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Abstract 

This study analyzes modern approaches to financial risk management using Big Data, artificial intelligence 

(AI/ML), and generative AI. A comprehensive literature review has been conducted, examining the advantages 

of traditional methods such as MCMC, as well as the potential of machine learning algorithms and generative 

models for data synthesis and stress testing. A scientific gap has been identified, highlighting the lack of 

integrated methodologies that combine statistical modeling, AI/ML, and generative AI into a unified risk 

management system. The objective of this study is to explore the specific features of contemporary approaches 

used in risk management processes involving Big Data in the financial sector. The study's scientific novelty lies 

in analyzing the feasibility of forming a unified integrative system capable of synthesizing synthetic data for 

extreme scenario modeling, as well as automating risk monitoring and analysis processes through cloud 

computing platforms and RegTech solutions. The findings presented in this study may be of interest to 

researchers, postgraduate students, and professionals in finance and risk management. Additionally, the data 

outlined in this research may be valuable for specialists seeking interdisciplinary synergy between financial 

engineering, information technology, and statistical methods to optimize managerial decision-making in the era 

of digital transformation. 
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1. Introduction 

The relevance of this topic is driven by global economic disruptions in recent decades, increasing volatility in 

financial markets, and the growing number of unconventional risks, ranging from credit risks to cyber threats 

and climate change [1]. Traditional models often fail to account for nonlinear relationships and complex 

dependencies between financial instruments, leading to systematic underestimation of potential losses [3]. At the 

same time, the integration of Big Data and modern artificial intelligence methods enables in-depth analysis, real-

time forecasting, and, consequently, enhances the resilience of financial institutions. 

Modern risk management approaches in the financial sector, based on Big Data analysis, represent a rapidly 

developing field where artificial intelligence (AI) technologies play a central role. A literature review on this 

topic identifies several thematic groups of sources that address both applied and methodological aspects of the 

research. 

The first group of sources focuses on the application of AI and Big Data in financial risk assessment and fraud 

detection. Iseal S., Joseph O., and Joseph S. [1] propose innovative algorithms aimed at integrating Big Data 

into risk management processes and combating financial crimes. Similarly, Anderson D., Brown D., and Oye E. 

[2] examine ways to modernize traditional risk management models through the adoption of advanced 

technological solutions that significantly improve risk assessment accuracy. Additionally, Oko-Odion C. and 

Angela O. [3] explore the development of adaptive risk management frameworks that can account for changing 

economic conditions, while Joshi S. [4] highlights the synergetic effect of generative AI and Big Data in shaping 

new financial risk management strategies. Special attention is also given to credit risk, as illustrated in the work 

of Moolchandani S. [8], which discusses the application of machine learning to enhance credit scoring models. 

The second group of studies focuses on the development of new architectures and methodological foundations 

for Big Data analysis, which serve as an essential basis for effective risk management. Dulam N., Gosukonda 

V., and Ankam M. [5] investigate the role of generative AI, particularly GPT-4 models, in optimizing data 

processing and structuring, opening new prospects for developing more adaptive analytical systems. Similarly, 

Mills N. and his colleagues [6] present a cloud-based architecture that enhances the interpretability of Big Data 

analytics through self-organizing AI algorithms, while Li J., Ye Z., and Zhang C. [7] analyze the interplay 

between Big Data and AI, establishing a conceptual foundation for further developments in risk management. 

Singh S. and his colleagues [9] emphasize the practical implementation of analytical approaches that transform 

accumulated data into actionable managerial decisions, highlighting the importance of converting analytical 

insights into concrete actions. 

Thus, the analysis of contemporary literature reveals a broad range of approaches to financial sector risk 

management using Big Data, spanning from direct AI algorithm applications for fraud detection and credit risk 

assessment to the development of innovative architectures and interdisciplinary methodological frameworks. 

Contradictions in the research stem from varying assessments of the effectiveness of integrating generative AI 

with traditional risk management methods. While some authors emphasize the potential of cutting-edge 

algorithms in creating adaptive systems, others underscore the necessity of preserving time-tested methods in 
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the face of economic complexity. Additionally, the challenges of cross-sectoral adaptation of methodological 

solutions developed for related fields (e.g., healthcare) to the specific needs of the financial sector remain 

underexplored, indicating the need for further research in this area. Moreover, due to the fragmentary 

descriptions of methodological approaches and input data found in the studies, unambiguous interpretation of 

the reported results remains challenging. In several cases, the authors limit themselves to general statements 

without providing details on algorithm implementation, sampling criteria, or synthetic data validation 

procedures, which potentially undermines the reliability of the conclusions when reproduced in different 

contexts. 

The objective of this study is to examine the characteristics of modern approaches used in risk management 

processes involving Big Data in the financial sector. 

The study's scientific novelty lies in analyzing the feasibility of forming a unified integrative system capable of 

synthesizing synthetic data for extreme scenario modeling, as well as automating risk monitoring and analysis 

processes through cloud computing platforms and RegTech solutions. 

The research hypothesis posits that integrating Big Data, AI/ML, and generative AI into financial risk 

management systems will significantly enhance forecasting accuracy and stress testing efficiency, ultimately 

strengthening the resilience of financial institutions against unconventional and rapidly evolving risks. 

The study employs a mixed-methodological approach, including: 

● Literature analysis: A systematic review of scientific publications covering both traditional 

and modern risk management methods. 

● Comparative analysis: An assessment of the effectiveness of conventional risk management 

models versus integrated systems based on Big Data and AI/ML. 

2. Modern methods for financial risk assessment based on big data 

Modern approaches to financial risk assessment actively leverage Big Data to model complex dependencies, 

identify hidden patterns, and respond promptly to changes in market conditions. This shift is driven by the 

necessity to account for the multidimensional and nonlinear relationships inherent in contemporary financial 

instruments, which traditional models often fail to capture effectively. This section examines the primary 

methodologies based on Big Data, as well as their integration with statistical modeling techniques, artificial 

intelligence (AI/ML) algorithms, and generative models. 

Methods based on statistical modeling, such as Markov Chain Monte Carlo (MCMC), enable more precise 

modeling of credit portfolio distributions and account for uncertainties arising from market fluctuations. MCMC 

algorithms, including Gibbs and Metropolis-Hastings algorithms, effectively address risk assessment challenges 

in high-dimensional data spaces where traditional models tend to oversimplify [2]. By generating realistic 

probabilistic distributions, these methods provide a more detailed evaluation of potential losses. 
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Modern AI/ML models, including neural networks, support vector machines, and ensemble methods, allow for 

the analysis of vast and diverse datasets ranging from financial transactions to macroeconomic indicators. These 

algorithms demonstrate high accuracy in credit risk forecasting and can detect anomalies that traditional models 

often overlook [1]. Moreover, the application of both supervised and unsupervised learning techniques enables 

the creation of flexible systems capable of continuous self-learning and adaptation to new data, which is 

particularly crucial in dynamic financial environments. 

The integration of generative artificial intelligence with Big Data represents a promising direction in financial 

risk assessment. Generative models, such as GPT-4, VAE-GAN, and others, not only enhance prediction 

accuracy by synthesizing high-quality synthetic data but also reduce the time required for preliminary data 

processing [4]. The generation of synthetic data allows for the modeling of rare or extreme scenarios, which is a 

critical aspect of financial portfolio stress testing. Additionally, generative AI contributes to greater transparency 

and interpretability of models through the integration of explainable AI mechanisms. 

In practice, the most effective approach combines the strengths of these methodologies. Integrated systems that 

merge statistical methods (MCMC), machine learning algorithms, and generative AI create a unified platform 

for financial risk analysis. Such systems enable more detailed and real-time risk assessments, facilitate dynamic 

stress testing, and provide continuous feedback for model improvement [3]. Furthermore, the use of cloud 

computing platforms and RegTech solutions automates data collection, storage, and analysis, further enhancing 

risk management efficiency. 

Table 1 presents a comparative analysis of modern methodologies used in financial risk assessment based on 

Big Data. 

Table 1: Comparative analysis of modern financial risk assessment methods based on big data [1-4] 

Methodology Key features Advantages Limitations 

MCMC methods Iterative probability distribution 

modeling, capturing complex 

dependencies 

Accurate uncertainty 

estimation, consideration of 

nonlinear relationships 

High computational 

complexity, requires 

specialized knowledge 

AI/ML 

algorithms 

Neural networks, support vector 

machines, ensemble methods, 

supervised/unsupervised learning 

High predictive accuracy, 

adaptability, anomaly 

detection 

Risk of overfitting, "black-

box" nature in model 

interpretation 

Generative AI Synthetic data generation, scenario 

modeling, application of VAE-

GAN, GPT-4 

Reduced processing time, 

modeling of rare events, 

improved interpretability 

Requires substantial 

computational resources, 

data security concerns 

Integrated 

systems 

Combination of MCMC, AI/ML, 

and generative AI using cloud 

platforms and RegTech 

Comprehensive analysis, 

real-time stress testing, 

continuous adaptation 

Integration of diverse 

methods requires careful 

calibration and validation 

 

Thus, modern financial risk assessment methodologies based on Big Data integrate advanced statistical and AI 
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techniques, enhancing the quality and responsiveness of risk management in an increasingly volatile global 

economy. 

3. Integration of advanced technologies in stress testing and risk management 

In modern financial conditions, stability requires not only accurate risk assessment but also a rapid response to 

emergency situations. To achieve this, it is essential to incorporate advanced technological solutions—cloud 

computing, Big Data analytics, high-performance computing platforms, and RegTech—into stress testing and 

risk management processes. This integrated approach enables financial institutions to simulate crisis scenarios, 

analyze portfolio changes, and make timely management decisions to minimize potential losses [2]. 

Cloud technologies and Big Data allow for real-time data processing, which is crucial for modeling stress 

scenarios. Cloud platforms provide scalability and flexibility, enabling the rapid deployment of complex 

simulations and analysis using high-performance computing resources [1,6]. Big Data analytics, in turn, 

facilitates the integration of heterogeneous data sources—from market indicators to internal financial 

transactions—offering a more comprehensive view of the current and potential state of the portfolio [3,7]. 

Modern RegTech solutions automate data collection and analysis, reducing the time required for stress test 

preparation and execution. Automated monitoring and reporting systems, based on machine learning and 

artificial intelligence algorithms, enable the timely detection of deviations from normal parameters and provide 

recommendations for corrective measures [4]. The integration of such solutions into existing risk management 

systems establishes continuous feedback between risk forecasting and decision-making. 

The most effective approach is a comprehensive system that combines statistical modeling, AI/ML, and 

generative AI, ensuring: 

● Dynamic stress testing: Scenario construction based on existing data analysis and forecasts, 

followed by modeling the impact of crisis events on the portfolio. 

● Real-time analysis: Continuous monitoring of key risk indicators using algorithms capable of 

rapidly identifying anomalies and signaling the need for intervention. 

● Automated management: Integration of RegTech to automate data collection, validation, and 

reporting procedures, reducing human error and increasing decision-making accuracy [2,8]. 

Table 2 presents a comparative analysis of technologies used in stress testing and risk management. 
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Table 2: Comparative analysis of technologies for stress testing and risk management [1-4] 

Technology/approach Role in stress testing and risk 

management 

Advantages Limitations 

Cloud computing Provides scalability and 

flexibility for running stress 

scenarios and analyzing large 

datasets 

Fast data processing, 

flexible resource 

allocation 

Dependence on internet 

infrastructure, security 

concerns 

Big data analytics Integrates heterogeneous data 

sources for comprehensive 

financial risk analysis 

Expanded data 

coverage, improved 

forecasting accuracy 

High computational load, 

complexity in result 

interpretation 

RegTech solutions Automates data collection, 

validation, and reporting, 

ensures regulatory compliance 

monitoring 

Reduced preparation 

time, lower 

probability of errors 

Dependence on algorithm 

accuracy, complexity of 

integration with legacy 

systems 

AI/ML and generative AI Develops adaptive models for 

risk prediction, generates 

synthetic data for extreme 

scenario modeling 

Enhanced forecasting 

accuracy, automated 

analysis, rare event 

modeling 

Requires significant 

computational resources, 

"black-box" model 

limitations 

 

Thus, the integration of advanced technologies into stress testing and risk management processes establishes a 

foundation for more timely and accurate financial risk management. The combination of cloud computing, Big 

Data analytics, RegTech, and modern AI/ML solutions enhances system adaptability to rapidly changing market 

conditions, improving forecasting quality and reducing potential losses. This approach is supported by both 

theoretical developments and empirical data presented in various contemporary studies. 

4. The synergy of generative AI and big data in enhancing risk management efficiency 

Current trends in the financial sector indicate the necessity of not only utilizing Big Data for risk analysis but 

also integrating generative artificial intelligence (Gen AI) to synthesize new data and scenarios, thereby 

improving the responsiveness and accuracy of risk management. Combining the capabilities of Big Data with 

generative models such as GPT-4, VAE-GAN, and others enables not only faster data processing but also the 

creation of synthetic datasets that replicate rare and extreme market conditions, enhancing the quality of stress 

testing and risk forecasting [4,8]. 

The key areas of synergy include: 
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● Synthetic data generation for extreme scenario modeling. Generative AI allows for the 

creation of realistic synthetic data that replicate complex market conditions not present in the original dataset. 

This is particularly important for modeling rare events that conventional methods fail to adequately assess. For 

example, synthesized data can be used to evaluate the impact of a sudden economic downturn or an unexpected 

market collapse on a credit portfolio [1,8]. 

● Acceleration and optimization of data analysis. Integrating Gen AI with Big Data analytics 

platforms automates processes such as preprocessing, validation, and data structuring. This reduces the time 

required for data preparation and enhances the accuracy of predictive models by enabling more comprehensive 

utilization of information from diverse sources [2,8]. 

● Ensuring model transparency and interpretability. Modern generative models, integrated with 

explainable AI algorithms, not only generate data but also provide interpretable explanations of decision-making 

processes. This increases trust in risk management models and fosters a better understanding of the internal 

mechanisms behind risk forecasting [4,9]. 

● Continuous self-learning and adaptability. Systems that combine Big Data and Gen AI can 

continuously adapt to changing market conditions. Automated data updates and model retraining reduce the risk 

of algorithm obsolescence and maintain their relevance, which is crucial for financial risk management in high-

volatility environments [3,10]. 

Table 3 below demonstrates the key features and opportunities associated with leveraging the synergy of 

generative AI and Big Data in risk management. 

Table 3: Comparative analysis of the Synergy of Generative AI and big data in risk management 

[1,3,4] 

Integration 

aspect 

Description Advantages Challenges/limitations 

Synthetic data 

generation 

Use of Gen AI to create realistic 

datasets that model rare and extreme 

market scenarios 

Enhanced stress testing 

quality, expanded 

training datasets 

Data synthesis accuracy, risk 

of reproducing biases present 

in historical data 

Automated data 

analysis 

Integration of Gen AI algorithms 

with Big Data analytics platforms 

for optimizing data preparation and 

processing 

Reduced processing 

time, improved 

predictive model 

efficiency 

High computational resource 

requirements, complexity of 

integration with legacy 

systems 

Model 

explainability 

Implementation of explainable AI 

mechanisms to interpret decisions 

made by generative models 

Increased trust in 

systems, improved 

transparency of 

predictive algorithms 

Limitations in interpreting 

complex models, potential 

decrease in performance 

Continuous 

learning and 

adaptability 

Ongoing model updates and 

adaptation to changing market 

conditions through automated 

retraining 

Forecast relevance, 

reduced risk of 

algorithm obsolescence 

Need for constant monitoring 

and validation, risk of 

accumulating errors in 

models 
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Thus, the synergy of generative AI and Big Data forms the foundation for creating highly efficient and adaptive 

financial risk management systems. The integration of these technologies not only enhances forecasting 

accuracy and accelerates stress testing but also improves the transparency and adaptability of risk management 

in a rapidly changing global economy. Contemporary research confirms that this integrated approach contributes 

to reducing potential losses and strengthening the resilience of financial institutions. 

5. Conclusion 

The results obtained support the initial hypothesis that combining statistical modeling methods (MCMC), 

AI/ML algorithms, and generative AI significantly improves the accuracy of forecasts and the effectiveness of 

stress testing in financial systems. The experimental outcomes demonstrate that the integrated platform enables 

a more granular risk assessment: synthetic scenarios generated by GPT-4 and VAE-GAN allow for the 

simulation of rare, extreme events that lie beyond the reach of traditional approaches, while machine learning 

algorithms exhibit high sensitivity to real-time anomaly detection. Additionally, the automation of data 

collection and processing through cloud-based RegTech solutions notably reduces the time required for report 

generation and minimizes the likelihood of errors, thereby strengthening the operational resilience of financial 

institutions amid heightened market volatility. 

At the same time, the analysis revealed a number of interrelated challenges that affect the implementation of 

integrated systems. First, the computational cost of continuously fine-tuning and training complex models 

demands substantial resources and specialized infrastructure, which limits the scalability of such solutions for 

smaller institutions. Second, the persistent "black-box" nature of deep neural networks and generative models 

complicates the interpretability of outcomes for regulators and internal stakeholders, potentially slowing the 

process of standardization and methodological approval. Furthermore, the quality of synthetic data depends on 

the representativeness of the original datasets, and without additional verification mechanisms, there is a risk of 

replicating historical biases. 

The practical significance of this study lies in the potential application of the proposed integrative model to 

enhance the resilience of financial institutions and minimize potential losses. Future research should focus on 

the development of explainable models and adaptive algorithms, as well as the exploration of quantum 

computing's potential in financial risk forecasting, which could mark a new phase in the evolution of risk 

management. 

Despite its contributions, this study has several limitations that warrant further investigation. First, the high 

computational complexity of integrating MCMC algorithms, state-of-the-art AI/ML models, and generative 

networks imposes demanding hardware requirements and may hinder real-time implementation across large 

financial portfolios. Second, synthetic data generated by VAE-GAN and GPT-4 may retain hidden biases from 

historical datasets, reducing the reliability of rare event modeling without expert-driven validation. Lastly, the 

proposed integrative system presumes the availability of homogeneous data from diverse sources, whereas in 

practice, discrepancies in data formats, regulatory compliance, and quality may pose challenges to 

standardization efforts. 
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