are used to evaluate model performance, including 

root mean square error and mean absolute error. The choice of metric depends on the specifics of 

the problem and the accuracy requirements. 

An important aspect is dividing the data into training and test sets. This allows us to evaluate the 

model's generalization ability. Cross-validation is also used, providing a more reliable quality 

assessment. 

 

Practical Applications in Logistics. Machine learning methods are widely used in various 

aspects of logistics. They are used for demand forecasting, inventory optimization, and route 

planning. 

Artificial intelligence can be a useful tool for solving transportation problems. It can be used to 

optimize routes, predict delivery times, improve inventory management, and more. One example 

of the use of artificial intelligence is the application of machine learning to route optimization. 

Machine learning algorithms can analyze various parameters, such as the distance between coal 
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deposits and consumption points, road and vehicle capacity, to determine the optimal delivery 

route. This can help reduce transportation time and costs [5]. 

In the context of financial flows, models allow for forecasting cash receipts and expenditures, 

which facilitates more effective resource management. For example, periods of liquidity shortages 

can be identified in advance and measures taken to prevent them. 

In addition, the models can be used to analyze the sensitivity of financial flows to various factors, 

such as changes in fuel prices or exchange rate fluctuations. 

 

Advantages and limitations of methods. The use of machine learning methods offers a number 

of significant advantages, making them highly sought after for forecasting financial flows in 

logistics systems. These include high forecasting accuracy due to the ability to identify complex 

nonlinear relationships, the ability to process large volumes of heterogeneous data, and 

adaptability to changing environmental conditions. An additional advantage is the automation of 

the analysis process, which reduces the influence of human error and improves the efficiency of 

management decision-making [6]. Machine learning methods also allow for the consideration of 

a wide range of factors, including hidden and indirect relationships that are difficult to identify 

using traditional approaches. 

However, alongside the advantages, there are also certain limitations that must be considered when 

implementing these methods. First, machine learning models require significant computational 

resources, especially when using complex architectures and large datasets [7]. Second, many 

modern algorithms, such as deep neural networks, are characterized by low interpretability, which 

complicates the explanation of the obtained results and can reduce user confidence. Third, there 

is a risk of overfitting, in which a model performs well on training data but demonstrates low 

accuracy on new observations, especially with limited data or the presence of noise. 

Furthermore, the effectiveness of models depends on the quality of the source data. The presence 

of omissions, errors, outliers, and inconsistencies in data can significantly degrade forecasting 

results. In this regard, the pre-processing and validation stages of data are particularly important. 

It is also important to consider the need for regular model updating and retraining as new data 

accumulates and the operating conditions of the logistics system change. Only by 

comprehensively considering all of these factors can stable and reliable forecasting results be 

achieved. 

 

Development Prospects. In the coming years, machine learning methods are expected to further 

develop and be more deeply integrated into logistics systems, driven by both increased computing 

power and the expansion of available data volumes. Particular attention will be paid to the 

development of hybrid models that combine the advantages of various approaches, including 

statistical methods, machine learning algorithms, and elements of expert systems [8]. Such models 

will allow for the consideration of both formalized dependencies and specific domain-specific 

features, which is particularly important for complex logistics processes. 

Another important area is the use of real-time streaming data from various sources, including 

transportation management systems, warehouse complexes, and financial information systems. 

The use of online learning methods and adaptive algorithms will enable rapid responses to changes 
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in the external environment, such as fluctuations in demand, changes in resource costs, or supply 

chain disruptions, thereby significantly improving the accuracy and relevance of forecasts. 

Other prospects lie in the development of Internet of Things technologies and digital platforms 

that enable the continuous collection and transmission of data on the status of logistics 

infrastructure assets. This will create the conditions for the development of more detailed and 

dynamic models capable of accounting for system behavior in near real time. Meanwhile, the 

integration of machine learning with big data and cloud computing technologies enables solutions 

to be scaled and made accessible to enterprises of all sizes. 

Furthermore, the role of interpretable models and explainable machine learning methods is 

expected to increase, enhancing the transparency of decisions and user trust. Taken together, these 

trends will contribute to the development of next-generation intelligent logistics systems capable 

of not only forecasting financial flows but also actively participating in their optimization and 

management. 

 

Conclusion 

In the era of internet and e-commerce development, innovations in logistics processes and 

technologies such as artificial and augmented intelligence, digital twins, real-time supply chain 

tracking, blockchain, warehouse robotics, etc. are becoming increasingly effective [9]. The use of 

machine learning methods to forecast financial flows in logistics systems is a promising area that 

can significantly improve management efficiency. Modern algorithms allow for the consideration 

of complex relationships and adaptation to changing conditions. 

Despite existing limitations, the advantages of these methods make them an indispensable tool in 

the digital economy [10]. Further technological development and data accumulation will 

contribute to increased forecast accuracy and expanded applicability. 

Thus, the integration of machine learning methods into logistics systems is an important step 

towards creating intelligent and sustainable financial flow management systems. 
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