Journal of Computational Analysis and Applications VOL. 33,NO. 8, 2024

Enhancing Cybersecurity in Banking: Best Practices and
Solutions for Securing the Digital Supply Chain

Venu Madhav Araganil, Praveen Kumar Maroju?, Lakshmi Narasimha Raju
Mudunuri3

1Eliason Group, Principal Software Engineer, NC, USA, Email: madhav33@gmail.com
2QA Lead Architect, Client server Technology Solutions, San Antonio, Texas, Usa,
Email: praveenkumar.maroju@gmail.com
3Valero Energy Corporation, Senior Business systems Design Specialist-Refining systems, Information
Services, USA, Email: rajumudunuril7 @gmail.com

Received: 13.07.2024 Revised: 16.08.2024 Accepted: 07.09.2024

ABSTRACT

In today’s increasingly digital landscape, the banking sector has experienced a profound transformation
driven by technological advancements. While these innovations have significantly enhanced operational
efficiency and customer experience, they have also introduced new vulnerabilities within the digital
supply chain. The ecosystem has become increasingly complex, with third-party vendors, payment
processors, cloud services, and many other external entities connected with financial institutions, making
fast propagation of cybersecurity threats across organizational boundaries easy. Cyber threats to the
banking industry have become very sophisticated, ranging from phishing and ransomware to supply chain
breaches and insider threats. These attacks can have devastating effects on both the security of sensitive
customer data and the financial integrity of institutions.

This paper discusses best practices and technological solutions to help banks strengthen their
cybersecurity defence, focusing especially on the digital supply chain. The author highlights the necessity
of developing strong risk management frameworks by leveraging cutting-edge technologies such as
blockchain, artificial intelligence, and machine learning. Such strong encryption and authentication
approaches must be encouraged to realise modern security. Lastly, the paper evaluates regulatory
frameworks that essentially guide banks' cybersecurity practices and ensure their compliance with
industry standards.

This paper explores this challenge using case studies and real-world examples, showing how banks can
develop proactive protection from the growing landscape. Furthermore, this paper offers practical advice
on how collaboration with third-party vendors can be amplified to strengthen their digital supply chain
operations and ensure that cybersecurity remains a top priority in protecting the financial services sector.
In conclusion, the paper seeks to arm financial institutions with actionable knowledge that may help them
mitigate risks and enhance the resilience of their digital infrastructure, establishing trust and long-term
success in the digital age.
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1. INTRODUCTION

The banking sector is at the forefront of technological innovation because of the necessity to provide
seamless, secure, and customer-centric financial services. Over the last two decades, digital
transformation has evolved the operations of banks, and they can now escape from cumbersome, labour-
intensive traditional processes to highly connected ecosystems. Such advancements allow for unparalleled
efficiency and convenience but bring significant vulnerabilities that may compromise financial systems'
confidentiality, integrity, and availability.

A major emerging concern within this landscape is the security of the digital supply chain. A digital supply
chain refers to all the interrelated systems, third-party service providers, software vendors, and
technology platforms banks rely on to deliver their services. In many ways, these supply chains have
grown more complex as banks implement cloud computing, artificial intelligence, mobile applications,
and blockchain within their operations. As these technologies make the system more efficient, they open
up more areas which cybercriminals can use to take advantage of the weak link in the supply chain.
Recent cybersecurity incidents have highlighted the challenges and the need to address these. For
example, the 2020 SolarWinds attack clearly shows how malicious actors can infiltrate critical systems
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through weaknesses in software supply chains. Like this, ransomware attacks against financial
institutions demonstrated the destructive capability of such threats, bringing operational disruptions,
reputational damage, and financial losses to banks. In this context, the security of the digital supply chain
represents a crucial component in the overall cybersecurity of a bank.

The banking sector is most vulnerable to cyberattacks because it holds sensitive financial and personal
data. A successful breach might lead to direct financial losses, loss of customer trust, regulatory penalties,
and long-term reputational harm. Furthermore, a cyberattack on one organization could cascade to others
in an ecosystem because digital supply chains are interdependent. For instance, an attack against a third-
party payment processor can bring about a massive functional outage of many banks due to financial
instability.

Banks should, therefore, take proactive cybersecurity into place, putting the security of their digital
supply chains at the forefront. The paper is meant to address the challenges above in a way that responds
to best practices and solutions in securing cyber banking, emphasizing mitigating risks in the chain. It
identifies the current threat landscape, discusses the role of emerging technologies, such as Al and
blockchain, for enhanced security, and delivers actionable recommendations for financial institutions to
make them stronger in defence.

Besides technological solutions, this paper considers regulatory compliance and third-party vendors'
collaboration as the norm. The General Data Protection Regulation (GDPR), Payment Card Industry Data
Security Standard (PCI DSS), and ISO 27001 regulatory frameworks offer guidelines crucial in protecting
sensitive information and enabling operation resilience. However, banks must provide suitable security
measures and a culture of cyber awareness within their organizations to achieve compliance.

The primary purpose of this research is to empower banking institutions with the knowledge and tools
required to undertake this very transformation within the constantly changing cybersecurity landscape. A
holistic approach by integrating technology, governance, and collaboration will likely make banks secure
their digital supply chains and maintain customer trust in an increasingly digital world.
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Figure 1: A typical organisation’s suppliers sorted by criticality levels

2. Cyber Threat in the Banking Industry

2.1 Most Common Cyber Attacks in Bank

Banks are one of the prime victims of cyberattacks because these institutions hold sensitive information
and financial resources. The common forms of attacks consist of the following:

*Phishing: This is a deception to expose personal information through emails.

sRansomware: This refers to malicious software that holds users hostage and demands a ransom.

*DDoS Attacks: Overwhelming bank systems with requests, rendering them inaccessible.

eData Breaches: Unauthorized access to sensitive financial data.

2.2 Impact of Cyberattacks on the Digital Supply Chain

Cyberattacks on the banking sector usually have wide-ranging consequences, especially when third-party
vendors or services are compromised. For example, if a payment gateway provider is hacked, the bank
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could suffer devastating financial loss and reputational damage. Furthermore, the complexity of
contemporary banking systems has created a situation where an attack on one vendor can easily ripple
through the supply chain.

3. Contemporary Threat Landscape in Banking Cybersecurity

The threat landscape for banks is dynamic and constantly changing because cybercrime evolves as
technology advances and digital technologies are adopted so quickly. As financial institutions become a
more interconnected ecosystem, the attack surface grows, and banks and their digital supply chains
become attractive to various cyber threats. This section discusses the most significant cybersecurity
challenges affecting the banking sector and how they specifically target the digital supply chain.

3.1 Sophisticated cyberattacks targeting the banking sector

It has evolved from simple phishing schemes to extremely sophisticated, organized attacks. These are
geared at stealthily exploiting vulnerabilities within the digital supply chain indirectly to gain access to
bank networks. Some of the common attack vectors include:

* Ransomware Attack Ransomware attacks are typical, where attackers encrypt critical data and demand
payment for the release. Attacks of this kind that have been noticed recently are usually traced back to
third-party providers or weak points in a supply chain network.

«Supply Chain Attacks entail targeting third-party vendors, contractors, or software vendors to banks. The
attacks on SolarWinds and Kaseya will be remembered as an example of how such a breach by a single
compromised vendor could lead to far-reaching breaches.

ePhishing and Spear Phishing: Even as old-line phishing continues, spear-phishing campaigns focus on
higher-ranking bank officials, often leveraging trust-based relationships with third-party partners to
deliver malicious payloads.

e Malware and Trojan Attacks: Malware intended to penetrate the bank's system, such as banking Trojans,
that takes advantage of vulnerabilities in vendor software or mobile applications.

3.2 Important Vulnerabilities in the Digital Supply Chain

The digital supply chain in the banking industry is especially vulnerable to cyberattacks due to its
complexity and reliance on third parties. The most key vulnerabilities include:

eThird-Party Risk: Many banks must source payment processing, cloud storage, and IT from third-party
service providers. A breach in any supply chain point can compromise the whole ecosystem.

sSoftware Dependencies: Third-party software solutions are often integrated into banking operations.
Visibility into the source code or the security practices of the supply chain for these vendors leaves blind
spots on potential threat agents.

ePoorly designed and weak authentication mechanisms, involving lack or improper implementation
among all supply chain partners, make it easier for attackers to penetrate sensitive systems.

*Supply chain interactions often happen without real-time monitoring or detection of anomalies, allowing
attackers to remain undetected for a long time.

3.3 Regulatory and Compliance Challenges

While regulatory frameworks, such as GDPR, PCI DSS, and ISO 27001, help enhance security standards,
compliance across multiple heterogeneous digital supply chains takes work. Some of the major problems
are:

eChopped Oversight: Dissimilar jurisdictions often subject businesses to conflicting regulatory
requirements, making the inter-country banks' compliance processes more difficult.

eVendor Accountability: Ensuring that various third-party vendors comply with the related security
standards is difficult, especially if vendors operate under different regulatory regimes.

eData Privacy Issues: There is an art to balancing protecting customer data with sharing necessary
information with supply chain partners.

3.4 Case Studies: Real-World Incidents

eSolarWinds Supply Chain Attack (2020): In this complex attack, hackers exploited vulnerabilities in
the software supply chain and inserted malware into a software update, compromising thousands of
organizations, including financial institutions.

*NotPetya Ransomware (2017): Originating as a supply chain attack, NotPetya spread through a
compromised software update, racking up billions in damages and speaking to vulnerabilities within
third-party software environments.
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eCapital One Breach (2019): A malicious insider exploited a cloud configuration vulnerability to expose
sensitive customer data, underscoring risks from inadequately practised cloud and vendor security.

3.5 Emerging Threats

Future attacks will be created, and vulnerabilities will arise as banks incorporate leading-edge

technologies. Among them are:

eThreats of Quantum Computing: Quantum computing will break most encryption used today, pushing
the need to take their transition to post-quantum cryptography.
«Exploiting AI: Al increases cybersecurity defences, and threat actors can utilize it to craft more precise

and effective attacks.
e JoT-Enabled Financial Devices:
vulnerabilities that hackers can exploit.

IoT devices

used in financial services come with different

Table 1: Common Threats in Banking and Their Supply Chain Implications
Threat Attack Vector Impact on Digital Mitigation Measures
Supply Chain
Ransomware Email phishing, third-party | Disruption .of services, Regula.r bac.kups,
access data encryption endpoint protection
Supply Chain | Compromised vendor | Unauthorized access, Vendor risk
. assessments, code
Attacks software system compromise )
reviews
o Social engineering, | Credential theft, data | Employee  training,
Spear Phishing fraudulent emails exfiltration email filters
Malware/Trojans Infected software, external | System damage, sensitive | Anti-malware
J devices data theft solutions, sandboxing
Weak Poor password policies, | Unauthorized access to | Enforced MFA, strong
Authentication weak MFA critical systems password policies
Non-compliance with | Fines, reputational Contln.uous
Regulatory Gaps compliance
global standards damage .
monitoring

Organisation Tier 1 suppliers

Tier 3 suppliers

I Tier 2 suppliers I

Figure 2: Supply Chain Visibility barrier

4. Best Practices for Improving Banking Cybersecurity

Securing the banking industry's digital supply chain requires a proactive and multi-layered response.
Banks need to embrace best practices that combine solid technological measures, rigid governance
frameworks, and active collaboration with their respective supply chain partners. This section describes
the most essential best practices available to help mitigate the risks of cyber-attacks on banks and ensure
resilience against evolving threats.
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4.1 Strengthening Cybersecurity Framework

Strong cybersecurity frameworks are the backbone of protecting the banking ecosystem. Such a
framework will essentially comprise of:

Risk Assessment and Management: Banks must carry out holistic risk assessments to identify
vulnerabilities in their broader digital supply chain. This includes mapping all third-party relationships,
assessing potential risks, and prioritizing mitigation strategies based on their criticality.

Cybersecurity Policies and Standards: Establishing clear policies and adhering to established
standards, such as ISO 27001 and the NIST Cybersecurity Framework, can provide consistency in security
practices for the organization and its supply chain partners.

Incident Response Plan: A well-formulated incident response plan would enable banks to react to
breaches, ensuring damage is minimized promptly and business continuity remains intact. Simulations
and drills would enhance preparedness.

4.2 Third-Party Risk Management Strengthening

Third-party risks must be managed due to the massive dependence on outsourcing vendors. This includes
best practices:

Vendor Selection through Due Diligence: Banks must thoroughly check on vendors before onboarding
them and assess their cybersecurity practices, compliance, and breach history.

Contractual Provisions for Security: Banks' contracts must include clauses insisting upon adherence to
cybersecurity standards, periodic audits, and prompt reporting of breaches to the bank.

Continuous Monitoring: Real-time monitoring of third-party systems and activities helps identify and
address potential threats early. Banks can leverage Security Information and Event Management (SIEM)
tools to automate monitoring.

4.3 Leveraging Advanced Technologies

Innovative technologies can significantly enhance cybersecurity defence.

Artificial Intelligence and Machine Learning: Al and ML algorithms scan volume-level data to detect
anomalies and threats in real-time. They predict future attack patterns, enabling banks to take preventive
steps before they occur.

Blockchain Technology: Blockchain technology is a tamper-proof and unchangeable ledger that can
create transparency and security within supply chain transactions. Once data is entered into a blockchain,
it cannot be destroyed or altered. The user can trace the complete history of all entries in the chain.
Encryption: Use the strongest encryption algorithms, such as AES-256, to protect data in transit and at
rest. Use post-quantum cryptography to prepare for future quantum computing attacks.

Zero Trust Architecture: Adopt a Zero-Trust approach that never trusts any entity, internal or external.
This design is expected to confirm the identities of users and devices, perform constant verification, and
exercise strict access controls.

4.4 Employee Education and Training

Human error remains one of the biggest causes of cybersecurity breaches. Employee training and a
culture of cybersecurity awareness can help control this risk.

Awareness Programs in Phishing: Regular training programs to be aware of phishing attacks help
reduce susceptibility to social engineering attacks.

Role-Based Training: All employees with access to critical systems receive role-based training in safe
practices and incident response procedures.

Gamified Learning Modules: Cybersecurity training and simulation can make learning exciting and
effective.

4.5 Multi-Factor Authentication (MFA)

Adding MFA to the logon process authenticates a user using multiple factors, such as passwords,
biometrics, OTP, etc. Hence, the risk of unauthorized access is considerably reduced even if the credentials
have been compromised.

4.6 Fortifying Cloud Security

Banks increasingly adopt cloud solutions, so securing these environments is highly important.

Shared Responsibility Model: Banks must understand their responsibilities versus those of the cloud
provider to ensure comprehensive security.

Data Encryption: Encrypting data before uploading to the cloud prevents unauthorized access in case of
breaches.
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Cloud Access Security Brokers (CASBs): CASBs provide visibility and control over data movement
across cloud applications, helping enforce security policies.

4.7 Adopting Regulatory Compliance Measures

Adherence to international and regional cybersecurity regulations maintains legal compliance and
security.

Regular Audits: Regular internal and external audits help ensure that security measures conform to
regulatory criteria.

Compliance Automation: Utilizing automated compliance check tools can help achieve this more
efficiently while minimizing the human error component.

Collaboration with Regulators: Liaison with regulatory authorities helps update the bank on any new
requirements and best practices as they evolve.

4.8 Encouraging Interoperability Throughout the Ecosystem

Overcoming Systemic Threats in the Digital Supply Chain Requires Collaboration Sharing Threat
Intelligence: Banks must collaborate at an industry level with threat intelligence platforms to acquire and
share insights about emerging threats.

Vendor Collaboration: Good communication channels with vendors improve timelines regarding
vulnerabilities and patches.

Public-Private Partnerships: Liaising with governments and law enforcement helps build a more
collective defence against cybercriminals.

Table 2: Cybersecurity Best Practices and Their Benefits

Best Practice Description Benefits
Risk Assessment | Regularly identifying and evaluating risks Proactive threat mitigation
Al/ML . . Faster and more accurate
Integration Real-time anomaly detection and response threat detection
Zero Trust Verifying every user and device Reduced risk of unauthorized
Architecture 5 Y access
Emplgyee Conducting regular cybersecurity education Minimizes human error in
Training breaches
MFA . . e .

. Adding multiple verification steps Enhanced access security
Implementation
Blockchain . . . Improved transparency and
Technology Securing supply chain transactions integrity
Cloud  Security . o Safe data storage and reduced
Enhancements Encryption, CASBs, and monitoring tools breach risks
Vendor Audits Evaluating vendor compliance Increased supply chain security

5. Advanced Cybersecurity Solutions for the Digital Supply Chain in Banking

Cyber threats are gaining momentum in this dynamic cybersecurity world, thus challenging banks to
employ more advanced solutions for a secured digital supply chain. Although traditional measures remain
essential, they are no longer sufficient to combat sophisticated cyber criminals’ modern techniques. This
section discusses cutting-edge technologies, methodologies, and frameworks a bank might employ to
enhance its cybersecurity defence.

5.1 Al and ML

Al and ML technologies are pivotal in modern cybersecurity, enabling banks to identify and mitigate
threats proactively in real-time.

eAnomaly Detection: Al-powered systems can analyse network behaviour for anomalies, hinting those
malicious activities, such as unauthorized access or unusual data transfers, were conducted.

ePredictive Analytics: Using machine learning models and historical data analysis, vulnerabilities and
attack patterns may be predicted, allowing banks to prepare against future threats.

eAutomated Incident Response: Al-driven systems may automatically respond to detected threats by
isolating affected systems, blocking malicious IPs, and alerting the appropriate personnel.

Example: JPMorgan Chase uses Al to analyse billions of emails and documents for fraud and insider
threat patterns, minimizing significant manual investigations.
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5.2 Blockchain for Supply Chain Security

Blockchain technology, with its unparalleled transparency and immutability, is a perfect fit for securing
digital supply chains.

With its secure and tamper-proof transaction verification, blockchain instils confidence in the integrity of
every transaction within the supply chain.

eTraceability: Banks can trace every step in their supply chain to ensure no unauthorized system
modification.

Smart Contracts: Automated contracts executed on blockchain platforms can enforce cybersecurity
requirements and compliance among vendors.

Example: Banco Santander uses blockchain for its international payment systems; it helps reduce
vulnerabilities in cross-border transactions.

5.3 Zero Trust Architecture

The Zero Trust model, with its constant verification of access to sensitive systems and data, provides a
strong sense of security by rejecting implicit trust in any internal or external entity.

* Micro-Segmentation: Networks are segmented into segments to restrict access and prevent the spread
of attackers.

« Dynamic Access Control: Access granted is based on real-time identity verification, device security, and
behaviour verification.

¢ Least Privilege Access: A user is granted the minimum access they need to perform their job, which
reduces the potential impact of a compromised account.

Example: Citibank has deployed Zero Trust policies in all its global operations, which means it can
mitigate insider threats even more effectively.

5.4 Extended Detection and Response (XDR)

Platforms for XDR integration combine multiple security tools and provide a centralized view of the
digital supply chain, enhancing visibility and response capabilities.

» Aggregation of Security Data: XDR integrates data from the endpoint, network, and email systems to
give a fuller picture of the threats.

¢ Sophisticated Threat Correlation: XDR combines data from several vectors to identify advanced,
stealthy attacks that other solutions may miss.

« Simplified Incident Management: Dashboards provide better visibility into finding and investigating
threats and incident remediation.

5.5 Post-Quantum Cryptography

The emergence of quantum computing poses a serious threat to most existing encryption methods. To
counter this, banks must prepare for the uptake of post-quantum cryptographic algorithms.

¢ Resistant Algorithms: Lattice-based cryptography and Multivariate Polynomial cryptography are
resistant algorithms to quantum computing attacks.

e Hybrid Solutions: Hybrid cryptographic schemes can be provided for banks in a transitional phase,
combining classical and quantum-resistant methods.

Example: HSBC has also started exploring post-quantum cryptography in its data centres to harden its
encryption strategies.

5.6 Cybersecurity Automation

Automation tools can optimize process security by reducing response time and limiting human errors.

¢ SOAR Platforms, or Security Orchestration, Automation, and Response: These tools automate
routine activities, such as log analysis, threat hunting, and incident reporting.

« Automated Penetration Testing: Tools simulate cyberattacks to identify vulnerabilities with actionable
insights that come without manual effort.

* Robotic Process Automation (RPA): RPA helps automate repetitive security functions, such as
centralized software updates and patch applications across systems.

5.7 Secure Multi-Cloud Environments

As the bank embraces a multi-cloud strategy, security must be woven throughout diverse environments.

¢ Cloud Security Posture Management (CSPM): CSPM continuously scans cloud environments for
misconfigurations and compliance violations.

« Container Security: Applications protected by runtime protection and vulnerability scanning ensure
safe application delivery.

935 Venu Madhav Aragani et al 929-936



Journal of Computational Analysis and Applications VOL. 33, NO. 8, 2024

¢ Cloud Governance Unified: Centralized control enables banks to manage cloud security policies across
multiple providers.

Example: Deutsche Bank uses CSPM tools to supervise its cloud infrastructure, ensuring that it does not
configure it to expose sensitive data to the outside world.

5.8 Behavioural Biometrics

Behavioural biometrics is an extension of biometrics because it treats each user as unique based on
behaviour patterns rather than just credentials.

« Continuous Authentication: It's similar to continuous monitoring of behaviour, such as typing patterns
and mouse movements, and differentiates individuals.

+ Behavioural Biometrics:Behavioural biometrics can help detect fraudulent activities based on
deviations of patterns and customer interaction behaviours.

For instance: Barclays has incorporated behavioural biometrics into its online banking portal to
strengthen fraud detection.

6. Regulatory framework and norms
6.1 International Cybersecurity Norms for Banking:
e International standards such as ISO 27001, GDPR, and PCI DSS hold the key to securing sensitive
data that governs the compliance of the banking sector with regulatory rules.

6.2 Adherence to Regulatory Norms:
e By not facing administrative fines and seizing the opportunity to align cybersecurity policies
within the required benchmark set by the law of the land and the international realm,

7. Case Studies about Best Implementations of Cybersecurity in Banking
7.1 Case Study 1: Bank A's Reaction to Ransomware Attack
e Bank A suffered a ransomware attack that momentarily paralyzed its operations. Strong backup
systems, combined with an incident response plan well-rehearsed by the bank, reduced financial
loss and avoided data leak incidents.

7.2 Case Study 2: Use of Blockchain for Supply Chain Safety
e The introduction of blockchain by Bank B aimed to secure payment processing systems and
mitigate third-party vendors' risks. The solution improved transaction transparency and reduced
fraud incidences.

8. Conclusion and Recommendation

That means improving cybersecurity in banking, especially in securing the digital supply chain, is multi-
layered and involves strong risk management, robust technological solutions, and compliance with global
standards. Banks' tactics must continually evolve to avoid emerging cyber threats and preserve their
systems' integrity.

Recommendations
e Implement comprehensive risk management frameworks
e Investin advanced technological solutions like Al, machine learning, and blockchain.
e  Ensure third-party vendors comply with strict cybersecurity guidelines.
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