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Abstract :  

This study examines security risks, emerging technologies, and cryptographic techniques 

in cloud-based digital currency transactions using a quantitative research approach. Data 

was sourced from the REKT Database, Web3 Security Report, and Elliptic Open Dataset, 

employing descriptive statistical analysis, regression modeling, and time-series analysis 

to assess security vulnerabilities, fraud reduction trends, and regulatory compliance 

effectiveness. Findings reveal that AI-driven security measures reduced fraud cases by 

55% from 2022 to 2025, while illicit transactions declined from 12.5% in 2019 to 6.1% in 

2023, demonstrating the impact of cryptographic advancements and regulatory 

interventions. However, cybercriminals are shifting toward high-value, precision-based 

attacks, necessitating an integrated security framework. The study recommends 

enhancing AI fraud detection with cryptographic security models, adopting post-quantum 

cryptography, strengthening regulatory compliance, and implementing zero-trust security 

models to ensure long-term resilience in cloud-based financial ecosystems. 
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1. Introduction 

The rapid proliferation of digital currencies has significantly transformed financial 

transactions, offering greater efficiency, accessibility, and scalability. This expansion 

has been largely facilitated by advancements in cloud computing infrastructure, which 

provides the computational power necessary to support blockchain-based financial 

services. According to Obi et al. (2024), cloud-based architectures enable real-time 

transactions and enhance network resilience; however, they simultaneously introduce 

critical concerns regarding data security, privacy, and regulatory compliance. 

Cyberattacks, unauthorized data access, and evolving legal frameworks pose 

challenges that financial institutions, cloud service providers, and regulators must 

continuously address to maintain the security and stability of digital financial 

ecosystems. 



 

 

Cloud computing serves as the operational backbone of cryptocurrency exchanges, 

digital wallets, and blockchain-driven financial services (Pise et al., 2024). Leading 

platforms, including Binance, Coinbase, and Kraken, utilize cloud-based infrastructures 

to manage vast transactional volumes while maintaining operational continuity 

(Gooyabadi et al., 2023). Despite the advantages of these systems, Spanca and Salihu 

(2024) posits that vulnerabilities expose digital financial platforms to threats such as 

data breaches, phishing attacks, and unauthorized access. The Phemex cryptocurrency 

exchange hack in January 2025, which resulted in the theft of over $85 million due to 

weaknesses in cloud-based storage, underscores the severity of these risks (Arghire, 

2025). Similarly, the Byte Federal data breach in December 2024 compromised the 

personal data of approximately 58,000 users, highlighting the dangers of flawed cloud-

hosted development platforms (Daniel, 2024). These incidents demonstrate the 

pressing need for sophisticated security protocols within cloud-hosted cryptocurrency 

infrastructures. 

Uddin et al. (2021) argues that the increasing frequency of cyberattacks further 

substantiates the vulnerabilities of cloud-based digital currency platforms. A 2024 report 

from Infosecurity Magazine revealed that Web3 security incidents accounted for over 

$2.3 billion in financial losses, representing a 31.6% increase from the previous year 

(Coker, 2025). Among attack vectors, phishing was the most financially damaging, 

responsible for $1.05 billion in losses across nearly 300 incidents. Ethereum, as the 

most targeted cryptocurrency network, suffered 403 security breaches and scams, 

resulting in approximately $748.6 million in financial damages (Coker, 2024). These 

statistics highlight the necessity for advanced cybersecurity measures, including multi-

factor authentication, encryption, and AI-driven fraud detection systems to strengthen 

cloud-based cryptocurrency security.  

Beyond security concerns, Oyewole et al. (2024) posits that data privacy presents 

another significant challenge in digital financial transactions. While blockchain 

technology is often associated with decentralization, public blockchain networks such as 

Bitcoin and Ethereum allow transactional data to be traced, raising concerns about user 

confidentiality. The European Union’s Markets in Crypto-Assets (MiCA) regulation, 

which took effect in 2024, has imposed stricter compliance measures on cryptocurrency 

exchanges, complicating the balance between regulatory adherence and privacy 

protection (ESMA, 2024). Schumacher (2024) avers that the European Data Protection 

Supervisor has similarly warned that central bank digital currencies (CBDCs) may 

heighten susceptibility to cyber threats and unauthorized surveillance. 

The demand for privacy-focused financial solutions is evident in the rising adoption of 

privacy-enhancing cryptocurrencies such as Monero and Zcash, which utilize 

cryptographic techniques like zero-knowledge proofs to obscure transaction details 



 

 

(Alozie, 2025). A study by the Reserve Bank of Australia found that Australian citizens 

were willing to pay an average of $5 per year to ensure transaction anonymity, reflecting 

the growing demand for privacy-centric financial solutions amid heightened regulatory 

scrutiny (Mulqueeney & Livermore, 2023); this emphasizes the need for balancing 

transparency with user privacy in digital financial ecosystems. 

In addition to security and privacy concerns, Marwala (2024) argues that quantum 

computing introduces another critical threat to cloud-based digital currency transactions. 

Quantum algorithms such as Shor’s Algorithm could compromise widely used 

cryptographic mechanisms, including RSA, ECDSA, and SHA-256 (Dey et al., 2022). If 

quantum computers attain sufficient computational power, they could decrypt private 

keys from public addresses, undermining blockchain security. To mitigate this threat, 

researchers are developing post-quantum cryptographic techniques, such as lattice-

based and hash-based cryptography. The National Institute of Standards and 

Technology is leading efforts to standardize quantum-resistant encryption, while major 

blockchain projects, including Bitcoin and Ethereum, are exploring advanced signature 

schemes (NIST, 2024). 

Zainal (2023) posits that artificial intelligence (AI) plays a crucial role in securing cloud-

based digital currency transactions by facilitating fraud detection, automating 

compliance processes, and enhancing the monitoring of suspicious activities. Many 

exchanges integrate AI-powered tools to analyze blockchain transactions in real time, 

preventing illicit financial activity. AI-enhanced Know Your Customer (KYC) and Anti-

Money Laundering (AML) protocols also improve identity verification and help detect 

high-risk transactions. However, Romero-Moreno (2024) avers that AI itself introduces 

new security risks, particularly in the form of deepfake technology and synthetic fraud. 

In the 2023 Binance deepfake scam, fraudulent identities enabled unauthorized 

financial transactions, demonstrating the need for robust countermeasures against AI-

driven identity fraud (Esoimeme, 2024). 

As cloud computing remains integral to digital financial transactions, Olaseni and 

Familoni (2024) argues that regulatory compliance introduces further complexities in 

securing cryptocurrency platforms. The implementation of KYC and AML protocols is 

essential for fraud prevention but often conflicts with user privacy expectations (Hannan 

et al., 2023). Regulatory agencies worldwide are intensifying oversight of cryptocurrency 

exchanges, requiring compliance with data protection laws such as the General Data 

Protection Regulation. Recent actions, including the Spanish Data Protection Agency’s 

directive against Worldcoin’s biometric data collection, highlight growing concerns over 

data privacy in digital finance (saada, 2024). 



 

 

Additionally, Schumacher (2024)  posits that the introduction of central bank digital 

currencies (CBDCs) exacerbates privacy concerns. While CBDCs offer a government-

backed alternative to traditional cryptocurrencies, their centralized nature raises 

concerns about surveillance and data exposure. Privacy advocates argue that 

centralized authorities' ability to monitor financial transactions could undermine digital 

currency principles. Balboni et al. (2024) contends that privacy-enhancing technologies, 

including homomorphic encryption and secure multi-party computation, are being 

explored to enable confidential financial transactions without compromising security. 

The security and privacy challenges of cloud-based digital currency transactions 

necessitate a comprehensive, multi-dimensional approach. Azad et al. (2024) avers that 

the implementation of zero-trust security models, requiring continuous authentication 

and verification, strengthens cloud security. AI-driven threat detection, combined with 

real-time monitoring, enhances defense mechanisms against cyberattacks. This 

research aims to examine the role of cloud computing in digital currency transactions, 

analyze associated data security challenges, and explore effective measures to 

enhance data privacy and protection in cloud-based cryptocurrency ecosystems, by 

achieving the following objectives: 

 

1. Evaluates the security risks associated with cloud computing in digital currency 

transactions, including vulnerabilities to cyberattacks, unauthorized access, and 

data breaches. 

2. Analyzes the impact of emerging technologies, such as quantum computing and 

artificial intelligence, on data security and privacy in cloud-based cryptocurrency 

transactions. 

3. Assesses existing cryptographic techniques and regulatory frameworks that 

ensure the confidentiality, integrity, and availability of data in cloud-hosted 

cryptocurrency platforms. 

4. Proposes effective security strategies and privacy-enhancing mechanisms, such 

as zero-trust models, post-quantum cryptography, and AI-driven threat detection, 

for mitigating risks in cloud-based digital financial ecosystems. 

 

2. Literature Review 

Cloud-based cryptocurrency transactions introduce multiple security risks, with 

cyberattacks exploiting vulnerabilities in cloud infrastructures (Ahmad et al., 2021; 

Balogun et al., 2025). One major concern is the security of hot wallets, which store 

cryptocurrencies online and are susceptible to unauthorized access (Mirza & 

Rahulamathavan, 2023; Kolade et al., 2025). According to Arghire (2025), the Phemex 



 

 

exchange hack in January 2025 exemplifies this risk, as attackers infiltrated multiple 

blockchain hot wallets, stealing over $85 million. Analysis suggests that compromised 

private keys were the primary attack vector, highlighting the need for robust key 

management practices, including hardware security modules and multi-signature 

authentication (Behnke, 2025; Obioha-Val et al., 2025). 

Beyond external threats, insider risks pose additional challenges to cloud-hosted 

cryptocurrency exchanges. Saxena et al. (2020) argues that employees or contractors 

with privileged access may intentionally or inadvertently expose sensitive data, leading to 

financial and reputational damage. The Byte Federal data breach in December 2024 

illustrates this risk, as attackers exploited a vulnerability in third-party software to access 

company servers, potentially exposing the personal information of approximately 58,000 

customers (Daniel, 2024). This incident underscores the necessity of stringent access 

controls, continuous monitoring, and secure third-party integrations to mitigate insider 

threats. 

Another prevalent security threat is Distributed Denial of Service (DDoS) attacks, which 

overwhelm cloud-based wallets and exchanges with excessive traffic, rendering them 

inaccessible to legitimate users (Ganguli, 2024; Obioha-Val et al., 2025). Bhardwaj (2021) 

posits that these attacks not only disrupt services but also create opportunities for 

cybercriminals to exploit other vulnerabilities during system downtime. The increasing 

sophistication of such attacks necessitates advanced mitigation strategies, including 

traffic filtering, rate limiting, and resilient network architectures (Abdelkader et al., 2024; 

Obioha-Val et al., 2025). 

Data breaches in cloud-hosted financial platforms frequently result from 

misconfigurations and insecure Application Programming Interfaces (APIs), providing 

attackers with opportunities to gain unauthorized access to sensitive data (Ahir & Shaikh, 

2023; Alao et al., 2024). Alabdan (2020) argues that credential theft, often facilitated 

through phishing attacks, remains a major method for compromising user accounts. In 

2024, phishing attacks surged by 202%, with credential-based phishing incidents 

increasing by 703% (Mascellino, 2024). These statistics emphasize the need for multi-

factor authentication (MFA) and user education initiatives to reduce phishing risks. 

The financial impact of cloud-based breaches extends beyond monetary losses, 

significantly eroding user trust in cryptocurrency platforms (Malik et al., 2024; Val et al., 

2024). Coker (2024) states that Web3 security incidents in 2024 resulted in over $1.1 

billion in losses, with phishing alone accounting for $497.7 million. The rise of AI-driven 

phishing scams, where attackers use deepfake technology and synthetic identities, 

further exacerbates these risks. Strengthening cloud security through encryption, 



 

 

anomaly detection, and regulatory compliance is essential for mitigating threats in digital 

finance. 

Data Privacy Challenges in Cloud-Based Cryptocurrency Platforms 

The integration of cloud computing in cryptocurrency platforms introduces significant data 

privacy challenges, particularly due to the transparency of public blockchain networks 

(Habib et al., 2022; Gbadebo et al., 2024). Cryptocurrencies such as Bitcoin and 

Ethereum operate on decentralized ledgers where transaction details, including sender 

and receiver addresses and transaction amounts, are openly accessible (Antal et al., 

2021; John-Otumu et al., 2024). According to Alzoubi (2024), while this transparency 

fosters security and trust, it simultaneously exposes users to surveillance risks and 

targeted cyberattacks. Malicious actors can analyze blockchain transactions to identify 

wallets with substantial holdings, increasing the likelihood of phishing schemes and 

unauthorized access attempts (Habbal et al., 2024; Kolade et al., 2024). 

To address these privacy concerns, Zhang et al. (2020) posits that privacy-preserving 

cryptocurrencies such as Monero and Zcash have been developed. Monero employs ring 

signatures and stealth addresses to obscure transaction details, thereby enhancing user 

anonymity (Cremers et al., 2024; Olateju et al., 2024). Zcash utilizes zero-knowledge 

proofs, allowing transaction validation without disclosing specific financial information 

(Alozie, 2025; Adigwe et al., 2024). Additionally, (Wei et al., 2024) argues that stealth 

addresses and ring signatures complicate the ability to trace transactions to specific 

individuals, further protecting user confidentiality. A study by the Reserve Bank of 

Australia found that users are increasingly willing to pay a premium for enhanced financial 

anonymity, reflecting growing demand for privacy-centric solutions in digital finance 

(Mulqueeney & Livermore, 2023; Arigbabu et al., 2024). 

However, the implementation of privacy-enhancing features in cryptocurrencies presents 

significant regulatory challenges. Pastor Sempere (2025) contends that frameworks such 

as the European Union’s Markets in Crypto-Assets (MiCA) regulation and the General 

Data Protection Regulation (GDPR) impose strict data handling requirements, including 

the right to amend, erase, and transfer personal data. The immutable nature of blockchain 

transactions conflicts with these legal principles, creating tensions between technological 

capabilities and regulatory frameworks. Furthermore, Arnone (2024) states that Know 

Your Customer (KYC) and Anti-Money Laundering (AML) compliance requirements 

complicate privacy efforts, as financial institutions must verify user identities while 

attempting to preserve confidentiality. 

The emergence of Central Bank Digital Currencies (CBDCs) adds another layer of 

complexity to the privacy debate. While CBDCs enhance efficiency and financial 

inclusion, Lee et al. (2021) posits that they also raise concerns regarding mass 



 

 

transaction monitoring and potential financial surveillance by centralized authorities. 

Privacy advocates argue that centralized control over financial transactions could 

undermine the fundamental principles of digital currency, raising ethical concerns about 

financial freedom and the potential misuse of power (Bindseil, 2019; Schumacher, 2024; 

Joeaneke et al., 2024). In response, researchers are exploring privacy-enhancing 

technologies such as zero-knowledge proofs and homomorphic encryption to enable 

confidential transactions while maintaining regulatory compliance (Álvarez et al., 2024; 

Zhou et al., 2024; Okon et al., 2024). 

Regulatory complexities further challenge the development of privacy frameworks for 

digital currencies. Abdul and Saleem (2024) argues that the decentralized nature of 

blockchain technology makes the implementation and enforcement of regulatory 

standards difficult. Striking a balance between privacy, security, and compliance requires 

coordinated efforts between policymakers, technology developers, and financial 

institutions. 

Emerging Technologies and Their Impact on Security and Privacy 

Emerging technologies, particularly quantum computing and artificial intelligence (AI), are 

reshaping the security and privacy frameworks of cloud-based digital currency systems 

(Marwala, 2024; Samuel-Okon et al., 2024). Quantum computing poses a direct threat to 

conventional cryptographic standards, as Shor’s Algorithm demonstrates the capability to 

efficiently factor large integers, rendering widely used cryptographic protocols such as 

RSA, ECDSA, and SHA-256 vulnerable (Dey et al., 2022; John-Otumu et al., 2024). Since 

these encryption methods rely on complex mathematical problems for security, 

Fernandez-Carames and Fraga-Lamas (2020) argue that advancements in quantum 

computing could lead to the decryption of blockchain transactions, compromising digital 

financial systems.  

To address this threat, Sood (2024) posits that post-quantum cryptography (PQC) has 

gained significant attention, with researchers developing quantum-resistant encryption 

techniques, including lattice-based, hash-based, and code-based cryptography. The 

National Institute of Standards and Technology (NIST) is leading efforts to standardize 

PQC, aiming to establish a secure foundation for digital transactions (NIST, 2024). Major 

blockchain networks such as Bitcoin and Ethereum are also exploring post-quantum 

security measures to mitigate potential vulnerabilities (Alomari & Kumar, 2024; Olabanji 

et al., 2024). However, Hale et al. (2023) argues that transitioning to PQC presents 

challenges, including infrastructure updates, performance trade-offs, and uncertainty 

regarding the long-term viability of emerging cryptographic algorithms. 

Simultaneously, AI is playing an increasingly critical role in securing cloud-based 

cryptocurrency platforms. Obeng et al. (2024) states that machine learning models 



 

 

enhance fraud detection, transaction monitoring, and regulatory compliance by analyzing 

vast datasets to identify anomalous patterns indicative of fraudulent activities. AI-driven 

security systems strengthen Anti-Money Laundering (AML) and Know Your Customer 

(KYC) measures, enabling financial institutions to meet compliance requirements while 

reducing manual oversight (Van Vliet, 2023; Val et al., 2024). 

Despite its advantages, Habbal et al. (2024) contends that AI also introduces security 

risks. The rise of deepfake technology and synthetic identity fraud illustrates the potential 

for AI misuse in digital finance (Khan et al., 2024; Joseph, 2024). A notable example is 

the 2023 Binance deepfake scam, where attackers leveraged AI-generated personas to 

bypass KYC verification, enabling unauthorized transactions and financial losses 

(Esoimeme, 2024; Salako et al., 2024). This incident highlights the necessity for 

countermeasures, including AI-driven biometric authentication and deepfake detection 

technologies, to safeguard cloud-based cryptocurrency platforms. 

The interplay between emerging threats and defensive innovations underscores the need 

for a proactive security approach (Tahmasebi, 2024; Olabanji., 2024). While quantum 

computing threatens cryptographic security, Raghuwanshi (2024) argues that AI-driven 

solutions offer critical tools to counteract financial fraud. However, adversarial AI 

techniques, which manipulate machine learning models to evade detection, present 

additional concerns. Boretti (2024) posits that integrating quantum-resistant cryptography 

with AI-enhanced threat detection is essential for ensuring the resilience of cloud-based 

financial systems. 

Cryptographic Techniques for Securing Cloud-Hosted Digital Transactions 

Cryptographic techniques are fundamental to securing cloud-hosted digital transactions, 

particularly within cryptocurrency ecosystems. Public-key cryptography underpins 

blockchain security by enabling secure transactions through key pairs (Raikwar et al., 

2019; Olaniyi, 2024). According to Liu et al. (2021), the Elliptic Curve Digital Signature 

Algorithm (ECDSA) is widely employed to authenticate transactions, allowing users to 

sign with private keys while enabling others to verify them using public keys. Additionally, 

the Secure Hash Algorithm 256-bit (SHA-256) ensures blockchain integrity by generating 

unique hash values for transaction data, making any unauthorized modification easily 

detectable (Yang et al., 2024; Olaniyi et al., 2024). 

The distinction between symmetric and asymmetric encryption is central to financial 

security. Banoth and Regar (2023) posits that while symmetric encryption uses a single 

key for encryption and decryption, requiring secure distribution mechanisms, asymmetric 

encryption enhances security by utilizing public-private key pairs, eliminating the need to 

share private keys. Multi-signature (multi-sig) authentication further strengthens security 

by requiring multiple parties to authorize transactions, mitigating single-point failures and 



 

 

reducing unauthorized access risks (Erinle et al., 2024; Oladoyinbo et al., 2024). As cyber 

threats evolve, Vagadia (2020) argues that secure key management remains critical, as 

compromised keys can undermine entire digital financial systems. 

Privacy concerns in digital transactions have driven the adoption of advanced 

cryptographic solutions. Alozie (2025) contends that zero-knowledge proofs (ZKPs) 

enable one party to verify a statement’s validity without revealing underlying data, a 

method employed by privacy-focused cryptocurrencies like Zcash, which utilizes zk-

SNARKs to obfuscate transaction details. Homomorphic encryption further enhances 

privacy by allowing computations on encrypted data without requiring decryption, an 

essential feature for cloud-hosted financial transactions where confidentiality must be 

preserved (Mohamed, 2023; Olabanji et al., 2024). Additionally, Secure Multi-Party 

Computation (SMPC) allows multiple parties to compute functions over their private inputs 

without exposing sensitive information, making it particularly valuable for collaborative 

financial analyses (Zhou et al., 2024). 

Despite their advantages, implementing privacy-enhancing cryptographic solutions 

presents challenges. Zhou et al. (2024) states that the computational overhead 

associated with ZKPs and homomorphic encryption can impact transaction throughput, 

raising concerns about scalability. Furthermore, balancing privacy with regulatory 

compliance remains complex, as enhanced anonymity features often conflict with Anti-

Money Laundering (AML) and Know Your Customer (KYC) regulations (Pocher & 

Veneris, 2021). While these cryptographic techniques are essential for user 

confidentiality, Zafir et al. (2024) argues that ongoing optimization is necessary to mitigate 

performance drawbacks and ensure alignment with legal frameworks. 

As digital financial ecosystems expand, Li et al. (2024) posits that integrating privacy-

preserving cryptographic methods alongside traditional security mechanisms remains 

imperative. While public-key cryptography and hashing algorithms provide foundational 

security, Huang et al. (2024) contends that emerging solutions such as ZKPs, 

homomorphic encryption, and SMPC offer promising advancements. However, ensuring 

practical deployment requires careful consideration of scalability, efficiency, and 

compliance to foster a secure and regulatory-aligned environment for cloud-based 

financial transactions. 

Security Strategies for Mitigating Risks in Cloud-Based Cryptocurrency 

Transactions 

Securing cloud-based cryptocurrency transactions requires a multi-layered approach 

incorporating advanced security models, authentication mechanisms, AI-driven threat 

detection, and cryptographic innovations. One effective strategy is the implementation of 

Zero-Trust Security Models, which operate on the principle of "never trust, always verify" 



 

 

(Buck et al., 2021). Unlike traditional perimeter-based security, Azad et al. (2024) argues 

that Zero-Trust frameworks continuously authenticate users and devices before granting 

access to sensitive resources. In cloud environments, where access requests originate 

from various locations, enforcing strict identity authentication and authorization policies 

reduces the risk of unauthorized access and data breaches (Vardia et al., 2024). 

However, Azad et al. (2024) contends that implementing Zero-Trust security often 

requires substantial modifications to existing infrastructure and operational processes. 

Multi-Factor Authentication (MFA) further enhances security by requiring users to provide 

multiple forms of verification, such as passwords, biometric data, or hardware tokens, 

ensuring that unauthorized access remains difficult even if one authentication factor is 

compromised (Ometov et al., 2018). Stockburger et al. (2021) posits that decentralized 

identity solutions leveraging blockchain technology provide users with greater control over 

their digital identities, reducing reliance on centralized identity providers and mitigating 

risks associated with large-scale data breaches. 

Artificial Intelligence (AI) plays a crucial role in strengthening security in cloud-based 

cryptocurrency transactions. Johora et al. (2024) states that AI-powered threat detection 

systems analyze vast transaction datasets in real time, identifying anomalies and patterns 

indicative of fraudulent activities. Machine learning models enhance fraud prevention by 

recognizing suspicious behaviors, enabling proactive intervention. Additionally, Tyagi 

(2024) posits that AI-driven blockchain forensics facilitate tracing illicit transactions, aiding 

in the identification of malicious actors. However, AI security systems must continuously 

adapt to counter adversarial attacks, where cybercriminals manipulate AI models to 

evade detection. Ensuring the reliability of AI-driven security requires continuous model 

updates and advanced anomaly detection techniques. 

Another major concern is the threat posed by quantum computing. Raikwar et al. (2019) 

contends that cryptographic algorithms such as RSA and ECDSA, which underpin digital 

currency security, are vulnerable to quantum attacks due to their reliance on factorization 

and discrete logarithm problems. Once quantum computers become sufficiently powerful, 

they could compromise these encryption standards, jeopardizing blockchain security. In 

response, Sood (2024) argues that Post-Quantum Cryptography (PQC) is emerging as a 

solution, with lattice-based and hash-based encryption methods offering protection 

against quantum threats. The National Institute of Standards and Technology (NIST) is 

actively working on standardizing PQC algorithms to facilitate integration into financial 

systems (NIST, 2024). However, transitioning to PQC involves significant infrastructure 

changes and requires careful coordination to ensure compatibility across platforms. 

3. Methodology 



 

 

This study employs a quantitative research approach to analyze security risks, assess 

the impact of emerging technologies, and evaluate cryptographic frameworks in cloud-

based digital currency transactions. The methodology integrates statistical, predictive, 

and time-series analytical models using publicly available datasets to ensure data-driven 

insights and empirical validity. 

The study utilizes the REKT Database, which documents real-world cryptocurrency 

breaches, including attack vectors, financial losses, and system vulnerabilities. To 

quantify security risks, a descriptive statistical analysis was performed. Key indicators 

used are: 

𝑀𝑒𝑎𝑛 (μ) =
∑X

N
 

 

where μ represents the mean financial loss per attack, X denotes individual financial 

losses per incident, and N is the total number of incidents recorded. The standard 

deviation is computed as: 

σ = √
∑(X − μ)2

N
 

to assess the variability in financial losses across different types of attacks. Additionally, 

a time-series trend model evaluates the annual frequency of breaches to determine 

whether security risks in cloud-based digital transactions exhibit an increasing or 

decreasing pattern over time. 

To examine the impact of emerging technologies, the study incorporates data from the 

Web3 Security Report by Immunefi, detailing AI-driven fraud cases and quantum 

computing threats in blockchain-based transactions. A logistic regression model was 

applied to analyze the relationship between AI-driven security measures (X1) and the 

probability of fraud reduction (P): 

P(Y) = (
𝑒(𝛽0+𝛽1𝑋1+𝛽2𝑋2+⋯+𝛽𝑛𝑋𝑛) 

1 + e(β0+β1X1+β2X2+⋯+βnXn)
)  

Where Y represents fraud occurrence (1 for fraud detected, 0 otherwise), β0 is the 

intercept, and βn are coefficients associated with predictors such as AI threat detection 

tools and cryptographic security measures.  

To assess cryptographic techniques and regulatory compliance, data from Elliptic Open 

Dataset was analyzed. A time-series analysis evaluates fluctuations in illicit 

cryptocurrency transactions over time, particularly before and after regulatory 

implementations such as the Markets in Crypto-Assets (MiCA) framework and post-



 

 

quantum cryptographic upgrades. The Holt-Winters exponential smoothing function is 

applied: 

St = αXt + (1 − α)(St−1 + Tt−1) 

Where St represents the smoothed transaction volume, α is the smoothing coefficient, 

and Tt accounts for the trend factor. This model identifies whether enhanced 

cryptographic protocols reduce the prevalence of unauthorized transactions. 

4. Results and Discussion 

Evaluation of Security Risks in Cloud-Based Digital Currency Transactions 

Cloud computing has revolutionized digital currency transactions by enabling real-time 

processing and operational scalability. However, it also introduces critical security 

vulnerabilities, including cyberattacks, unauthorized data access, and large-scale 

financial breaches. The increasing reliance on cloud infrastructure in cryptocurrency 

platforms has led to high-profile security incidents, s including exchange hacks, phishing 

scams, and smart contract exploits, resulting in substantial financial losses. This study 

evaluates historical breach data, examining trends in the frequency, financial impact, and 

evolving nature of security threats in cloud-based cryptocurrency transactions. 

 

 

 

 

 

 

 

 

 

Table 1: Cryptocurrency Security Breaches Analysis 

A review of cryptocurrency security breaches over three years reveals fluctuating patterns 

in both the number of incidents and financial losses (Table 1). 

Year Number of 

Incidents 

Total Financial 

Losses (USD) 

Average Loss per 

Incident (USD) 

2022 200 3,800,000,000 19,000,000 

2023 448 1,950,000,000 4,352,679 

2024 213 1,200,000,000 5,633,803 



 

 

 

Figure 1: Total Financial Losses in Cryptocurrency Security Breaches (2022-2024) 

Figure 1 provides a visual representation of total financial losses incurred annually due to 

security breaches in cloud-based cryptocurrency transactions. The data indicates that 

2022 experienced the highest losses, reaching $3.8 billion, followed by a significant 

decline in 2023 ($1.95 billion) and 2024 ($1.2 billion). Although 2023 recorded the highest 

number of incidents, the average loss per breach was considerably lower than in 2022 

and 2024.  



 

 

 

Figure 2: Average Financial Loss per Incident in Cryptocurrency Security Breaches 

(2022-2024) 

Conversely, the rise in average loss per incident in 2024 (Figure 2) suggests a shift toward 

more sophisticated, high-value attacks, indicating that cybercriminals are adapting to 

existing security defenses by targeting higher-value transactions rather than launching 

widespread attacks. 

The findings indicate that cybercriminals are shifting from mass-targeted exploits to high-

value, precision attacks, often leveraging advanced phishing techniques, deepfake fraud, 

and AI-powered exploits.  

Analysis of the Impact of Emerging Technologies on Security and Privacy in Cloud-

Based Digital Currency Transactions 

Emerging technologies, particularly artificial intelligence (AI) and quantum computing, are 

reshaping security frameworks in cloud-based digital financial transactions. While AI 

enhances fraud detection and cybersecurity defenses, the sophistication of AI-driven 

cyberattacks continues to evolve. Similarly, advancements in quantum computing pose a 

significant risk to cryptographic encryption mechanisms, potentially compromising data 

privacy and transaction security. This study evaluates the impact of AI-driven security 

implementations on fraud reduction and risk mitigation within cloud-based cryptocurrency 

ecosystems. 



 

 

Year AI-Security 

Index 

Total Fraud 

Cases 

Fraud Reduction 

Rate (%) 

Predicted 

Fraud Risk 

2022 50 1200 0.0 0.951 

2023 65 950 20.8 0.852 

2024 78 710 25.3 0.666 

2025 85 540 23.9 0.530 

Table 2: AI Security and Fraud Risk Analysis 

A data-driven examination of fraud cases and AI security measures across recent years 

reveals a significant reduction in reported fraud incidents as AI-driven defenses improve. 

The correlation between AI security index improvements and decreasing fraud risks is 

evident in Table 2. 



 

 

 

Figure 3: Radar Chart Representing AI-Security Index, Fraud Risk, and Reduction Rates 

(2022-2025) 

The results indicate that as AI-based security measures advanced, fraud reduction rates 

improved significantly, dropping from 1,200 reported fraud cases in 2022 to 540 in 2025. 

Additionally, predicted fraud risk exhibited a downward trend, with fraud probability 

declining from 95% in 2022 to 53% in 2025, demonstrating the positive impact of AI-driven 

security enhancements. 

Figure 3 presents a radar chart, providing a multi-dimensional visualization of key security 

indicators over time. The expanding AI-Security Index corresponds with declining fraud 

risk probability and total fraud cases, highlighting the effectiveness of AI-based threat 

detection in cloud-based financial platforms. 



 

 

 

Figure 4: Scatter Plot of AI-Security Index vs. Predicted Fraud Risk 

A scatter plot analysis (Figure 4) further validates the inverse relationship between AI 

security advancements and fraud risk probability. The downward trajectory suggests that 

higher AI-Security Index values are associated with reduced fraud occurrence, reinforcing 

the role of AI in strengthening digital financial security. 

Assessment of Cryptographic Techniques and Regulatory Frameworks for 

Ensuring Data Security in Cloud-Based Digital Currency Transactions 

Cryptographic security measures and regulatory frameworks are crucial in mitigating illicit 

financial activities in cloud-based digital transactions. Regulations like GDPR and MiCA, 

alongside cryptographic advancements such as ECC and PQC, enhance data integrity 

and compliance. A review of historical illicit transactions (Table 3) shows a steady decline 

following key regulatory interventions and cryptographic upgrades, reinforcing their role 

in securing digital financial ecosystems. 

Year Illicit 

Transactions 

(%) 

Regulatory 

Interventions 

Cryptographic 

Upgrades 

Reduction 

Rate (%) 



 

 

2019 12.5 Pre-GDPR Legacy 

Encryption 

0.0 

2020 11.2 GDPR Enforced Stronger 

Hashing 

1.3 

2021 9.8 Pre-MiCA ECC Adoption 1.4 

2022 7.3 MiCA Draft Quantum 

Research 

2.5 

2023 6.1 MiCA Enforced Post-Quantum 

Proposals 

1.2 

Table 3: Regulatory and Cryptographic Impact on Illicit Transactions 

The data reveals that illicit transactions dropped from 12.5% in 2019 to 6.1% in 2023, with 

a notable reduction following GDPR enforcement in 2020 and MiCA implementation in 

2023. Cryptographic security upgrades, including stronger hashing algorithms and ECC 

adoption, correlate with increased fraud reduction rates, suggesting that compliance-

driven security enhancements contribute to improved data integrity. 

 



 

 

Figure 5: Illicit Transactions Trend Over Time 

Figure 5 illustrates the downward trend in illicit transactions, demonstrating the combined 

effect of regulatory oversight and cryptographic advancements in reducing fraudulent 

activities over time. 

 

 

Figure 6: Distribution of Illicit Transactions in Cryptocurrency Transactions 

Regulatory and Cryptographic Influence on Security 

A statistical evaluation of security improvements in cryptocurrency transactions further 

highlights the role of cryptographic advancements in reinforcing regulatory compliance. 

The horizontal box plot (Figure 6) presents the distribution of illicit transactions, offering 

deeper insights into variability and outlier detection in compliance trends. 

The results indicate that while regulatory compliance frameworks are essential for fraud 

mitigation, technical cryptographic enhancements remain the backbone of security 

resilience in cloud-hosted financial systems.  

Discussion  

The findings of this study emphasize the evolving security landscape of cloud-based 

digital currency transactions and the increasing sophistication of cyber threats. The 

fluctuating patterns observed in cryptocurrency security breaches underscore the 

persistent vulnerabilities that accompany cloud-based infrastructures. The decline in total 

financial losses from $3.8 billion in 2022 to $1.2 billion in 2024 suggests that enhanced 



 

 

security measures and regulatory interventions may have contributed to improved 

resilience against cyberattacks. However, the increase in the number of incidents in 2023, 

coupled with the rise in the average financial loss per incident in 2024, suggests that 

cybercriminals are shifting their strategies toward high-value, precision-based attacks 

rather than large-scale exploits. This aligns with the assertion of Spanca and Salihu 

(2024), who argue that while cloud computing enhances scalability in digital financial 

transactions, it simultaneously exposes platforms to sophisticated threats such as AI-

powered fraud, deepfake attacks, and unauthorized access. Similarly, Coker (2024) 

highlighted the rise in phishing-related losses, which accounted for $1.05 billion in 2024, 

further demonstrating the necessity for advanced cybersecurity frameworks incorporating 

multi-factor authentication and AI-driven fraud detection. 

The effectiveness of AI in mitigating security risks is evident in the steady decline of fraud 

cases as AI-driven security measures advance. The reduction in total fraud cases from 

1,200 in 2022 to 540 in 2025 demonstrates the tangible impact of AI-enhanced security 

models in digital currency ecosystems. The downward trend in predicted fraud risk, from 

95% in 2022 to 53% in 2025, corroborates the view of Obeng et al. (2024), who argue 

that AI plays a transformative role in fraud detection, transaction monitoring, and 

regulatory compliance. However, despite these improvements, the persistence of fraud 

cases and the relatively high fraud risk probability in 2025 indicate that AI alone does not 

offer a complete solution to security threats. This supports the assertion of Romero-

Moreno (2024), who warns that AI-driven security enhancements must continuously 

evolve to counter adversarial AI techniques, deepfake fraud, and synthetic identity scams. 

The scatter plot analysis reinforces the inverse relationship between AI security 

advancements and fraud risk probability, highlighting the importance of adaptive security 

models in ensuring financial ecosystem stability. While AI has significantly strengthened 

digital currency security, its effectiveness remains contingent upon continuous updates 

and complementary cryptographic measures to counter emerging cyber threats. 

The role of cryptographic advancements in securing cloud-hosted digital transactions is 

evident in the steady decline of illicit transactions following the enforcement of regulatory 

interventions and the adoption of stronger cryptographic mechanisms. The reduction in 

illicit financial activities from 12.5% in 2019 to 6.1% in 2023 supports the assertion of Li 

et al. (2024), who emphasize the necessity of integrating privacy-preserving 

cryptographic methods to enhance compliance and data security. The implementation of 

GDPR in 2020 and MiCA in 2023 aligns with a notable drop in illicit transactions, 

reinforcing the argument of Pastor Sempere (2025) that regulatory oversight is essential 

in mitigating financial crime risks. However, despite these regulatory measures, the 

persistence of illicit transactions in 2023 suggests that compliance frameworks alone 

cannot fully address security vulnerabilities. This aligns with the perspective of Abdul and 

Saleem (2024), who argue that the decentralized nature of blockchain complicates 



 

 

regulatory enforcement, necessitating continuous cryptographic enhancements to 

maintain data integrity. 

The observed reduction in fraud rates following cryptographic upgrades, particularly 

during the transition from legacy encryption to elliptic curve cryptography and post-

quantum cryptographic proposals, substantiates the argument of Dey et al. (2022) that 

quantum computing poses an imminent threat to existing cryptographic standards. The 

decline in illicit transactions during the post-quantum cryptographic research phase in 

2022 further reinforces the assertion of Sood (2024), who posits that post-quantum 

encryption techniques offer significant potential in safeguarding cloud-hosted digital 

assets from cryptographic vulnerabilities. However, despite these advancements, Zhou 

et al. (2024) caution that the computational overhead associated with zero-knowledge 

proofs and homomorphic encryption may introduce scalability challenges in high-volume 

digital financial transactions. The box plot analysis highlights the distribution and 

variability in illicit transaction rates, offering deeper insights into compliance trends and 

security improvements over time. While regulatory and cryptographic enhancements 

have collectively contributed to a decline in fraudulent transactions, the findings indicate 

that an integrated approach combining AI-driven fraud detection, post-quantum 

cryptographic solutions, and continuous regulatory adaptation is necessary to sustain 

long-term security resilience in cloud-based digital currency transactions. 

The convergence of AI security measures, cryptographic advancements, and regulatory 

interventions demonstrates a multi-layered approach to mitigating security threats in 

digital currency ecosystems. However, the persistence of high-value breaches, the 

adaptability of cybercriminals to AI-driven defenses, and the ongoing challenges 

associated with quantum computing risks suggest that no single approach offers a 

comprehensive solution. This reinforces the argument of Schumacher (2024) that while 

compliance measures strengthen oversight, the evolving nature of cyber threats 

necessitates a dynamic security framework capable of integrating AI, cryptographic 

innovations, and regulatory adaptability. The findings highlight the necessity for a 

proactive security strategy that not only responds to current threats but also anticipates 

future vulnerabilities, ensuring the stability and security of cloud-based digital financial 

transactions. 

5. Conclusion and Recommendations 

The findings of this study underscore the evolving nature of security threats in cloud-

based digital currency transactions, emphasizing the necessity for a multi-layered security 

approach. While AI-driven security measures have contributed to a notable reduction in 

fraud cases, their effectiveness is constrained by adversarial AI techniques and deepfake 

fraud, requiring continuous refinement. Similarly, cryptographic advancements and 

regulatory interventions have successfully reduced illicit transactions, but quantum 



 

 

computing risks and compliance complexities remain significant challenges. The dynamic 

interplay between cyber threats, technological innovations, and regulatory frameworks 

necessitates a proactive security strategy that anticipates and mitigates emerging risks. 

Following the preceeding, recommendations include: 

1. Integrate AI-driven fraud detection with cryptographic security models to enhance 

threat detection and anomaly identification, mitigating AI-powered fraud 

schemes. 

2. Develop and adopt post-quantum cryptographic techniques to counteract 

potential quantum computing threats, ensuring long-term blockchain security and 

data integrity. 

3. Enhance regulatory compliance frameworks through adaptive security policies 

that balance user privacy, AML/KYC compliance, and decentralized financial 

innovation. 

4. Implement a zero-trust security model across cloud-based digital financial 

infrastructures to ensure continuous authentication, risk assessment, and access 

control, reducing vulnerabilities to unauthorized access and insider threats. 
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